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Paediatric surgery has come of age with the publication of this landmark textbook directed to the African 
continent. A comprehensive textbook of this nature is long overdue and undoubtedly will serve as a basic 
reference tome, practical manual, and stimulus for innovative research for generations to come. Most current 
textbooks are written with an emphasis on surgical conditions and remedies commonly encountered in the 
developed world. However, in many developing countries, the aetiology, incidence, pathogenesis, clinical 
manifestations, investigations, treatment, and outcomes for common diseases, as well as diseases endemic to 
these regions, are different. Hence the need for a textbook to look beyond current texts and address diseases 
in a more comprehensive way.

The development of paediatric surgery as a speciality in Africa is relatively recent. In many areas, it is 
still compromised by a lack of demographic information, infrastructure, and trained surgeons familiar with 
the special needs of children, as well as limited anaesthetic services and fiscal deficiencies. Life for children 
on the African continent is therefore not easy. It is a constant battle against poverty, parasitic and other 
infections and diseases, trauma, debilitating congenital and central nervous system abnormalities, and many 
other factors impairing their growth and development.

 Many of the same surgical diseases seen in the developed world must be diagnosed and treated in 
Africa under substantially less favourable and often adverse circumstances. The morbidity and mortality 
rates remain unacceptably high, with wide disparities between countries as well as between urban and rural 
communities. It is in this setting that this textbook will make a valuable contribution toward expanding 
knowledge and achieving improved surgical outcomes for all children.

Authorship was wisely chosen: each chapter is written by an acknowledged international expert and 
an African counterpart who has extensive experience. This daunting task is an affirmation of the specific 
need to address the often neglected surgical diseases of the region and their special circumstances. This 
collaboration also recognises the important contributions made by surgeons from Africa.  They have a 
breadth of knowledge and experience to help unlock the doors of ignorance and to contribute to setting a 
standard of quality care. Many of the authors have earned national and international professional distinction 
as surgeons, teachers, innovative researchers, and leaders. 

People often question the relevance of surgery on a continent where so many other issues are a priority. 
The estimated accumulative risk for a child to have a condition requiring surgical input is 85% by the age 
of 15 years, making it a significant public health problem. Obstacles to improve paediatric surgical care 
include a general lack of interest in surgical conditions affecting children, its poorly defined role, and a lack 
of political commitment. Surgical training in Africa is also very variable and beset with multiple challenges, 
which further compound the already suboptimal standard of surgical care. Sick children therefore are 
found on the doorsteps of health care workers, but the only way they can get their rightful due is to have 
knowledgeable and skilled surgeons caring for them.

This textbook, as a rich source of information, will consequently contribute significantly to paediatric 
surgical education in Africa, combining home-grown knowledge on the care of children with surgical 
conditions. Although this book is directed to the needs of surgeons working in Africa, it may also be of great 
help to those treating children from Africa somewhere in the developed world. Diseases know no boundaries.

Emeritus Professor Heinz Rode
Red Cross War Memorial Children’s Hospital
University of Cape Town, South Africa
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We are very pleased to partner with the authors to publish this entirely 
new and important book: Paediatric Surgery: A Comprehensive Text 
For Africa. This is a major achievement resulting from the contribu-
tions of many individuals.

All of the authors contributed their time, experience, and expertise, 
and for busy clinicians, writing is done at great personal sacrifice. 
Only by knowing the importance of a project do physicians elect 
to allocate such time for new material. We acknowledge the special 
contribution of Dr. Emmanuel Ameh for initiating and coordinating 
the entire undertaking. Please review the list of the text’s contributors 
and note their diversity and impressive credentials.

Our staff also made this publication a priority. Deborah Cughan 
organized the project and used her graphic skills to integrate the 
text and illustrations for publication as well as to design the cover. 
Sandra Rush edited and indexed the book at a reduced non-profit rate. 
Additionally, Dean Carlson, our manager and web-master, helped to 
facilitate all aspects of the project.

Friends of the Global HELP Organization covered the cost of 
producing this book. Expenses include editing, indexing, formatting, 
web-site management, CD-Rom Library duplication, and hardcopy 
printing. Scores of generous people made donations and the major 
contributors were Henry & Cindy Burgess, George Hamilton, Paul & 
Suzanne Merriman, and Lana & Lynn Staheli.

We plan to distribute this publication as widely as possible. 
Along with the printed version, the full text is available on low-cost 
CD-Roms and may be downloaded in PDF format from our web-site 
without charge or restrictions.

For any new editions of the publication, please visit our web-site 
at www.global-help.org.

Lynn Staheli, MD, 2011
Founder and Volunteer Director, 
Global HELP Organization
Paediatric Orthopaedist 
Professor Emeritus, University of Washington 
Seattle, Washington, USA 

A Note from the Publisher

Paediatric surgery has become an established specialty in many parts 
of Africa and other developing countries. However, the surgical care 
of children continues to pose significant challenges in these settings, 
due partly to the enormous disparity between the large volume of 
patients and the few available paediatric surgical specialists. In addi-
tion, many patients present late, frequently with advanced diseases, 
and, unfortunately, available medical facilities are often suboptimal.

Although a number of good paediatric surgical textbooks are 
currently in use worldwide, few address the peculiar needs of surgeons 
in the developing world. Even though most aspects of paediatric 
surgical care are standard worldwide, in many cases, the approach, 
methods, and techniques described in Western textbooks may not be 
applicable to the African setting. Most existing textbooks are written 
by surgeons who assume a Western audience in their discussion of 
incidence rates, demographics, and socioeconomic aspects. Discussion 
of available treatment options and reference to “standard of care” 
assume a Western level of technology. Understandably, conditions 
common in Western countries are treated with greater emphasis while 
those commonly seen in Africa may not be discussed at all. This book 
presents a comprehensive overview of paediatric surgery that is most 
relevant to African children and their surgeons. When used along 
with the already available textbooks, it will provide a more balanced 
perspective to anyone interested in paediatric surgery in Africa

The authors of this book are primarily reputable paediatric 
surgeons with vast experience working in Africa, but also include 
those from developed countries, whose contributions will add the 
expertise gained from experience in state-of-the-art facilities. It is 
hoped that this collaboration will provide the reader with a safe 
approach to surgical care of children under difficult situations as well 
as up-to-date information on various aspects of paediatric surgery.

Africa is currently experiencing a severe shortage of paediatric 
surgical specialists, and a significant proportion of surgery on 
African children is still performed by general surgeons. Therefore, 
this book is targeted at trainees in both paediatric surgery and 
general surgery in Africa and similar settings as well as practising 
surgeons. Undergraduate medical students, paediatricians, and other 
paediatric health care practitioners will also find this book a useful 
reference. The recent increase in the numbers of charitable medical 
missions from Western countries will continue to bring surgeons from 
developed countries to Africa. These much-needed doctors will find 
the book an essential accessory to their work in Africa. Ultimately, we 
hope the children of Africa will be the final beneficiaries.

The Editors, 
E. A. Ameh, Zaria, Nigeria
S. W. Bickler, San Diego, California, USA
K. Lakhoo, Oxford, UK
B. C. Nwomeh, Columbus, Ohio, USA
D. Poenaru, Kijabe, Kenya
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Stomach, Duodenum, and 
Small Intestine



CHAPTER 59

Infantile Hypertrophic
Pyloric Stenosis

Lohfa B. Chirdan
Emmanuel A. Ameh

Amy Hughes-Thomas

Introduction
Infantile hypertrophic pyloric stenosis (IHPS) is a common surgical 
cause of vomiting in infancy in the Western world.1,2 Historically, it 
was described as a disease entity in 1888 by Harald Hirschsprung.3 
Gastrojejunostomy was used to treat this disease until 1912, when 
extramucosal muscle-splitting pyloromyotomy was described by 
Ramstedt.4 This procedure has dramatically changed the outcome of 
infants with IHPS.

Demographics
The reported incidence of IHPS in the Western world is 1–4 per 1,000 
live births.5 There is a male-to-female ratio of 4:1, with reported ratios 
ranging from 2.5:1 to 5.5:1.6 

Pyloric stenosis appears to be more common in infants of caucasian 
descent and is less common in India and among black and Asian 
populations, with a frequency that is one-third to one-fifth that in the 
white population.7

In about 6–33% of infants with IHPS, associated anomalies have 
been described in the central nervous system (CNS), gastrointestinal 
tract (GIT), and urinary tract.8 

Aetiology
Despite the frequency of pyloric stenosis, the aetiology remains unclear. 
Genetic predisposition acting in conjunction with environmental factors 
is the most widely accepted explanation; however, debate still continues 
as to whether it is a congenital or acquired disease.9–11 Breast-feeding has 
been suggested as offering some immunity to the disease.12 

First-born children have been noted to be more likely affected, and 
a familial link is seen with a greater than fivefold increase in the risk 
in first-degree relatives. The genetics explaining this are likely to be 
polygenic, as no single locus has been identified.6 Male and female 
children of affected mothers carry a 20% and 7% risk, respectively, 
of developing the condition, whereas male and female children of 
affected fathers carry a 5% and 2.5% risk, respectively. Furthermore, 
an association is seen in twins, with concordance among monozygotic 
twins of 0.25–0.44, and in dizygotic twins of 0.05–0.10.13

Pathophysiology
Pyloric stenosis is characterized by hypertrophy of the pyloric mus-
culature, leading to a mechanical obstruction of the gastric outlet in 
the affected infant. Thus, hypertrophied pyloric antral muscle fibres 
protrude distally into the duodenal lumen, producing a reflection of 
duodenal mucosa. 

Infants with a diagnosis of pyloric stenosis will show characteristically 
low chloride and hydrogen ions as measured in the serum. The loss 
of gastric secretions secondary to protracted vomiting will result in 
dehydration. As a result, through aldosterone-stimulated absorption, 
potassium is excreted in the urine in an attempt to conserve sodium. 
As potassium depletion worsens, sodium resorption across the renal 
tubule is then achieved in exchange for a hydrogen ion, thereby creating 

paradoxical aciduria. Classically, this results in the occurrence of a 
hypochloraemic hypokalaemic metabolic alkalosis. In severe cases with 
diagnostic delay, hypoglycaemia and hypoalbuminaemia can be observed.

It is known that the pyloric hypertrophy will eventually resolve, but 
this takes a long period of time; the infant would usually succumb to the 
electrolyte derangement and dehydration before this happened.

Clinical Presentation
Infants with pyloric stenosis usually present with a gradual onset of 
worsening nonbilious vomiting, beginning between 3 to 6 weeks of age. 
The pattern of vomiting can vary, but often it progresses to the character-
istic “projectile” vomiting. Infants may present in the early stages of the 
disease and be treated for reflux disease or undergone numerous formula 
changes before the diagnosis is made. Delay in diagnosis can result in 
significant electrolyte imbalance, weight loss, and failure to thrive.

The typical clinical features include the following: 
• Nonbilious vomiting is usually forceful and postprandrial.

• The infant is hungry after vomiting and eager to feed, only to vomit 
again.

• Weight loss occurs in severe cases.

• Signs of dehydration present in cases of repeated vomiting.

• Scaphoid abdomen especially noted after recent vomiting.

• Visible peristalsis may be observed in the upper abdomen, usually 
moving from the left hypochondrium towards the right side.

• A palpable mass is present in the right upper quadrant (90% in 
experienced hands); this is best appreciated while the infant is being 
fed with clear fluid.

Differential Diagnosis
The differential diagnosis of pyloric stenosis includes:
• gastro-oesophageal reflux;

• viral enteritis;

• pylorospasm;

• duodenal stenosis/duodenal web; and

• raised intracranial pressure.

Evaluation
Clinical Diagnosis
Depending of the time to presentation, the clinical picture can vary enor-
mously from a well-hydrated baby to an emaciated infant. Weight loss 
and dehydration coupled with an insatiable appetite lead to a character-
istic facies, with a furrowed brow, wrinkled appearance, and prominent 
sucking pads. In some infants, the distended stomach may be identifiable 
in the hypochondrium, with active peristaltic activity visible through the 
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Figure 59.1: Ultrasound features of pyrolic stenosis.

Figure 59.2: UGI contrast showing pyloric stenosis.

thin abdominal wall. On examination, a mobile, ovoid mass, commonly 
referred to as an “olive”, is palpable in the epigastrium or the right 
upper quadrant. 

If the pylorus is palpated by an experienced clinician, no further 
imaging is necessary. In some cases, however, other structures may be 
confused with hypertrophied pylorus, including the caudate lobe of the 
liver, the right kidney, the vertebrae, or an orogastric tube in the distal 
stomach. If there is any doubt, or in the absence of a palpable “olive”, 
diagnostic imaging can be helpful.
Ultrasonography
In situations where doubt exists, examination by ultrasound (US) 
should be performed. This would normally confirm the presence of a 
pyloric “tumour”. The characteristic appearance of pyloric stenosis on 
ultrasound is that of a “doughnut” or “bull’s eye” on cross section of 
the pyloric channel. Pyloric dimensions with positive predictive value 
greater than 90% are muscle thickness greater than 4 mm and a pyloric 
channel length greater than 17 mm.14 These limits may be lower in 
infants younger than 30 days of age (Figure 59.1). 

An experienced sonographer will recognize periods of relaxation in 
infants with pylorospasm, commonly confused with pyloric stenosis at 
examination. Pylorospasm has been hypothesized to be an early stage 
of IHPS, but this has not been proven. 
Upper Gastrointestinal Contrast Study
In an occasional case where doubt still persists after US examination, 
an upper gastrointestinal (UGI) series may be done. The UGI series 
would show a narrow pyloric channel, the so-called “string sign” and 
the “shoulder sign”, caused by the impression of the pylorus into the 
stomach (Figure 59.2).

Serum Electrolytes
Serum electrolytes should be measured immediately when the patient 
arrives in hospital. If vomiting has been ongoing for several days, 
serum electrolytes are frequently deranged. The nature of derange-
ment is a spectrum,15,16 ranging from mild to severe hyponatraemia, 
hypochloraemia, hypokalaemia, and metabolic alkalosis. The degree of 
elevation of serum urea is directly related to the severity of dehydration.
Haemogram/Full Blood Count
Infants presenting late are often malnourished and may have some 
degree of anaemia, which may require correction. Therefore, a haemo-
gram and full blood count are warranted. 

Treatment
Correction of Electrolyte and Fluid Depletion
Patients with pyloric stenosis may have severe electrolyte disturbances, 
so the serum electrolytes should always be estimated. Mild electrolyte 
disturbances can be corrected preoperatively with 0.45% normal saline 
with 5% dextrose solution. Severe disturbances require correction with 
0.9% normal saline bolus of 10 to 20 ml/kg, followed by administra-
tion of 0.9% saline in 5% dextrose solution. Potassium can be added 
if necessary when adequate urine output (1.5–2 ml/kg per hour) is 
established and under electrocardiogram (ECG) monitor. Fluid should 
be administered at a rate of 25–50% above maintenance. 

Following resuscitation and correction of electrolyte imbalance, 
maintenance IV with 0.45% saline in 5% dextrose with 20 mmol 
potassium chloride should be given at 25-50% above the standard rate.

Meticulous care and time should always be taken to correct fluid and 
electrolyte depletion before any surgical correction. It is important to 
emphasize that mortalities from pyloric stenosis are attributable to fluid 
and electrolyte problems.
Nasogastric Decompression
Once diagnosis is made, all feeds are stopped. It is helpful to aspirate 
all gastric content by nasogastric tube (NGT). Frequently, this con-
tent comprises milk curds, which may require lavage with saline to 
adequately evacuate the stomach. Keeping the stomach empty would 
help prevent aspiration from vomiting. Once the stomach is emptied, 
the NGT is either closed off or removed to avoid worsening electrolyte 
depletion by aspirating gastric content. 

In the West, gastric lavage is not routinely performed. An NGT 
is passed, size 8 Fr or above. Gastric losses are monitored and 
replaced milliliter for milliliter with 0.9% saline. To avoid iatrogenic 
hyperkalaemia, no potassium is added to the replacement fluid.
Surgical Correction
Surgical correction of pyloric stenosis is not an emergency, and there-
fore the electrolyte disturbances can and should be meticulously cor-
rected before operation. Occasionally, children with pyloric stenosis 
will have jaundice due to a transient impairment of glucuronyl transfer-
ase activity. This is self-limited once postoperative feeding is initiated.

Infants undergoing pyloromyotomy are assumed to have a full 
stomach and the anaesthesiologist should keep this in mind. Both the 
anaesthesiologist and surgeon should be vigilant during the operation 
to prevent aspiration of gastric juice. The stomach must be evacuated 
in the operating room, particularly if NGT had not been inserted earlier. 

Preoperative antibiotics are controversial; data supporting their use 
with the standard right upper quadrant incision are scant. They may be 
of benefit when performing the operation through the umbilical skinfold. 
Operative Details
The standard operation is the Ramstedt pyloromyotomy. Classically, 
the operation has been approached through a right upper quadrant 
muscle-splitting approach17. Alternatively, the approach may be via a 
supra-umbilical transverse skinfold incision. 
1. Once the peritoneum is entered, the omentum is retrieved into 
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Figure 59.3: Operative view of pyloric mass.

Figure 59.4: Spreading of the divided pyloric muscle.

Figure 59.5: Myotomy with mucosal bulge.

Title Surgical practice for infantile hypertrophic pyloric stenosis in 
the United Kingdom and Ireland—a survey of members of the 
British Association of Paediatric Surgeons

Authors Mullassery D, Perry D, Goyal A, Jesudason EC, Losty PD

Institution Academic Department of Pediatric Surgery, The Royal 
Liverpool Children’s Hospital (Alder Hey), University of 
Liverpool, United Kingdom

Reference J Pediatr Surg 2008; 43:1227–1229

Problem Current practice amongst paediatric surgeons on the 
management of infantile hypertrophic pyloric stenosis.

Outcome/
effect

More than half of the surgeons surveyed used umbilical 
incision for pyloromyotomy, whereas only 15% do the 
pyloromyotomy laparoscopically. Fewer than 10% of surgeons 
surveyed use the classical right upper quadrant incision for 
pyloromyotomy. The study also showed that about half of the 
surgeons do not use antiobiotics; however, 70% of those using 
the umbilical incision use antibiotics. The study concluded that 
umbilical incision and laparoscopic incisions are benchmarks 
for surgeons caring for children with infantile hypertrophic 
pyloric stenosis.

Historical 
significance/
comments

Acknowledging that IHPS may not be a major workload for 
the paediatric surgeon practicing in Africa, patients with this 
condition do come in occasionally, especially in major centres, 
so paediatric surgeons need to be aware of the current 
practices amongst paediatric surgeons who care frequently for 
these patients; hence, the importance of this article. Although 
there are a lot of variations in the practice, pyloromyotomy 
through whatever route remains the gold standard for caring 
for these group of patients.

Table 59.1: Evidence-based research.

the wound and elevated to lift the transverse colon. This manoeuvre 
enables the surgeon to identify the antrum of the stomach. The lower 
third of the stomach is then gently elevated using moist gauze to 
deliver the pyloric mass into the wound (Figure 59.3). 
2. A vertical incision is then made into the mid anterior surface through 
the serosa and superficial muscularis, beginning about 1–2 mm from 
the pyloroduodenal junction to a point 0.5 cm into the lower antrum. 
3. The underlying firm fibres are then divided using blunt dissection 
with a clamp, rounded end of a scalpel blade, or special Benson’s 
pyloromyotomy spreader. Special care is taken to prevent mucosal 
perforation, especially at the lower end of the incision. Upward 
protrusion of the gastric mucosa indicates relief of the obstruction 
(Figures 59.4 and 59.5). 

Mucosal perforation usually occurs at the duodenal end and is 
indicated by the appearance of bilious fluid. When this occurs, repair 
is done by using interrupted fine monofilament long-term absorbable 
sutures placed transversely and covered with omentum. If the closure of 
the mucosal perforation compromises the pyloromyotomy, which rarely 
happens, a fresh pyloromyotomy is done at about 45°–90° of the first 
incision. Air is then instilled through the NGT to check the integrity of 
the duodenal mucosa.

 Use of a laparoscopic approach is increasing, with evidence 
supporting its benefits emerging.18,19 A recent study has shown a safe 
alternative with a decreased time to full feeds postoperatively.20

Postoperative Management
Postoperative nasogastric decompression is not necessary unless the 
mucosa has been entered and repaired. Several feeding schedules have 
been advocated after surgery. Traditional structured feeding regimens 
as opposed to more rapid initiation and advancing feeding schedules are 
probably unnecessary. Feedings are begun 4 to 6 hours after operation, 
normally with low-volume balanced electrolyte or dextrose solution 
initially, rapidly advanced to full feeds of formula over the next 12- to 
24-hour period. If the patient vomits, which is common after this pro-
cedure, the same volume feed that caused the emesis can be repeated. 
The patient is usually discharged the day after operation. 

Surgical Complications
Intraoperative risks include bleeding, infection, and mucosal perforation. 
Postoperative complications include wound infection and dehiscence in 
about 1%. Persistent vomiting beyond 48 hours, thought to be due to gastric 
atony, occurs in about 3%. Unrecognized perforation during pyloromy-
otomy is a serious but rare problem demanding immediate reoperation. 

Outcome
The majority of infants go on to make a full recovery postoperatively 
and need no further medical input. After a surgical pyloromyotomy, the 
pyloric muscle subsides to a normal size and, when viewed during sub-
sequent operations, is usually visible only as a fine line over the pylorus 
at the site of the myotomy.

Incomplete pyloromyotomy may occur, but it is difficult to diagnose in the 
early postoperative phase. Imaging studies done postoperatively are difficult 
to interpret and usually not helpful. If complete gastric-outlet obstruction is 
present on a contrast study, repeated pyloromyotomy is necessary. 

Mortality is rare, but when it occurs, it is usually from fluid and 
electrolyte depletion in infants presenting late, and inadequately 
corrected electrolyte problems before surgery.

Evidence-Based Research
Evidence on the management of pyloric stenosis in African children is 
rare, so clinicians have to depend on literature from the West, where the 
disease is more frequent. Table 59.1 presents the results of a survey on 
the management of IHPS conducted in the United Kingdom and Ireland.
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1. Infantile hypertrophic pyloric stenosis affects infants 2–8 weeks 
of age, often presenting with repeated vomiting.

2. Although the disease may not be common in African children, 
practitioners may encounter the condition.

3. The aetiology is not clear, but pyloric muscle hypertrophy 
leading to mechanical obstruction of the pylorus is the endpoint.

4. The disease can be self-limiting, but the infant would succumb 
to dehydration and electrolyte imbalance if not treated.

5. Care should be taken to correct any fluid and electrolyte 
depletion before embarking on any surgical correction.

6. Extramucosal pyloromyotomy, introduced about a century ago, 
still remains the gold standard for surgical management of IHPS.
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CHAPTER 60

Peptic Ulcer Disease in Children
Oludayo Adedapo Sowande 

Jennifer H. Aldrink

Protective Mechanisms Disruptive Mechanisms

1. Secretion of water-insoluble 
    gastric mucus and bicarbonate 
2. Protective phospholipids 
3. Rapid turnover of gastric 
    mucosal cells 
4. Normal mucosal blood flow 
5. Inhibited acid secretion

1. Gastric hyperacidity
2. Acid-dependent pepsin
3. Mucosal ischemia
4. Helicobacter pylori infection
5. Sepsis 
6. Traumatic injuries and burns
7. Drugs (steroids)
8. Alcohol
9. Cigarette smoking 
10. Stress

Introduction
Peptic ulcer disease (PUD) results from a disruption in the mucosal 
lining of the stomach or duodenum, allowing penetration through the 
muscularis mucosa. Over the years, the causative role of Helicobacter 
pylori in the etiology of primary PUD has been proven. Despite increas-
ing attention to PUD as a cause of abdominal pain in children, many 
cases of PUD in children are not recognized until they are compli-
cated by haemorrhage, perforation, or gastric outlet obstruction. This 
is invariably associated with an increase in morbidity and mortality.

Demographics
PUD is an uncommon disease of childhood, with an estimated fre-
quency of 1 case in 2,500 hospital admissions in the United States. Data 
for developing countries, especially from Africa, are scarce, but peptic 
ulceration is being increasingly recognized in children in the develop-
ing world. A prevalence rate of 2% has been found among children pre-
senting with abdominal pain. The majority of cases are duodenal ulcers. 

The male-to-female ratio for all childhood PUD is 1.5:1. However, 
no sex difference in the incidence of primary PUD has been noted in 
infants or young children.

Aetiology
Peptic ulcer diseases in children and adolescents can be classified into 
two aetiologies, primary and secondary.

Primary PUD is commonly associated with H. pylori infection. 
Primary ulcers are more likely to be chronic, more common in blood 
group O and may be familial in 30–40% of PUD cases. It may be 
associated with elevated serum gastrin level, but this finding is 
inconsistent in children.

Secondary PUD occurs as a result of accompanying stressful medical 
or surgical conditions. It may follow severe burns (Curling’s ulcer), 
severe head injury (Cushing’s ulcer), and ingestion of nonsteroidal 
anti-inflammatory drugs (NSAIDs). Mucosal ischaemia, in association 
with increased gastric acid and pepsin production, and with decreased 
prostaglandins and mucus production, has been implicated in the 
development of secondary PUD. 

In general, PUD results from an interaction between protective 
forces that prevent a breach in the integrity of the gastric and duodenal 
mucosa and those that contribute to mucosal inflammation and 
ulceration (Table 60.1).

Helicobacter pylori and Peptic Ulcer Disease
H. pylori, a gram-negative microaerophilic spirochete, has been impli-
cated in the development of gastritis and peptic ulcer disease in both 
adults and children in the presence of acid and pepsin. H. pylori infec-
tion is mainly acquired during childhood. In India, almost 80% of the 
population has been infected by the age of 10 years, compared to less 
than 10% of the population in developed countries. H. pylori infec-
tion is thought to be transmitted mainly through the faecal-oral route 
in developing countries. Most infected individuals are asymptomatic; 
approximately 15% develop peptic ulcer disease and 1% develop gas-
tric cancer. The organism has a unique ability to survive in the harsh 
acidic environment of the stomach by producing the enzyme urease, 
which allows it to alkalinize its microenvironment and survive for long 
periods of time. The organism also produces myriad other virulence 
factors such as catalase, vacuolating cytotoxin, and lipopolysaccharide. 
The organism has been classified as a class A carcinogen by the World 
Health Organization (WHO) because it has been causally associated 
with gastric carcinoma and lymphoproliferative disorders.

Clinical Presentation
History
A detailed history and physical examination are the mainstays of diag-
nosis, supplemented by diagnostic investigations where available. The 
most common symptom in PUD is abdominal pain. A high index of 
suspicion is necessary in children because abdominal pain is a com-
mon complaint; distinguishing the pain of PUD from other causes of 
abdominal pain is a major challenge. The child’s inability to describe 
the symptoms very well may hinder the diagnosis. Not uncommonly, 
the diagnosis is not considered at all in children because PUD is thought 
largely to be a disease of adults. 

The pain of PUD in toddlers and preschool age children is usually 
dull and vague, quite unlike what is described in adults, and may or may 
not be aggravated by food intake. The older child and adolescent may, 
however, present in the typical adult fashion with sharp and burning 
pain localized to the periumbilical or epigastric regions. The pain may 
exhibit periodicity with frequent exacerbations and remissions over 
weeks to months. There may be recurrent vomiting, leading to poor 
weight gain. Vomiting of food ingested over a few days should raise the 
suspicion of gastric outlet obstruction. A possibility of a family history 
of peptic ulceration should be sought as well as a history of ingestion 
of NSAIDs. 

As in adults, PUD may be complicated by perforation, gastrointestinal 
tract (GIT) bleeding (hematemesis with melena), and gastric outlet 
obstruction. These complications may occur even in the absence of 
pain. Presentation in infants, particularly in neonates, is usually acute 
and may manifest as acute perforation or haemorrhage, even in the 
absence of recognizable stress. 

The natural history of peptic ulcers in children has been well 
correlated with age. In early life (2–6 years), there is a tendency 
towards bleeding and perforation. In the age group of 7–11 years, 

Table 60.1: Protective and disruptive mechanisms for PUD.
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the ulcers are usually acute, often perforate, and only rarely bleed or 
become chronic. In children older than 11 years of age, the behavior of 
the ulcers approximates that seen in adults.
Physical Examination
A general physical examination in uncomplicated cases is usually not 
informative. Pallor may suggest blood loss. A combination of chronic 
epigastric or periumbilical pain and anaemia should raise a suspicion 
of PUD in a child. Careful inspection, auscultation, and palpation of 
the abdomen, including rectal examination, are important, although 
findings may be normal. Haemorrhage accompanies PUD in 15–20% of 
patients and may be severe enough to require blood replacement. Shock 
may result from haemorrhage.

Peritonitis resulting from perforation of the GIT occurs in about 5% 
of children with PUD. 
Investigations
Due to the cost and lack of availability of resources, investigating a 
child with abdominal pain should be focused and targeted. The follow-
ing investigations may be indicated:
• The haemoglobin level is used to diagnose anaemia and determine 
its severity. A blood film appearance may show hypochromic, 
microcytic cells suggestive of iron deficiency anaemia. Sophisticated 
laboratory tests to diagnose iron deficiency anaemia in chronic cases 
may not be available in the developing world settings.

• Oesophagogastroduodenoscopy (EGD) is the procedure of choice 
for detecting PUD in children and adolescents but is often unavail-
able in most African hospitals. An endoscopy can be performed 
safely in all paediatric age groups. It allows for direct visualisation 
of the ulcers; the location and the number can be determined and 
biopsy can be taken where necessary. In children with severely 
deformed duodenum or pylorus, there may be some difficulty in 
visualisation of the duodenum. Urease activity can also be assessed 
by EGD. Therapeutically, EGD allows for control of bleeding 
ulcers by using vasoconstricting agents such as epinephrine or by 
using a heater probe to coagulate the bleeding vessels. Monitoring 
of response and efficacy of medical treatment can also be done via 
endoscopy. For peptic ulcer disease in children, a definitive endo-
scopic and microbiological diagnosis is advisable.

• An upper GI series is an alternative to EGD where such facilities 
are not available, but it has a high false positive rate of up to 30%. 
Diagnosis is based on the demonstration of an ulcer crater and 
deformity of the duodenal cap. 

• Serum gastrin estimation may be useful in cases of suspected 
Zollinger-Ellison syndrome. 

Diagnosis of Helicobacter pylori Infection 
Invasive and noninvasive tests are available for diagnosing H. pylori 
infection. Invasive tests require endoscopy and include rapid urease test 
(RUT), histopathology, and culture of gastric biopsy. The noninvasive 
tests, such as urea breath test and stool antigen detection, are used to 
determine eradication of infection following treatment, whereas serolo-
gy is used for epidemiological studies but may be unreliable in children.

Medical Care
The initial treatment of PUD in children is medical. The treatment of 
PUD, as in adults, encompasses eradication of H. pylori. This is accom-
plished by a combination of medications to reduce acid production and/
or improve the mucosal defense in combination with antibiotics. The 
success of histamine-2 receptor blockers and proton pump inhibitors 
(PPIs), and the eradication of H. pylori, has virtually eliminated the 
need for elective ulcer surgery. Although colonisation by H. pylori 
may be high, there is no evidence that eradication in an asymptom-
atic patient is warranted. PPIs have been found to be safe in children. 

Sucralfate, which is an aluminum salt of sulfated sucrose, may also be 
used. In the presence of acidic pH, sucralfate forms a complex, paste-
like substance that adheres to the damaged mucosal area. This forms a 
protective coating that acts as a barrier between the lining and gastric 
acid, pepsin, and bile salts. 

Recommended Eradication Therapies for H. 
pylori Disease in Children

First-line therapy is the use of one PPI and two antibiotics for 10 to 14 
days. This can be either:
• omeprazole + amoxicillin + clarithromycin; or

• omeprazole + amoxicillin + metronidazole; or 

• omeprazole + clarithromycin + metronidazole.
Second-line therapy is employed when there is no response to first-

line therapy. It consists of either
• omeprazole + bismuth subsalicylate + metronidazole + amoxicillin 
or tetracycline for 14 days; or

• ranitidine + bismuth citrate + clarithromycin + metronidazole for 
14 days.
Other drug combinations and durations of treatment are currently 

being evaluated.
For children in the developing world, cost may be a significant 

consideration in the treatment options available.

Management of Complications of PUD in 
Children

Surgical intervention is required in a small percentage of infants and in 
children with complications of PUD that include perforation, obstruc-
tion, intractable pain, and bleeding unresponsive to medical or endo-
scopic therapy. 
Bleeding Peptic Ulcer Disease
Bleeding is the most common complication of PUD in children. 
Most cases are self-limiting and subside with conservative treat-
ment. However, in an acute bleed, the most important clinical step 
is resuscitation and the restoration of blood volume. The following 
steps are critical:
1. Two large-bore intravenous catheters are inserted. 
2. A bolus fluid of 20 ml/kg of crystalloid is infused rapidly to combat 
shock, and is repeated as necessary pending availability of cross-
matched blood.
3. An appropriately sized urethral catheter is inserted to monitor 
urinary output. The urinary output, which may be all that is available 
in most centres in Africa, gives an estimation of organ perfusion 
as a response to the fluid resuscitation. An output of 1–2 ml/kg is 
considered satisfactory but should be used in concert with other 
clinical parameters. A central venous pressure monitor can be 
inserted where available. Complete blood counts and chemistry 
values are also determined. 
4. A nasogastric tube (NGT) is placed as a way of performing lavage, 
preventing aspiration, and monitoring ongoing haemorrhage. 

With these initial measures (steps 1–4), most bleeding peptic ulcers 
will subside.
5. Perform an endoscopy, if available, as soon as the patient is stable, 
usually within 24 hours of admission. Endoscopy confirms the 
diagnosis and may be therapeutic. Vasoconstrictive agents, such as 
epinephrine, 1 in 10,000 dilution, can be injected, and use of a heater 
probe, electrocoagulation, or photocoagulation can also be employed.
6. Angiography may be necessary in patients with a massive GI 
bleed in whom endoscopy cannot be performed. Angiography can 
depict the source of the bleeding, and allow for the direct injection of 
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vasoconstrictive agents. This is rarely available in resource-poor settings.
Rebleeding is reported to occur in 10–30% of cases and usually 

occurs within the first week after primary therapeutic endoscopy. 
Endoscopic treatment can be repeated for rebleeding.

Indications for surgery in bleeding PUD include:
1. failed endoscopic treatment;
2. identified arterial bleeding;
3. identified vessels at the base of the ulcer;
4. rebleeding; and
5. loss of more than 50% of the patient’s estimated blood volume in a 
short period (i.e., 8–24 hours).
Choice of Surgery
Simple plication or oversewing of the bleeding source is usually all 
that is needed for peptic ulcers. A more definitive procedure, such as 
vagotomy and pyloroplasty, may be added if the patient is stable and fit. 
In patients with stress ulcers related to brain injury or burns, the proce-
dure of choice may be vagotomy and antrectomy. Total gastrectomy is 
rarely performed to treat multiple gastric ulcers in paediatric patients. 
Perforated Peptic Ulcer Disease in the Child
When perforation occurs, it is usually on the anterior wall of the first 
part of the duodenum, resulting in both chemical and bacterial peritoni-
tis. Perforation is accompanied by the sudden onset of abdominal pain, 
vomiting, and generalised abdominal distention. Shoulder pain may be 
present due to diaphragmatic irritation. Examination of the acutely ill 
child reveals evidence of peritonitis with board-like rigidity and dimin-
ished bowel activity. In the infant, perforation may occur in the absence 
of any recognizable stress.

A plain abdominal x-ray may be helpful, as it may reveal pneumo-
peritoneum.

Late presentations are not uncommon in developing countries 
because of a lack of suspicion and poor access to health care. Late-
presenting patients may be severely toxic and dehydrated, requiring 
urgent fluid resuscitation and correction of electrolytes and acid-base 
disorder. An NGT and urinary catheter should be inserted. The child 
should be started on broad-spectrum antibiotics. Surgery is performed 
as soon as the child is stabilized. 

Operative repair of perforated ulcers may be performed by 
using a simple closure or oversewing. Where available, this may be 
accomplished laparoscopically. An omental patch (Graham patch) 
may be used to cover the area of perforation. This treatment should be 
followed by medical therapy. In a stable patient with chronic ulcer, a 
selective vagotomy or a bilateral truncal vagotomy with pyloroplasty 
may be added.
Gastric Outlet Obstruction
Gastric outlet obstruction occurs following chronic inflammation with 
fibrosis at the pylorus. This is often accompanied by acute inflam-
mation and mucosal oedema, leading to luminal obstruction. Gastric 
outlet obstruction is an uncommon complication of PUD in children. 
It is characterized by recurrent episodic vomiting. The vomitus usually 
contains food residues eaten over the previous few days. The vomiting 
is characteristically projectile in nature. Weight loss is not uncommon, 
and in late presentation the child is severely dehydrated and pale.

Serum electrolytes characteristically show hypochloremic alkalosis 
with hyponatraemia and hypokalaemia. Blood gas analysis shows a 
base excess of more than +3. There may be hypoproteinaemia as a 
result of the malnutrition.

Diagnosis is usually confirmed by upper gastrointestinal series or 
endoscopic gastroduodenoscopy. A dilated stomach with narrowing of 
the pylorus and deformity of the duodenal bulb is typically demonstrated.

Treatment consists of aggressive resuscitation with crystalloid, 
ensuring adequate urinary output. Nasogastric decompression and 
lavage is necessary while the hypoproteinaemia and anaemia are 

corrected. In some instances, the nasogastric decompression and 
treatment with antiulcer drugs will allow oedema to subside enough 
for gradual introduction of oral feeds. Definitive therapy consists of 
bilateral truncal vagotomy with pyloroplasty or in the presence of 
severe fibrosis gastrojejunostomy. 

Prognosis and Outcomes
Peptic ulcer is usually a benign disease without a high mortality if 
diagnosed and treated early. With modern therapy and eradication of H. 
pylori, the cure rate is more than 90%. Mortality rates remain highest 
in neonates as well as in infants and children with systemic illness or 
injury who present with acute bleeding or perforation.

Prevention
Prevention involves the avoidance of predisposing factors, such as 
ingestion of NSAIDs, coffee, smoking, and alcohol in older children 
and adolescents. Secondary peptic ulceration in severely stressed and 
traumatized patients can be prevented by prophylactic antacids and 
H2-receptor blockers or PPIs. Early recognition and evaluation of 
abdominal pain will prevent the development of complications of PUD.

Evidence-Based Research
Table 60.2 presents a retrospective study of 45 years of data on surgical 
treatment of peptic ulcer disease in children.

Table 60.2: Evidence-based research.

Title A 45-year experience with surgical treatment of peptic 
ulcer disease in children

Authors Azarow K, Kim P, Shandling B, Ein S

Institution Division of General Surgery, The Hospital for Sick Children 
and University of Toronto, Toronto, Ontario, Canada

Reference J Pediatr Surg 1996; 31(6):750–753

Problem The role of the proton pump inhibitor on the incidence 
of surgery for complications of PUD and the outcome of 
surgical treatment in complicated PUD in children was 
investigated.

Comparison/
control 
(quality of 
evidence)

This is a retrospective study of all patients who required 
operations for PUD between 1949 and 1994 (n = 43). The 
patients were classified into three groups: A (n = 38): pre–
H2 receptor blocker era (1949–1975); B (n = 3): pre–proton 
pump inhibitor era (1976–1988); and C (n = 2): proton 
pump inhibitor era (1989–1994). The incidence of surgery 
for complicated PUD in children and the outcome of 
surgical intervention were compared across the three eras.

Outcome/
effect

The authors concluded that although the incidence of 
surgery for PUD has declined, the incidence of surgery for 
obstruction secondary to PUD has not. The obstruction 
probably is related to scarring from long-standing disease. 
H. pylori may be a risk factor in the development of 
obstruction. Lesser procedures, such as vagotomy and 
pyloroplasty for bleeding PUD, simple oversewing of a 
perforation, and vagotomy plus a drainage procedure for 
gastric outlet obstruction, may be sufficient with appropriate 
ulcer medical treatment postoperatively, especially in those 
who did not have definitive ulcer surgery.

Historical 
significance/
comments

This study provides indirect evidence that medical 
treatment has significantly reduced the incidence of 
complications of PUD, especially bleeding in children. 
In Africa and developing countries with a low index of 
suspicion and poor access to health care facilities, this 
may not be the case. In an environment where late 
presentation may be the case, the clinical state should 
determine the surgical approach to those presenting with 
complicated PUD; extensive surgery may not be indicated 
and simple surgery as practiced in this study may suffice
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1. Peptic ulcer disease in children is being recognized 
increasingly worldwide, including developing countries.

2. A high index of suspicion is necessary to distinguish PUD in 
children from other causes of abdominal pain.

3. Helicobacter pylori is an important aetiological factor in PUD   
in children.

4. Peptic ulcer may present with such complications as 
haemorrhage, perforation, and gastric outlet obstruction, even 
in the absence of pain.

5. Newborns and infants tend to present with acute complications 
such as haemorrhage or perforation.

6. Oesophagogastroduodenoscopy is the main diagnostic 
investigation and is safe in the paediatric age group.

7. The mainstay of management of paediatric PUD is medical, 
consisting of a combination of PPI, sucralfate, or bismuth with 
two antibiotics.

8. Surgery is indicated only for complications such as uncontrolled 
haemorrhage, perforation with peritonitis, and gastric outlet obstruction.
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Neonatal Intestinal Obstruction
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Introduction
Neonatal intestinal obstruction (NIO) is one of the most common 
emergency conditions a paediatric surgeon is called upon to assess 
during the neonatal period. Successful management of NIO depends 
on timely diagnosis and referral for therapy. The diagnosis is based 
on history (symptoms) and physical examination (signs) confirmed by 
some investigations such as radiographic and histopathological stud-
ies. Catastrophic events such as volvulus, ischaemic loop of bowel, 
pneumoperitoneum, and/or pneumonia from aspiration and malnutri-
tion could be overcome through efficient and timely resuscitation and 
urgent transport to a specialised unit. 

The desired goal of healthy survival of neonatal intestinal 
obstruction requires a coordinated interaction of medical, nursing, 
and rehabilitative specialties in an organised team. Early surgical 
intervention is paramount and may mean all the difference between 
intestinal salvage and crippling short gut syndrome. The typical case 
of neonatal bowel obstruction is generally straightforward, and the 
outcome is potentially excellent. Only very preterm babies and those 
of extremely low birth weight may succumb. However, in Africa, late 
presentations and poor resources lend to a mortality of up to 50%.1 
Few dedicated paediatric hospitals exist in developing countries.2

Intestinal obstruction can be complete (atresia, anorectal 
malformation (ARM)) or incomplete (stenosis, web). Obstruction 
may be intraluminal (meconium ileus or meconium plug syndrome) 
or functional (Hirschsprung’s disease (HD)). Proximal obstruction 
presents with earlier vomiting and less abdominal distention, whereas 
distal bowel obstruction lends itself to late emesis and greater abdominal 
distention. This chapter provides an overview on neonatal bowel 
obstruction. Each specific condition is covered in chapters elsewhere 
in this book, specifically, Chapter 58 (inguinal and femoral hernias 
and hydroceles), Chapter 62 (duodenal atresia and stenosis), Chapter 
63 (intestinal atresia and stenosis), Chapter 65 (intestinal malrotation 
and midgut volvulus), Chapter 67 (meconium disease), Chapter 76 
(Hirschsprung’s disease), and Chapter 77 (anorectal anomalies).

Demographics
The incidence of NIO is approximately 1 in 5,000 live births. The true 
incidence in Africa is unknown, but a recent report from Tanzania has 
shown that it is still the most common neonatal surgical emergency.1 
Many cases still die undiagnosed and untreated.

Aetiology/Pathophysiology
Neonatal intestinal obstruction has varied aetiology, so the patho-
physiology is diverse. 

The gastrointestinal tract (GIT) arises from the yolk sac. At 3 
to 4 weeks’ gestation, it becomes a distinct entity. A connection, 
the vitelline (omphalomesenteric) duct, may persist as a Meckel’s 
diverticulum. The alimentary tube is divided according to its blood 
supply into the foregut, midgut, and hindgut.

The foregut comprises the oesophagus, stomach, and duodenum. 
These are vascularised by multiple sources—the thyrocervical, 
intercostal, celiac axis, and superior mesenteric vessels.

The midgut comprises the jejunum and ileum as well as the 
ascending and proximal transverse colon. These are supplied by the 
superior mesenteric vessels.

The hindgut comprises the distal colon, which is supplied by the 
inferior mesenteric vessels, and the rectum, which is supplied by the 
internal iliac vessels.

Aberrations of foregut formation include duodenal stenosis, duodenal 
atresia, and annular pancreas. Maldevelopment of the midgut includes 
malrotation as well as jejunal and ileal atresia. Meconium ileus involves 
the distal ileum. Hirschsprung’s disease (aganglionic megacolon), 
meconium plug syndrome, and imperforate anus involve the hindgut. 
Enteric duplications occur in all three locations.

Jejunoileal atresia is a condition acquired during foetal development 
due to disruption of the mesenteric blood supply. In their classic work on 
foetal dogs in 1955, Louw and Barnard from Cape Town, South Africa, 
clarified the pathophysiology of jejunoileal atresia.3 Other abdominal 
conditions occurring in utero, such as gastroschisis, volvulus, or intus-
susception, may be associated with intestinal atresia due to kinking, 
stretching, or otherwise disrupting the blood flow to the foetal bowel. 
Chromosomal anomalies are rare (<1%) in babies with jejunoileal atresia.

Meconium ileus is the earliest manifestation of cystic fibrosis (CF), 
an autosomal recessive condition characterised by abnormalities in cel-
lular membrane physiology and chloride ion transport that contribute to 
progressive respiratory failure, derangements in cellular secretory pat-
terns, and diminished mucosal motility. In developed countries, 10–20% 
of newborns with CF present with meconium ileus, an association first 
described by Landsteiner in 1905.4 A cystic fibrosis gene that is different 
from that in the caucasian population has been identified in the black 
African population;5 however, the incidence in Africa is much reduced, 
and in many sub-Saharan countries, the disease is not reported.6 

Abnormalities in the cystic fibrosis transmembrane regulator 
(CFTR) disrupt transmembrane flux of the chloride ion, which 
subsequently affects sodium transport as well. The meconium of 
affected babies is thick and sticky; this, coupled with the poor motility 
of an immature intestine, leads to intraluminal obstruction of the 
terminal ileum. A contrast enema might reveal the characteristic finding 
of a microcolon. It is essential to push the contrast up to the level of 
obstruction, namely, the distal ileum to be therapeutic by flushing out 
the meconium plugs (Figures 61.1 to 61.4).

Meconium plug syndrome refers to inspissated meconium obstruct-
ing the colon; it may denote HD but not CF. Conditions that predispose 
to dysmotility of the neonatal bowel (e.g., maternal pre-eclampsia, 
diabetes mellitus, administration of magnesium sulfate, prematurity, 
sepsis, and hypothyroidism) may be responsible for the formation of the 
meconium plug. A water-soluble contrast enema can be both diagnostic 
and therapeutic for this condition.

Hirschsprung’s disease is a disorder of the neuroenteric pathways 
in the distal colon that results in a bowel that is tonically contracted. 
Bowel peristalsis is controlled by neuroenteric ganglion cells, which 
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are present in the submucosal layer of the intestine and migrate from 
the neural crest distally along the bowel to reach the rectum at about 
7–10 weeks’ gestation. HD is the congenital absence of neuroganglion 
cells; consequently, the peristaltic relaxation phase is absent distally, 
and the affected intestine does not appropriately relax, causing a func-
tional obstruction. The extent of the aganglionic segment varies with 
each patient, but extends from the distal rectum proximally. The level 
at which the proximal but healthy bowel starts to dilate is called the 
transition zone (Figure 61.5).

The genetic defects responsible for HD consist of abnormalities on 
more than one chromosome and include the RET proto-oncogene, located 
at chromosome 10q11.21. RET interacts with a protein termed EDNRB, 
encoded by the gene EDNRB, which is located on chromosome 13.  

Anorectal malformation 
At 4 to 6 weeks’ gestation, the hindgut separates into the urogenital sinus 
and the anorectum, which then undergoes canalisation. The distal third of 
the anus develops from ectoderm and becomes the anal pit, whereas the 
proximal portion of the anal canal is derived from mesoderm. An anal 
membrane covers the canal until 8 weeks’ gestation, when it perforates 
and becomes a patent anus. Imperforate anus results if this sequence of 
events occurs improperly.

In summary, conditions of NIO include:
• hernia (inguinal, internal);

• atresia, stenosis, web (oesophageal, duodenal, jejunoileal, colonic);

• anorectal malformation;

• Hirschsprung’s disease;

• meconium ileus or plug; and

• malrotation with midgut volvulus.

Clinical Presentation
History
The history of NIO is typical for the level (high/ low) and type 
(mechanical, functional) of obstruction. High intestinal obstruction 
presents with early vomiting, whereas low intestinal obstruction pres-
ents with abdominal distention and later onset vomiting. Feeding intol-
erance with bile-stained vomiting, absent meconium, and abdominal 
distention are therefore paradigmatic. With late presentation, the symp-
tom presentation might change due to complications and malnutrition.

On antenatal ultrasound, polyhydramnios is a common feature. 
Intrauterine bowel dilatation may also be noted if scanned after 24 
weeks’ gestation.
Physical Examination
Depending on the level of intestinal obstruction, the physical find-
ing is that of a distended abdomen. Within the African context, these 
babies often present late with aspiration pneumonia, malnutrition, 
and final events such as intestinal perforation and sepsis. A careful 
examination and search for typical signs (e.g., abdominal distention, 
peristaltic waves across the abdomen, absent anus or perianal fistulas, 
severe distention, and malnutrition in HD) usually reveal the appro-
priate suspected diagnosis.

Investigations
The most important and useful test in any NIO is the abdominal 
radiograph (AXR). A single supine and lateral shoot-through is usu-
ally sufficient. The distribution of the air contrast directs one to the 
appropriate diagnosis. Very distended loops of bowel are indicative 
of atresia. Long-standing drainage from a nasogastric tube (NGT), 
however, could make such a diagnosis difficult. A duodenal atresia 
could in this way be missed purely by the duodenal bulb being col-
lapsed from the ongoing drainage. A repeat radiograph with injection 
of some air through the NGT facilitates the diagnosis.

Figure 61.1: Radiograph showing ground-glass appearance of meconium ileus.

Figure 61.2: Meconium peritonitis with calcification and pseudocyst due to in 
utero perforation.

Figure 61.3: Meconium ileus with perforation.
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Figure 61.4: Contrast enema study showing microcolon.

Figure 61.5: Contrast enema in Hirschsprung’s disease showing diseased 
narrow bowel, transition zone, and dilated normal bowel.

Figure 61.6: Contrast study showing malrotation with volvulus.

Once a diagnosis is suspected, contrast studies may help 
in assessing the rest of the bowel and/or be therapeutic. Such 
investigation is paramount for the demonstration of the anatomy in 
ARM after a colostomy has been performed and to assess the length 
and level in HD (see Figure 61.5). A water-soluble contrast enema 
will help to clear the thick meconium in meconium ileus.

Further radiological studies have to be requested to assess 
associated abnormalities such as those included in the acronym 
VACTERL (vertebral, anorectal, cardiac, tracheo-oesophageal, renal, 
and limb).

Blood tests are needed to facilitate and modulate resuscitation. 
Depending on the severity of the condition and its delayed presentation, 
blood products might be needed for the surgery.

Management 
Preoperative Treatment
All conditions need fluid resuscitation and nasogastric decompres-
sion. Broad-spectrum antibiotics should be started prophylactically.
Condition-Specific Management
Duodenal atresia 
Evaluate for trisomy 21. Because duodenal atresia is considered a 
midline defect, an evaluation for associated anomalies should include 
echocardiography, head and renal ultrasonography, and vertebral 
skeletal radiography. 

Jejunoileal atresia 
Intraoperatively distal atresias can be identified by flushing the distal 
intestinal lumen with warm saline to confirm intestinal continuity 
down to the level of the rectum.

Meconium ileus 
The traditional gastrografin enema has been replaced with a water-
soluble contrast enema, which is equally effective in loosening the 
meconium impaction. The enema fluid must be refluxed into the 
terminal ileum. 

N-acetylcysteine may be administered by NGT to further loosen 
the meconium. 

Hyperosmolar enemas may increase the risk of hypovolaemic 
shock and injury to the intestine with perforation. The risk of 
perforation is reportedly 3–10%.

Meconium plug syndrome
A gentle rectal washout with temperate normal saline might alleviate 
the obstruction immediately. A rectal suction biopsy and or a contrast 
enema should rule out HD.

Full-thickness rectal muscle biopsy is recommended where there 
is no frozen section or histochemical assay available 

Hirschsprung’s disease
Initial rectal washout will alleviate the obstruction. Rectal suction 
biopsy or full thickness biopsy will confirm the diagnosis. A contrast 
enema will show the level of disease.

Imperforate anus
An 18-hour plus AXR, which is the time required for swallowed air to 
reach the level of obstruction, will help to show the level of abnormality.
Operative Therapy
Duodenal atresia
A diamond-shaped or side-to-side duodenoduodenostomy is an easy 
procedure to bypass the obstruction.

Malrotation with volvulus
Malrotation with midgut volvulus (Figure 61.6) is a true surgical 
emergency in the newborn. Delay in operation may result in cata-
strophic loss of the bowel and death. 
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Assess the stage of ischaemia and derotate counterclockwise if 
the bowel seems viable. Inform the anaesthetist about the manoeuvre 
because there will be a flush of intravenous endotoxins. 

Depending on the viability of the bowel, continue on to a Ladd’s 
procedure, in which an extensive mobilisation of the mesentry is performed. 

Removal of the appendix is controversial and a surgical choice.

Jejunoileal atresia 
Surgery for jejunoileal atresia involves resection of the most dis-
tended proximal bowel and primary anastomosis. A diverting ostomy 
is avoided if possible. As with surgery for duodenal atresia, resection 
or tapering of the proximal dilated segment is occasionally necessary 
to limit the dysmotility that occurs in grossly dilated bowel. The ileo-
caecal valve is preserved if possible because this prevents egress of 
bacteria from the colon into the small intestine with resultant bacterial 
overgrowth and malabsorption. 

Meconium ileus 
Calcification on AXR (see Figure 61.2) indicates that an intestinal per-
foration occurred in utero and spontaneously sealed; if not, the extruded 
meconium is walled off by adjacent intestine to form pseudocysts. 

These babies have meconium peritonitis, and their appearance is 
unmistakable; these are babies who are born with (as opposed to those 
who develop) a distended, erythematous abdomen. 

A laparotomy is undertaken with drainage of the meconium 
pseudocyst and identification of the site of the perforation, which is 
converted to an enterostomy. 

In uncomplicated meconium ileus, an enterostomy with irrigation of 
the bowel contents may successfully loosen the meconium and permit 
its evacuation and facilitate the closure of the enterostomy over a t-tube. 
Postoperatively, after a contrast study shows distal patency, the t-tube 
can be removed for the controlled fistula to close without further need of 
surgery. Rarely, some patients might need an ostomy for diversion and 
access for proximal and distal irrigation with N-acetyl cysteine.

Hirschsprung’s disease 
The treatment of Hirschsprung’s disease is primarily surgical, except in 
instances of enterocolitis. 

Patients with HD are treated with a colostomy near the transition zone 
(level of beginning of dilatation). If histological leveling is not possible 
in emergency cases, a right transverse diverting colostomy is safe. It is 
sometimes difficult to visualise the transition zone in a neonate.

A pull-through procedure is performed after the child is feeding and 
gaining weight or at least 6 weeks after enterocolitis.

Different procedures have been described as one- or two-stage 
procedures and are increasingly performed at a younger age. 

The most recent innovations include minimally invasive techniques, 
such as the transanal pull-through using laparoscopy in cases in which the 
transition zone is not located in the distal sigmoid colon.

Imperforate anus 
Low lesions with fistulous connections to the perianal skin can be 
repaired primarily by anoplasty. 

If the fistula runs from the rectum to the vagina or urethra or urinary 
bladder, the imperforate anus is classified as high, and the infant should 
undergo a colostomy. 

Definitive repair of the imperforate anus is classically performed by 
posterior sagittal anorectoplasty, in which the rectum is situated within 
the striated muscle complex and anal sphincter.7 

The laparoscopic pull-through using three ports has become a 
favoured procedure for high anorectal malformations.

Increasingly, laparoscopic techniques have been used to repair 
the above-mentioned conditions. A good alternative for Africa is the 
minimal approach described by Banieghbal and Beale,8 whereby access 
is gained through the umbilicus. Such an approach leaves a virtually 
unrecognisable scar.

General Postoperative Care 
Modern supportive care in the intensive care unit (ICU) with continu-
ing fluid resuscitation, parenteral nutrition, and respiratory support 
have been the bases for the increased survival rate. In countries where 
parenteral nutrition is not available, transanastomotic tubes have been 
tried with indefinite success for the purpose of early feeding. This 
postoperative management will make all the difference to the survival 
of children in Africa. 

Two weeks after anorectoplasty, serial anal dilatations should start 
by using anal dilators of increasing size. Within Africa, the child 
should be kept hospitalised until the mother is comfortable with 
digital dilatations.

In all of these conditions, the neonatologist and paediatric surgeon 
must work together in a coordinated fashion, allowing the diagnosis 
to be quickly established and therapy to be rapidly implemented. 
In conditions of the intestine that are known to be associated 
with systemic disease, such as duodenal atresia (trisomy 21) and 
meconium ileus (cystic fibrosis), appropriate consultation should 
be obtained early, and the continued involvement of appropriate 
specialists may be warranted long after the baby has recovered from 
the initial hospitalisation. 

Postoperative Complications 
Postoperative complications pertain to factors of
• total parenteral nutrition (cholestasis and hyperalimentation hepatitis);

• central venous access (pneumo/hemothorax, catheter embolus); and

• catheter sepsis.

Postoperative Stricture and/or Adhesions
Anastomotic stricture is a complication after surgery. Postoperative 
adhesions can occur after any laparotomy. They may be caused by 
peritonitis from leaking anastomosis. A recent study of 1,541 children 
who had intestinal surgery showed an adhesion rate of almost 10% in 
the operative site and a rate of approximately 5% elsewhere.9 
Decreased Gut Motility 
Poor motility is often observed following repair of atresias. Chronic 
dilatation of the intestine proximal to the obstruction may alter normal 
peristalsis across that segment of bowel, even after the obstruction has 
been relieved. 
Malabsorption 
Short gut syndrome results when the length of intestine that remains 
postoperatively cannot sustain normal absorption of nutrients. The nor-
mal length of the small bowel in a term infant is approximately 250 cm. 
The estimated minimum jejunoileal length for sufficient bowel function 
in a term infant is around 75 cm. Resection of more than 60% of the 
small bowel or resection that removes crucial anatomic segments, such 
as the ileocaecal valve, predisposes to malabsorption. 

Bacterial overgrowth may contribute to malabsorption and 
subsequent failure to thrive. Probiotics have been shown in some 
studies to normalise bowel flora and improve outcomes. Bowel-
lengthening procedures and hormonal bowel manipulation may 
help wean the patient with short gut syndrome from dependence on 
parenteral nutrition. 
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Title Trends in neonatal intestinal obstruction in a developing 
country, 1996–2005

Authors Ekenze SO, Ibeziako SN, Ezomike UO

Institution Department of Surgery, University of Nigeria Teaching 
Hospital, Enugu, Nigeria

Reference World J Surg 2007; 31:2405–2409

Problem Outcome of neonatal intestinal obstruction is poor in Africa 
compared to the rest of the world.

Intervention Better resources and expertise and referral to a tertiary 
centre may improve results.

Comparison/
control 
(quality of 
evidence)

A comparative analysis was performed involving 128 
consecutive NIO cases managed from January 1996 to 
December 2005 at the University of Nigeria Teaching 
Hospital, Enugu, in southeast Nigeria. Fifty-five (43.0%) 
neonates were managed in the first five years (group A), and 
73 (57.0%) in the last five years (group B). The aetiology 
of obstruction did not vary significantly in the two groups. 
Average duration of symptoms before presentation fell from 
5.9 days (group A) to 4.7 days (group B). With the exception 
of Hirschsprung’s disease, all other cases required operative 
treatment. In HD, the colostomy rate declined from 44.4% 
(group A) to 26.7% (group B). More neonates in group B 
were managed with general anaesthesia and perioperative 
third-generation cephalosporin antibiotics (p = 0.01). Although 
the complication rate did not vary significantly in the two 
groups (group A, 42%; group B, 40.3%), survival improved 
(group A, 61.8%; group B, 72.6%). Earlier presentation, 
improved manpower, and use of potent antibiotics may have 
contributed to the improved outcome.

Outcome/
effect

Challenges in the form of lack of neonatal intensive care 
facilities and dearth of qualified personnel persist. There is 
a trend toward earlier presentation and increased survival of 
babies with NIO. Improving the existing facilities and trained 
manpower, and establishing collaboration with centres that 
have excellent results may further encourage the trend.

Historical 
significance/ 
comments

Survival of neonates in Africa with intestinal obstruction can 
improve from 50% to above 90%, as reported in the well-
resourced part of the world, if the above challenges are met.

Table 61.1: Evidence-based research.Newer techniques, such as the serial transverse enteroplasty 
procedure (STEP), may offer improved bowel function and length in 
some patients. Small bowel transplant, with or without other viscera 
such as liver and pancreas, is being performed in select centres in the 
United States and United Kingdom with varying results. 

Prognosis and Outcomes 
The prognosis for babies with these conditions depends entirely on 
the delay at presentation, appropriateness of resuscitation, operative 
and anaesthetic expertise, and most of all on the postoperative care 
available. Unless there is a neonatal ICU (NICU), outcome is inevita-
bly poor. All efforts in Africa should be spent on improving transport 
to hospital and postoperative care.

Prevention 
The improvement of antenatal care and early transport to a tertiary 
centre may improve the management and outcome of babies with the 
above-mentioned congenital abnormalities. There seems to be some 
evidence that folic acid may decrease the incidence of ARM.

Evidence-Based Research
Table 61.1 presents a comparative analysis of neonatal patients with 
intestinal obstruction in two groups treated during five-year consecu-
tive periods to track the trends in management.

1. Neonatal intestinal obstruction is one of the most common 
neonatal surgical emergencies. 

2. Successful management of NIO depends on timely diagnosis 
and referral for therapy. 

3. The diagnosis is made based on clinical findings of bile-stained 
vomiting, degrees of abdominal distention, and failure to pass 
meconium.

4. Plain radiographs assist in most diagnoses.

5. Radiological contrast and histopathological studies further aid in 
the diagnoses.

6. Catastrophic events such as volvulus, ischaemic loop of bowel, 
pneumoperitoneum, and or pneumonia from aspiration and 
malnutrition, could be overcome through efficient and timely 
resuscitation and urgent transport to a specialised unit. 

7. Outcomes are resource- and expertise-dependent.

Key Summary Points
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Introduction
Congenital duodenal obstruction may be due to intrinsic or extrinsic 
lesions. Intrinsic duodenal obstruction may be caused by duodenal atre-
sia, stenosis, diaphragm with or without perforation, or by a wind-sock 
web or membrane that balloons distally. Extrinsic duodenal obstruction 
may be caused by malrotation with Ladd’s bands or a preduodenal por-
tal vein or annular pancreas. The annular pancreas itself is not believed 
to be the cause of obstruction, as there is usually an associated atresia 
or stenosis in these patients. 

Duodenal obstructions usually occur in the second part of the 
duodenum. They are believed to result from a developmental error 
during early foetal life within the area of intense embryological activity 
involved in the creation of the biliary and pancreatic structures. Thus, 
the obstruction usually occurs at or below the ampulla of Vater.

Duodenal obstruction is associated with prematurity (46%) and 
maternal polyhydramnios (33%).1 In addition, there is a high incidence 
of specific associated anomalies, including Down syndrome (>30%), 
malrotation (>20%), congenital heart diseases (20%), and other 
gastrointestinal tract (GIT) and renal anomalies. Along with prematurity 
and low birth weight, these associated anomalies are known to be 
significant risk factors contributing to mortality in patients with 
duodenal atresia. Of note, the presence of Down syndrome itself does 
not influence the outcome of these babies. 

Demographics
Although detailed statistics are not available in much of Africa, the 
incidence of duodenal obstruction is reported to be 1 in 5,000–10,000 
births in most reports.2 Duodenal obstruction and jejunoileal atresia 
rank among the two most common causes of intestinal obstruction in 
large series in the African population.3

Aetiology
It has been demonstrated that from gestational weeks 5 to 10, the duodenum 
is a solid chord. Intrinsic obstructions result from failure of vacuolization 
and recanalization. An annular pancreas results from fusion of the anterior 
and posterior anlage, forming a ring of pancreatic tissue that surrounds the 
second part of the duodenum. Extrinsic obstructions result from a variety of 
disorders of embryologic development specific to the pathology. 

Clinical Presentation
Prenatal
Duodenal obstruction is readily diagnosed by prenatal ultrasound. 
Antenatal care with prenatal ultrasonography should therefore be offered 
to pregnant women in all circumstances. Duodenal obstruction presents 
up to gestational week 20 with a double-bubble phenomenon due to the 
simultaneous distention of the stomach and the first part of the duode-
num. In more than 30% of cases, maternal polyhydramnios is present, 
and in some cases, serial amniotic aspiration has been reported as neces-
sary. In facilities where ultrasound is not available, a high index of suspi-
cion must be maintained in cases of maternal polyhydramnios. Pregnancy 
can last near to maturity, and spontaneous delivery is usually the case. 

Postnatal Symptoms and Signs
Most women in Africa do not avail themselves of prenatal care, so the 
majority of duodenal obstructions present only after birth. Furthermore, 
because up to 60% of births occur outside health institutions, these 
cases often present very late. The most common presenting features are 
bilious vomiting and feeding intolerance. Dehydration and electrolyte 
depletion rapidly ensue if the condition is not recognized and intrave-
nous therapy is not begun. Aspiration and respiratory failure may fol-
low. Repeated nonbilious vomiting is seen in cases of supra-ampullary 
obstruction (20%). Patients with a web or partial stenosis can survive 
to present in a much delayed fashion.2

Physical signs are nonspecific but can include upper-abdominal 
distention with scaphoid lower abdomen. Additionally, in the 
appropriate clinical context, observation of typical Down syndrome 
features should raise suspicion towards duodenal obstruction as the 
cause for neonatal intestinal obstruction. Finally, a careful physical 
exam should concentrate on recognizing signs of significant congenital 
heart disease (e.g., cyanosis, murmurs), which could complicate 
perioperative management 

Investigation
In tertiary perinatal centres where a prenatal diagnosis has already been 
established, no further diagnostic work-up is typically necessary. 

In doubtful cases or in other settings, a plain abdominal x-ray 
is the key method for diagnosis. An x-ray showing double-bubble 
gas shadows is essentially pathognomonic for duodenal obstruction 
(Figure 62.1). If no double bubble is seen, instillation of 10–15 ml 
of air immediately prior to a plain abdominal radiograph may help 
to demonstrate these findings. In cases of stenosis or perforated 
membranes, air may be seen in the distal GIT. Water-soluble contrast 
radiography is confirmatory, but it is generally needed only in cases of 
incomplete obstruction. Radiographic findings of annular pancreas are 
usually indistinguishable from other forms of duodenal obstruction.

Figure 62.1: Double-bubble sign on plain x-ray. Note the lack of distal gas.
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The most important differential diagnosis is duodenal obstruction 
due to malrotation, resulting in volvulus of the midgut loop or extrinsic 
compression related to Ladd´s bands across the duodenum. When no 
prenatal diagnosis is available, contrast radiography may be helpful to 
differentiate between these entities and can demonstrate the absence of 
the normal C-shaped curve of the duodenum or a classic “bird’s-beak” 
shape secondary to a volvulus. When the diagnosis still remains in 
doubt, prompt laparotomy is warranted because undiagnosed volvulus 
can result in gangrene of the entire midgut within hours.

If available, in cases of incomplete obstruction, oesophagogastro-
duodenoscopy (EGD) can be done to prove the existence of an intrinsic 
obstructing membrane. An endoscopic approach to membrane resection 
can be utilized.

Management
Preoperative Care
The intensity of preoperative care is typically proportionate to the 
time from birth until hospital presentation. Initial therapy consists of 
nasogastric decompression and appropriate replacement of fluid and 
electrolytes. Most of these newborn patients are premature and small 
for their gestational age, so special care must be taken to preserve body 
heat and to avoid hypoglycaemia, especially in cases of very low birth 
weight, congenital heart disease, and respiratory distress syndrome. 
When incubators are unavailable, the “kangaroo” method of nursing 
these children offers the best hope for survival. 
General Intraoperative Considerations
General anaesthesia with endotracheal intubation is required. The most 
commonly utilized incision is a muscle-cutting, transverse, right upper 
quadrant incision. However, some centres are now employing minimal 
access laparoscopic methods for repair of duodenal obstruction. 

A side-to-side duodenoduodenostomy is the standard repair for 
duodenal stenosis, atresia, or obstruction due to a preduodenal portal 
vein. In 1977, Kimura and colleagues described a modification of this 
procedure, known as the diamond-shaped duodenoduodenostomy.4 In 
this technique, a horizontal incision is made across the distal aspect of 
the proximal, dilated bowel, and a lengthwise incision is made along 
the proximal aspect of the distal, small-calibre bowel. This can achieve 
a greater diameter of the anastomosis for better emptying of the upper 
duodenum. In some cases, duodenojejunostomy can be an alternative 
and may afford an easier repair with minimal dissection. The choice of 
surgical procedure is largely based on the preference of the surgeon. 

When an annular pancreas associated with duodenal obstruction is 
encountered (Figure 62.2), the treatment of choice is performance of 
a duodenoduodenostomy between the segments of duodenum above 
and below the area of the ring of pancreas. One should never consider 
division of the pancreatic ring because that could result in a pancreatic 
fistula while the underlying stenosis or atresia of the duodenum would 
remain unchanged.

In the case of an endoluminal membrane, duodenotomy and 
resection of the membrane can be done after localisation of the ampulla 
of Vater. Alternatively, bypass of the membrane can be performed via a 
duodenoduodenostomy, if desired. As seen in Figure 62.3, fenestrated 
membranes may be amenable to an endoscopic approach to resection in 
centres where this facility is available.5

Operative Details
Once the abdomen is entered, the hepatic flexure of the colon is mobil-
ised. The duodenum is adequately mobilized by a Kocher manoeuvre. 
The ligament of Treitz is divided as needed. A transpyloric tube passed 
via the nose or mouth is helpful at this stage. Air or saline can be 
passed into the second part of duodenum to assess the nature and level 
of obstruction. 

The dilated proximal duodenum and collapsed distal duodenum are 
approximated by using stay sutures.

Figure 62.2: Annular pancreas with underlying duodenal stenosis.

Annular pancreas 
across duodenum

Figure 62.3: Endoscopic view of duodenal web before and after endoscopic 
dilatation and fenestration of the membrane.
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For side-to-side anastomosis, interrupted Lembert sutures (4-0 
or 5-0 vicryl or monocryl) start the dorsal part of anastomosis if a 
two-layer closure is desired. A transverse duodenotomy is made in 
the proximal segment, 1 cm above the stenosis, to avoid injury of the 
pancreatico-biliary system. Easy retrograde passage of a tube into the 
stomach rules out a duodenal web proximal to the duodenotomy. A 
parallel incision is made in the distal duodenum. The posterior layer of 
anastomosis is completed by inverting interrupted or continuous sutures 
of 4-0 or 5-0 vicryl or monocryl. A transanastomotic nasoduodenal 
silicone tube can be inserted to allow very early enteral feeding 
beginning at day one or two after surgery. The anterior layer of the 
anastomosis is completed in the same way. A few Lembert sutures may 
be used to complete the anastomosis. 

For diamond-shaped duodenoduodenostomy, a little more 
mobilization is needed to bring the redundant proximal duodenal wall 
down to overlie the proximal portion of the distal segment. Then a 
transverse incision in the proximal and a longitudinal incision in the 
distal duodenum are made. The papilla of Vater is located by gentle 
pressure on the gallbladder. Stay sutures approximate the parts in 
corresponding points, as shown in Figure 62.4, and the remainder of the 
anastomosis and placement of a transanastomotic tube is carried out as 
previously described. Figure 62.5 shows intraoperative photos before 
and after duodenoduodenostomy.

For a duodenal web, the membrane is usually located in the second 
part of the duodenum. Localization of the membrane can be assisted 
by passage of a nasogastric tube (NGT) into the duodenum down to 
the level of the membrane. Care is to be taken to identify the so-called 
wind-sock phenomenon, which refers to a proximally attached, lax 
membrane that bulges into the distal duodenum, making the obstruction 
point appear more distal than it actually is. This can be identified by 
looking for a dimpling of the duodenal wall at the attachment point of 
the membrane more proximal than the distal tip of the NGT. 

For membrane resection, a longitudinal incision is made, bridging 
between the wide and the narrow segments, or at the level of duodenal 
attachment of the membrane in the case of a wind-sock deformity. It 
is important to note that the ampulla of Vater may open directly into 
any membrane or close to it in its posterior-medial part. Therefore, 
identification of the ampulla is mandatory before excision of the 
membrane. Excision begins with a radial incision starting in the central 
ostium and leaving a rim of 1–2 mm of tissue at the duodenal wall. 
Once again, great care is to be taken to avoid damage to the ampulla 
of Vater. The resection line is oversewn with continuous suture vicryl 
5-0. Before closing the duodenum transversely, patency of the distal 
duodenum is to be proven with a small silicon catheter and saline.

Postoperative Considerations and 
Complications

Intravenous infusions are continued for the postoperative period. Using 
a transanastomotic tube laying deep in the jejunum, feeding can be 
started as early as 48 hours postoperatively. Where available, paren-
teral nutrition via a central or peripherally inserted catheter can be very 
effective for longer-term nutritional support if transanastomotic enteral 
feeding is inadequate, not feasible, or not tolerated by the patient. All 
patients have a prolonged period of bile-stained gastric aspirate. This is 
mainly due to the ineffective peristalsis of the distended upper duode-
num. The commencement of oral feeding is dependent upon a decrease 
in the volume of gastric aspirate and is often delayed for up to several 
weeks. Patients who have a severely prolonged return of duodenal 
function and have exceptionally marked dilatation of the proximal 
duodenum may benefit from reoperation and tapering of the proximal 
segment, although this is rare. 

Anastomotic leak, intraabdominal sepsis, and wound complications 
also are rare. 

Figure 62.4: Diamond-shaped duodenoduodenostomy.

Figure 62.5: Intraoperative photo of duodenal atresia before (top) and 
after (bottom) duodenoduodenostomy.
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Title Diamond-shaped anastomosis for duodenal atresia: an 
experience with 44 patients over 15 years

Authors Kimura K, Mukohara N, Nishijima E, Muraji T, Tsugawa C, 
Matsumoto Y

Institution Department of Surgery, Kobe Children’s Hospital, Kobe, 
Japan

Reference J Pediatr Surg 1990; 25(9):977–979

Problem Role of diamond-shaped anastomosis in the treatment of 
duodenal atresia and stenosis.

Intervention Duodenoduodenostomy via diamond-shaped anastomosis.

Comparison/
control 
(quality of 
evidence)

In this retrospective observational study, 44 patients over a 
15-year period were examined for outcome after diamond 
shaped anastomosis. All patients underwent this method of 
repair, so there was no control group. 

Outcome/
effect

In all patients, oral feedings were commenced 3.66 ± 1.4 
days postoperatively (range, 2 to 6). There was no operative-
related mortality. Twenty-one patients had long-term follow-up 
from 6 months to 15 years. All patients had normal body 
weight for their age at last record, and current upper GI 
contrast study (done in 19 of 21 patients) revealed normal 
calibre of duodenum and anastomosis in all studied cases.

Historical 
significance/ 
comments

This study, reported by the originator of the diamond-
shaped anastomosis, states the efficacy of this technique in 
duodenal atresia. Given the relative rarity off the disorder, 
this report offers a substantial collection of patients with a 
prolonged follow-up period. Although a comparison group 
who underwent traditional side-to-side anastomosis was not 
included here, the results compare favorably to previously 
published reports of side-to-side anastomotic techniques.    

Because of its technical ease and its potential to allow 
early recovery of enteral function without excessive late 
complications, this technique may be of particular use in 
undeveloped regions where opportunity for follow-up care 
is limited.

Table 62.1: Evidence-based research.Prognosis
Although prognosis of intestinal atresia in general is good, an overall 
mortality of 7% for duodenal obstruction is shown in large series.6 

Associated congenital anomalies are identified as an independent risk 
factor for an impaired clinical course. Low birth weight and the prob-
lems of prematurity further increase mortality risk.

The morbidity and mortality of neonatal intestinal obstruction 
is higher in Africa (40%) than in developed countries and is most 
likely due to late patient presentation and poor neonatal intensive care 
facilities available in many countries in the continent.3

Conclusion
The morbidity and mortality of intestinal obstruction can be improved 
with earlier referral to specialty centres and with meticulous resuscitation 
before surgery. Duodenoduodenostomy or duodenotomy with membrane 
resection in the appropriate circumstance are the typical operations of 
choice and produce good results with minimal short- or long-term oper-
ative-related morbidity. Problems of late presentation and poor neonatal 
intensive care facilities constitute the basis for the variance in outcomes 
in Africa when compared to those in developed countries.7

Nevertheless, even in Europe and North America, the outcome for 
children with duodenal obstruction is basically influenced by the degree 
of prematurity and the presence of associated anomalies. 

Evidence-Based Research
Table 62.1 is an observational 15-year retrospective study of the use of 
diamond-shaped anastomosis for duodenal atresia.

1. Obstructions of duodenum can be intrinsic or extrinsic.

2. There is a high incidence of prematurity and associated anomalies, 
including cardiac and renal defects as well as Down syndrome.

3. Prenatal ultrasound can be very helpful and may reveal 
maternal polyhydramnios or a “double-bubble”.

4. Physical signs are nonspecific but can include upper-
abdominal distention with scaphoid lower abdomen. 

5. The most important differential diagnosis to consider is 
duodenal obstruction due to malrotation, resulting in volvulus of 
the midgut loop

6. Postnatal plain radiograph revealing a double bubble (distended 
stomach and proximal duodenum) without evidence of distal gas 
in the appropriate clinical setting is essentially pathognomic for 
duodenal atresia.

7. Repair for all forms of duodenal obstruction can be 
accomplished through side-to-side or diamond-shaped 
anastomosis proximal and distal to the obstruction. Additionally, 
duodenal webs can be approached through partial resection of 
the membrane itself.

Key Summary Points
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Intestinal Atresia and Stenosis
Alastair J. W. Millar
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Introduction 
Atresias of the jejunum and ileum are common causes of bowel 
obstruction in the neonate, with a third of infants born prematurely or 
small for their gestational age. Stenoses are much less common and sel-
dom present in the newborn period due to delay in diagnosis. Whereas 
these conditions are associated with excellent prognoses in developed 
countries, delayed presentation and limitations in resources to support 
patients with delayed return of intestinal function contributes to overall 
lower survival rates in many African countries.1–4 Early recognition and 
proper surgical management are vitally important to improving survival 
in countries with limited access to health care resources. 

Demographics 
The incidence of intestinal atresia in the United States is approximately 1 
in 3,000 live births, but may be more frequent in Africa, with a reported 
incidence of less than 1 in 1,000 live births, with types III and IV (see 
next section) comprising 35% of the total number. Two reports from 
Nigeria1,2 have shown that intestinal atresias are less common than 
imperforate anus, but occur with similar frequency to Hirschsprung’s 
disease. Published reports suggest a higher prevalence of jejunoileal 
atresia among African American children in the United States,5 but no 
racial predilection has been identified by authors from African countries. 
Nearly all infants with intestinal atresias develop symptoms within hours 
after birth. However, several publications have documented that neonates 
in African countries often do not reach definitive medical care for several 
days.2,4 Unlike atresias, many patients with intestinal stenoses are not 
diagnosed until well beyond the neonatal period. 

Aetiology/Pathophysiology 
Our present understanding of the aetiology of intestinal atresias is based 
upon the classic experimental work of Louw and Barnard reported in 
1955.6 These investigators observed that ligating mesenteric vessels and 
causing strangulated obstruction in foetal dogs resulted in atretic lesions 
of the small intestine that were similar to those observed clinically in 
human neonates. Thus, atresias and stenoses of the small intestine are 
believed to be due to an ischaemic insult. This aetiologic mechanism 
explains the frequent association of atresias with mesenteric defects 
and with other conditions that may cause strangulated obstruction of 
the intestinal tract (e.g., volvulus, intussusception, internal hernias, and 
gastroschisis). An ischaemic aetiology may also explain why intestinal 
atresia is associated with maternal smoking and vasoconstrictor drug 
exposure during pregnancy. 

The morphological classification into four types has both prognostic 
and therapeutic implications (Figure 63.1):
• Stenoses occurs in 11%.

• Type I atresia (23%) is a transluminal septum with proximal dilated 
bowel in continuity with collapsed distal bowel. The bowel is usually 
of normal length. 

• Type II atresia (10%) involves two blind-ending atretic ends separated 
by a fibrous cord along the edge of the mesentery with mesentery intact.

• Type IIIa atresia (15%) is similar to type II, but there is a mesenteric 
defect and the bowel length may be foreshortened.

• Type IIIb atresia (19%) (“apple peel” or “Christmas tree” deformity) 
consists of a proximal jejunal atresia, often with malrotation with 
absence of most of the mesentery and a varying length of ileum 
surviving on perfusion from retrograde flow along a single artery 
of supply. 

• Type IV atresia is a multiple atresia of types I, II, and III, like a string 
of sausages. Bowel length is always reduced. The terminal ileum, as 
in type III, is usually spared. 
The immediate consequence of an atresia is dilatation of the bowel 

for a variable distance proximal to the first occlusion encountered. This 
dilated bowel, even when the obstruction is relieved by resection and 
anastomosis or stoma formation, remains dilated, having inefficient 
prograde peristalsis. Surgical strategies to overcome this include back 
resection of this bowel to a normal-calibre intestine or reduction in 
diameter by various tapering manoeuvres.

Source: Grosfeld JL, et al. Operative management of intestinal atresia and stenosis based on 
pathological findings. J Pediatr Surg 1979; 14:368.

Figure 63.1: Classification of intestinal atresia (see text for explanation of types 
I–IV).
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History
Clinical Presentation
Intestinal atresias in Africa are usually not diagnosed prenatally. 
However, atresias of the proximal jejunum are frequently associated 
with polyhydramnios. Therefore, many of these patients are born pre-
maturely and often are small for their gestational age, the latter due to 
inability to absorb nutrients from the amniotic fluid in patients with 
proximal intestinal obstructions.7

Intestinal atresia should be suspected in any newborn showing 
evidence of bowel obstruction (bilious vomiting, abdominal distention, 
and failure to pass meconium). Aspiration of >25 ml of fluid from the 
stomach via a nasogastric tube (NGT) is very suggestive of obstruction. 
Antenatal ultrasound scanning may show dilated loops of bowel with 
vigorous peristalsis, which is diagnostic of obstruction. Polyhydramnios 
may develop but it is more commonly seen in duodenal and oesophageal 
obstructions. The more distal the atresia, the more generalized the 
abdominal distention. After aspiration of gastric contents, the abdomen 
will be less distended and visible peristalsis may be observed. There is 
usually a failure to pass meconium, and typically small-volume gray 
mucoid stools are passed. Abdominal tenderness or peritonitis develops 
only with complications of ischaemia or perforation. This commonly 
occurs with a delay in diagnosis and is due to increased intraluminal 
pressure from swallowed air and secondary volvulus of the bulbous 
blind-ending bowel at the level of the first obstruction.
Physical Examination
Findings on physical examination are frequently not very revealing. 
Most patients will have some degree of abdominal distention. The 
amount of distention will vary, depending upon the level of obstruction. 
Patients generally do not have abdominal tenderness or an abdominal 
mass. Therefore, the presence of these findings suggests a complicated 
obstruction associated with ischaemia or prenatal perforation, or that 
the cause of obstruction may be malrotation with midgut volvulus. 

Investigations 
In most patients, a simple abdominal x-ray with anteroposterior (AP) 
and either cross-table or left lateral decubitus projection are adequate to 
make the diagnosis based upon the presence of dilated, air-filled intesti-
nal loops and air-fluid levels (Figure 63.2). In addition, plain abdominal 
x-rays will suggest the level of obstruction based upon the number of 
dilated bowel loops. The presence of multiple dilated bowel loops with-
out air-fluid levels suggests the possibility of meconium ileus, particu-
larly if the intestinal content has a “ground glass” appearance. A single 
very dilated loop with a large fluid level is often indicative of atresia.

The differential diagnosis includes other causes of intestinal 
obstruction in the neonate. In patients with evidence of a proximal 
complete obstruction, the differential diagnosis is limited and no 
additional diagnostic studies are required. In patients with multiple 
dilated bowel loops, suggesting a distal obstruction, the differential 
diagnosis includes several conditions for which surgical intervention 
may not be required. Therefore, in these patients a contrast enema 
may be helpful to look for evidence of a meconium plug or meconium 
ileus, which may respond to nonoperative management. In addition, a 
contrast enema may demonstrate findings suggestive of Hirschsprung’s 
disease, which would direct initial management towards obtaining 
confirmatory tests for this disease. A contrast enema showing a patent 
colon is helpful in that demonstration of colonic patency by injection 
of saline at operation—a sometimes tedious procedure—is not required 
(Figure 63.3).

In patients with intestinal stenoses, plain abdominal x-rays may 
demonstrate proximal bowel dilatation; however, in most patients a 
gastrointestinal contrast meal or enema is required to confirm and 
locate the site of partial obstruction. 

Figure 63.2: Abdominal radiograph showing several dilated gas-filled bowel 
loops in a jejunal atresia.

Figure 63.3: Contrast enema showing normal colon with dilated proximal small 
bowel in an infant with jejunal atresia. 

Management 
All patients should receive judicious fluid hydration prior to operative 
intervention. In addition, a nasogastric or orogastric tube should be 
passed to empty the stomach and decrease the risk of vomiting with 
aspiration. In general, patients with intestinal atresias have a low risk 
of associated cardiac anomalies, so that preoperative special investiga-
tion is not required unless the patient has clinical evidence of a serious 
cardiac defect. 
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At exploration, the site of the most proximal atresia is readily 
identified as the site of marked change in intestinal calibre. The outer 
wall of the intestine at the site of obstruction may appear intact or 
there may be an associated defect in continuity of the intestine and the 
mesentery (Figure 63.4). Generally, surgical treatment requires excision 
of the ends of the intestine involved in the atresia. It is also important 
to look for distal sites of obstruction, which can occur in up to 20% 
of patients and may not be immediately obvious due to lack of calibre 
change beyond the proximal atresia. These distal points of obstruction 
can be identified by flushing the distal intestinal lumen with saline to 
confirm intestinal continuity to the level of the rectum.

After resection of the atretic segment, the surgeon is faced with 
the difficult task of re-establishing continuity between intestinal 
segments with marked size discrepancies. Another consideration is the 
potential dysmotility of the proximal markedly dilated segment, which 
may result in delayed intestinal function and problems with bacterial 
overgrowth. Therefore, in patients with a relatively short segment of 
severely dilated proximal intestine, resection of the dilated segment 
with re-establishment of continuity by end-to-end anastomosis is a 
good option. However, in patients with long segments of proximal 
intestine that are significantly dilated, resection of the whole involved 
segment may result in inadequate remaining intestinal length to allow 
absorption of enteric nutrients (i.e., short bowel syndrome). Therefore, 
these patients frequently are treated by either imbrication or tapering 
enteroplasty of the proximal dilated segment. To date, no randomized 
studies have compared the outcomes for patients with intestinal atresias 
with or without the addition of an enteroplasty or plication. In patients 
for whom the atresia is just distal to the duodenojejunal flexure, it 
may be advantageous to resect the dilated bowel, derotate, and taper 
the duodenum with primary anastomosis. This facilitates passage of a 
transanastomotic feeding tube and early restoration of foregut function. 
The total residual length of bowel should be measured with a tape and 
recorded, as this gives some guidance as to prognosis.

Patients who have multiple atresias (type IV) or an apple-peel 
deformity (type IIIb) present particularly challenging management 
problems (Figures 63.5 and 63.6). These patients may require multiple 
anastomoses and frequently will experience long-term delays in return 
of intestinal function. In addition, many of these patients will have short 
bowel syndrome due to inadequate residual intestinal length. In general, 
the formation of stomas is unnecessary and should be avoided because 
dilated bowel does not reduce in caliber, and fluid and electrolyte losses 
may be severe.

Postoperative Complications 
The most common postoperative complication is a functional obstruc-
tion at the site of anastomosis. Unfortunately, this complication may be 
due to the underlying intestinal dysmotility associated with this anoma-
ly and may not be preventable by changes in surgical technique. Other 
less commonly observed complications include anastomotic leak and 
adhesive obstructions. Obstructions due to missed distal unrecognized 
atresias should not occur and can be prevented by proper evaluation at 
the time of the initial operation. 

Prognosis and Outcomes 
Most patients with intestinal atresia do not have associated life-threat-
ening anomalies. Therefore, the primary factor that impacts mortality 
is the ability to support the nutritional needs of the patient during the 
postoperative period while awaiting adequate bowel function to allow 
enteral alimentation. In centres where parenteral nutritional support is 
feasible, these patients can be supported for prolonged periods of time 
while awaiting gastrointestinal function. However, in centres without 
these resources, patient mortality will be higher and primarily attribut-
able to malnutrition. The judicious use of nasojejunal or gastrostomy 
transanastomotic feeding tubes for enteral feeding may be life saving. 

Figure 63.4: Type I jejunal atresia. Membrane occlusion without mesenteric 
defect or loss of intestinal length.

Figure 63.5: Type IIIb atresia (apple peel deformity). Note proximal jejunal atresia, 
malrotation, and mesenteric defect with a single artery of supply from the middle and right 
colic vessels with significant loss of intestinal length. 

Figure 63.6: Type IIIb atresia with antenatal volvulus of the “apple peel” leading 
to short bowel. 



388 Intestinal Atresia and Stenosis

Title Jejuno-ileal atresia and stenosis

Authors Rode H, Millar AJW

Institution Red Cross Children’s Hospital, Cape Town, South Africa

Reference In: Prem Puri, ed. Newborn Surgery, 2nd ed. Arnold, 2003, 
Pp 445–456

Problem Late presentation of jejunoileal atresia and stenosis in Africa.

Intervention Surgery is curative if presentation is early enough.

Comparison/
control 
(quality of 
evidence)

Before 1952, the mortality for jejunoileal atresia alone was 
90%. Between 1952 and 1955, the mortality was 80% 
when primary anastamosis was performed without bowel 
resection. Between 1955 and 1958, the mortality decreased 
to 22% due to liberal resection of the dilated loop and 
primary anastomosis. From 1959 to 2000, the mortality has 
decreased to 10%. Factors contributing to mortality were type 
III atresia, proximal bowel infarction, peritonitis, anastomotic 
leaks, missed distal atresias, short bowel syndrome, sepsis, 
and human immunodeficiency virus (HIV) infection.

Outcome/
effect

The survival rate is more than 90% in well-resourced 
countries, but 40–50% in Africa, where no nutritional support 
is available and presentation is late.

Historical 
significance/ 
comments

No advancement on vascular theory for aetiology. A variant of 
multiple intestinal atresias may have a familial/genetic cause.

Table 63.1: Evidence-based research.

1. Intestinal atresia may occur at any level of the gastrointestinal 
tract.

2. Small bowel atresia in most cases is due to an antenatal 
ischaemic insult to a segment of intestine. Resorption of the 
infarcted segment leads to occlusion of the lumen, with a 
varying degree of dilatation of the proximal blind end.

3. One-third of infants with intestinal atresia are born prematurely.

4. Differential diagnoses include midgut volvulus, meconium ileus, 
extensive aganglionosis, and intussusception.

5. The primary surgery for intestinal atresia consists of a 
generous back resection of the bulbous blind end and an end-
to-end anastomosis.

6. Outcomes are generally good if sufficient bowel length 
remains.

7. Stomas should be avoided.

8. The mortality rate depends on birth weight, residual bowel 
length, the degree of dysmotility, associated anomalies, and 
septic complications.
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Prevention 
Unfortunately, there are no options at present for prevention because 
these anomalies are usually not recognized prior to birth.

Ethical Issues 
In resource-poor regions without recourse to intensive care and par-
enteral nutrition, infants with ultra-short bowel resulting from con-
genital atresia may have to be managed conservatively. Discussion 
around parental expectations and centre outcomes should be part of 
the informed consent. Nursing staff and other caregivers should also 
be party to the decision-making process. Withdrawal of treatment that 
is thought to be futile is often difficult to institute. If there are choices 
to be made based on allocation of limited resources, then infants with 
the potential for good outcomes may be given preference for meagre 
resources. However, it is only the infrequent case of intestinal atresia 
that develops intestinal failure, and with prompt operation and preser-
vation of as much functioning bowel as possible, prognosis should be 
excellent.

Evidence-Based Research
Table 63.1 presents a study of the change in mortality rates from jeju-
noileal atresia and stenosis over a nearly 50-year period.
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Introduction
Vitelline duct or omphalomesenteric duct anomalies are secondary 
to the persistence of the embryonic vitelline duct, which normally 
obliterates by weeks 5–9 of intrauterine life. These anomalies occur in 
approximately 2% of the population and may remain silent throughout 
life, or may present incidentally sometimes with an intraabdominal com-
plication. Although Meckel’s diverticulum is the most common vitelline 
duct anomaly (Figure 64.1(G)), a patent vitelline duct (Figure 64.1(A)) 
is the most common symptomatic presentation in developing countries.1

Demographics
The most frequent malformation is Meckel’s diverticulum, with an 
incidence of 2–3% of the population, but it is one of the most unlikely 
to cause symptoms. About 4% of children with a Meckel’s diverticulum 
develop symptoms, and more than 60% of those who develop symp-
toms are younger than 2 years of age.2–5 The male-to-female complica-
tion rate ratio is about 3:1.3

Embryology
During week 3 of gestation, the midgut is open into the yolk sac, which 
does not grow as rapidly as the rest of the embryo. Subsequently, by 
week 5, the connection with the yolk sac becomes narrowed and is 
then termed a yolk stalk, vitelline duct, or omphalomesenteric duct. 
Normally, the vitelline duct disappears by gestational week 9, just 
before the midgut returns to the abdomen. Persistence of some portion 
of the vitelline duct results in a number of congenital anomalies, of 
which Meckel’s diverticulum is the most common. This anomaly is 
variable in length and location, but most often it is observed as a 1–5 
cm intestinal diverticulum projecting from the antimesenteric wall of 
the ileum within 100 cm of the caecum. It possesses all three layers 
of the intestinal wall and has its own blood supply. The connection in 
a patent vitelline duct is usually to the ileum, but less commonly may 
be to the appendix or colon.1 In other cases, part of the vitelline duct 
within the abdominal wall persists, forming an open omphalomes-
enteric fistula, an enterocyst, or a fibrous band connecting the small 
bowel to the umbilicus.2–7

Pathophysiology
Vitelline duct malformations comprise a wide spectrum of anatomic 
structures, depending on the degree of involution of the vitelline duct. 
The most common anomaly is Meckel’s diverticulum, described as 
being 60 cm from the ileocaecal valve, 2 cm in diameter, 3 cm in length, 
and not attached to the abdominal wall. Most complications of these 
abnormalities are related to ectopic tissue (gastric, pancreatic, colonic, 
endometriosis, or hepatobiliary).7

Ectopic gastric tissue usually causes bleeding from ulceration of 
the adjacent ileal mucosa. The ileal mucosa is not equipped to buffer 
the acid produced by the ectopic gastric mucosa and thus is prone to 
ulceration. The site of the ulceration is most often at the junction of the 
normal ileal mucosa and the ectopic gastric mucosa. Some studies have 
shown a very low colonisation rate with Helicobacter pylori in children 
with ulcerative bleeding of Meckel’s diverticulum.3

Intestinal obstruction may be caused by a Meckel’s diverticulum 
attached to the umbilicus by a fibrous cord or by a fibrous cord between 
the ileum and the umbilicus. This may lead to a volvulus around 
the fibrous cord. A persistent vitelline artery, an end artery from the 
superior mesenteric artery, may cause obstruction and volvulus. Bowel 
obstruction can also occur by intussusception with the diverticulum 
as a lead point or by herniation or prolapse of the bowel through a 
patent omphalomesenteric fistula (with a characteristic “ram’s horn” 
appearance).5 Obstruction may be caused by phytobezoar.6,7

Figure 64.1: Remnants of the omphalomesenteric duct: (A) patent vitelline duct; (B) 
patent vitelline duct covered by skin; (C) Meckel’s diverticulum with fibrous cord; 
(D) cyst with fibrous cord; (E) cyst; (F) fibrous cord; (G) Meckel’s diverticulum.
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Like the appendix, a Meckel’s diverticulum can become inflamed 
when the lumen is obstructed, resulting in decreased mucosal perfusion, 
tissue acidosis, and bacterial invasion of the wall. This can lead to 
progressive inflammation, with tissue gangrene and perforation. It is 
possible that the gastric or pancreatic mucosa contributes to the luminal 
obstruction, or the gastric mucosa can lead to ileal mucosal ulceration 
first, which facilitates bacterial invasion. Rarely, foreign bodies and 
parasites may be trapped within the diverticulum and cause obstruction 
of the diverticulum as does an enterolith.7,8 Diverticular torsion leads to 
secondary ischaemia and inflammatory change.7

Anomalies of the omphalomesenteric duct can result in umbilical 
drainage from granulation tissue. Other anomalies include a duct extending 
to the umbilicus but covered with skin (Figure 64.1(B)); diverticulum 
attached to the umbilicus with a fibrous cord (Figure 64.1(C)), Littre’s 
hernia, and intraabdominal cystic mass (Figure 64.1(D,E)). 

Some tumours can be found in ectopic tissues, such as nesidioblastosis 
in ectopic pancreas tissue of a Meckel’s diverticulum or tumours such 
as carcinoid, leiomyoma, neurofibroma, and angioma.6–9

Associated congenital anomalies include cardiac defects, congenital 
diaphragmatic hernia, duodenal atresia, esophageal atresia, imperforate 
anus, gastroschisis, malrotation, omphalocele, Hirschsprung’s disease, 
and Down syndrome.

Clinical Presentation
The clinical presentation of vitelline duct abnormalities is variable and 
depends on the configuration of the remnant of the vitelline duct and 
whether it contains ectopic gastric or pancreatic tissues. In developed 
countries, the main forms of presentation are haemorrhage in 40–60%, 
obstruction in 25%, diverticulitis in 10–20%, and umbilical drainage.3–5

The classic presentation is an older infant or young child with 
painless rectal bleeding. This usually consists of a large volume 
of bright red bleeding but can occasionally also present as dark, 
tarry stools in small amounts. The bleeding is often massive and 
frequently requires transfusion. Melena may be episodic and usually 
ceases without treatment; sometimes the melena is insidious and not 
appreciated by the family. In a young child with haemoglobin positive 
stools and a chronic iron deficiency anaemia, the diagnosis of Meckel’s 
diverticulum should be considered.

Intestinal obstruction, usually due to intussusception, is the most typical 
presentation in newborns and infants. The symptoms include crampy 
abdominal pain, bilious vomiting, currant-jelly stools, and abdominal 
distention. Intestinal obstruction may also be caused by a volvulus or 
arterial band. Because the volvulus usually involves the distal small bowel 
and the obstruction is most often a closed loop, there may be little emesis 
until late in the course. The sequelae of intestinal ischaemia, such as 
acidosis, peritonitis, and shock, may occur first, and can be fatal in infants. 

Patients with Meckel’s diverticulitis often have symptoms that 
resemble appendicitis. They are usually older children. Periumbilical 
pain is the first symptom. They usually do not have the same amount or 
intensity of vomiting and nausea as do children with appendicitis. On 
physical examination, their point of maximal tenderness may migrate 
across the abdomen as the child moves. About the same percentage of 
patients with diverticulitis will present with perforation. A perforated 
Meckel’s diverticulum is potentially more serious than a perforated 
appendix because the former is more difficult to wall off due to its 
more mobile position. This may explain why perforated diverticulitis 
is more likely to result in diffuse peritonitis and pneumoperitoneum 
detectable on abdominal radiographs. For this reason, it is imperative to 
search carefully for a perforated Meckel’s diverticulum as the cause of 
peritonitis when no inflamed appendix is discovered at appendectomy. 

Other types of symptomatic omphalomesenteric duct malformations 
can result in umbilical drainage as well. The quantity and character 
of the drainage may indicate the origin of the lesion. Clear drainage 
or yellowish drainage signifies a probable urachal anomaly, whereas 

an omphalomesenteric duct remnant manifests as faeculent drainage 
(Figure 64.2). The most common umbilical lesion is an umbilical 
granuloma, which secretes a mucoid material. If the drainage persists 
despite cauterization of the presumed granuloma with silver nitrate, 
or if the drainage is copious, imaging studies are indicated. Prolapse 
of the ileum into the duct at the anterior abdominal wall presents as a 
discoloured, mucosa-covered mass situated at the umbilicus.

Diagnosis
Diagnosis of a symptomatic vitelline duct malformation is dependent 
on the anatomic configuration and its presentation, signs, and symp-
toms. History and physical examination are important for the diagnosis. 
Some abnormalities are evident on physical examination (faecal fistula, 
prolapse of ileum through a patent duct, and umbilical granulation tis-
sue with a small fistula). A fistulogram may be necessary to identify the 
part of the intestine involved preoperatively.

A complete description of the quality and frequency of the bloody 
stools is necessary in patients with rectal bleeding. Rectal examination 
and lower endoscopy is useful to identify other causes of lower bleeding 
(polyps and rectal tears). The test of choice for a bleeding Meckel’s 
diverticulum is a technetium-99m pertechnetate isotope scan (Meckel 
scan), which preferentially concentrates the isotope in ectopic gastric 
mucosa. The specificity of scintigraphy is 95%, but the sensitivity is 
85%.7 A negative scan result does not, however, exclude a bleeding 
Meckel’s diverticulum. Capsule endoscopy has proven to be of diagnostic 
value in some cases of bleeding Meckel’s diverticulum, but the reports 
are very few. These tests are rarely available in developing countries. The 
best diagnostic test may be a laparotomy to visually look for a Meckel’s 
diverticulum in children with unexplained rectal bleeding.

If obstruction from either intussusception or volvulus is suspected, 
plain x-rays may reveal dilated bowel loops and multiple air-fluid 
levels. An air enema or upper gastrointestinal study with small bowel 
follow-through is suggestive. Ultrasonography remains fairly reliable 
to diagnose intussusception.

A sinogram will exclude intestinal communication in umbilical 
sinuses, and abdominal ultrasonography should localise a cyst.1 
Inflammatory symptoms are similar to those of appendicitis and are 
diagnosed clinically.

Treatment
Symptomatic children with omphalomesenteric duct remnants should 
be resuscitated before intervention. Those with significant haemor-
rhage should be transfused. Patients with obstructive symptoms should 
be resuscitated as rapidly as possible to obviate the need for ischaemic 
bowel resection. The incision chosen varies with the symptoms and 
the age of the patient. Children with faeculent umbilical drainage (see 
Figure 64.2) or prolapse of the omphalomesenteric duct remnant can be 
explored by a small infraumbilical incision.

Figure 64.2: (A) Patent vitelline duct; (B) vitello-intestinal communication.
(A) (B)
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Children with Meckel’s diverticulitis or a bleeding Meckel’s 
diverticulum are operated on by using a transverse appendectomy 
incision with medial extension if necessary. Patients with suspected 
intestinal obstruction should be explored through a generous 
laparotomy incision. 

An open diverticulectomy includes the following steps: 
1. A transverse appendectomy incision or subumbilical incision is made.
2. The caecum and ileum are identified.
3. The ileum is followed proximally to find Meckel’s diverticulum, 
approximately 60 cm from the ileocaecal valve.
4. The diverticulum with the ileum are delivered into the wound.
5. The diverticulum is excised with the adjacent ileum and primary 
ileal end-to-end anastomosis is fashioned.

In developed countries, some surgeons use linear staplers applied 
to the base of the anomaly, allowing complete amputation of the 
diverticulum without narrowing the lumen of the ileum. When 
ectopic gastric or pancreatic tissues are present near the base of the 
diverticulum, or if the base is wide, inflamed, or perforated, resection 
of the involved ileum is required with an end-to-end anastomosis.2–5,10 
If perforation has occurred, thorough peritoneal toileting is done after 
segmental ileal resection. The use of laparoscopy for resection of 
Meckel’s diverticula has been reported by many authors.11

Controversy exists about what should be done when a Meckel’s 
diverticulum is encountered during a laparotomy for unrelated 
symptoms. The debate focuses on the probability of the Meckel’s 
diverticulum becoming symptomatic in the future weighed against the 
possibility of complications associated with resection.2,4,5,7,10–13 Lesions 
with palpable ectopic mucosa (the consistency of gastric or pancreatic 
tissue differs sharply from that of ileal, jejunal, or colonic mucosal 
lining), a prominent vitelline artery, a fibrous vitelline artery remnant, 
evidence of inflammation, or a narrow base may all increase the chance 
of bleeding, obstruction, or diverticulitis and should be resected when 
encountered. In patients who have abdominal pain, it is prudent to 
resect a discovered diverticulum or any lesion with attachments to 
the umbilicus (to prevent ileal volvulus). Some authors suggest that 
resection of asymptomatic vitelline remnants in early childhood is 
reasonable at the time of laparotomy for other conditions.10–13 In 
developing countries incidental Meckel’s diverticulum should be 
removed in children to prevent later complications. If the diverticulum 
is left in place, it is imperative to alert the patient’s family and 
the primary care physician about the presence of the lesion and its 
possible symptoms.

Title Incidentally detected Meckel diverticulum: to resect or not 
to resect?

Authors Zani A, Eaton S, Rees CM, Pierro A

Institution Department of Paediatric Surgery, Institute of Child Health, 
London, England

Reference Ann Surg 2008; 247(2):276–281

Problem The management of incidentally detected Meckel’s 
diverticulum (MD) remains controversial.

Intervention The aims of this paper were to establish the prevalence of 
MD, and the morbidity and mortality due to MD.

Comparison/
control 
(quality of 
evidence)

The prevalence of MD is 1.2%, and historical mortality of 
MD was 0.01%. The current mortality from MD is 0.001%. 
The number of MD resections per year per 100,000 
population decreased significantly after the paediatric age 
range (P < 0.001). Resection of incidentally detected MD 
has a significantly higher postoperative complication rate 
than leaving it in situ (P < 0.0001). The long-term outcome 
of patients with incidentally detected MD left in situ showed 
no complications. To prevent one death from MD, 758 
patients would require incidentally detected MD resection.

Outcome/
effect

The prevalence of MD is 1.2%, and historical mortality of 
MD was 0.01%. The current mortality from MD is 0.001%. 
The number of MD resections per year per 100,000 
population decreased significantly after the paediatric age 
range (P < 0.001). Resection of incidentally detected MD 
has a significantly higher postoperative complication rate 
than leaving it in situ (P < 0.0001). The long-term outcome 
of patients with incidentally detected MD left in situ showed 
no complications. To prevent one death from MD, 758 
patients would require incidentally detected MD resection.

Historical 
significance/ 
comments

MD is present in 1.2% of the population, it is a very rare 
cause of mortality, and it is primarily a disease of the young. 
Leaving an incidentally detected MD in situ reduces the 
risk of postoperative complications without increasing late 
complications. A large number of MD resections would need 
to be performed to prevent one death from MD. The above 
evidence does not support the resection of incidentally 
detected MD, in developed countries.

Table 64.1: Evidence-based research.

1. A patent vitelline duct with umbilical faecal drainage is the 
most symptomatic presentation of vitelline duct anomalies in 
developing countries.

2. In developed countries, the main forms of presentation are 
haemorrhage in 40–60%, obstruction in 25%, diverticulitis in 
10–20%, and umbilical drainage. 

3. The most common umbilical lesion is an umbilical granuloma, 
which secretes a mucoid material. 

4. If the umbilical drainage persists despite cauterization of the 
presumed granuloma with silver nitrate, or if the drainage is 
copious, imaging studies are indicated.

5. In African children, an incidental Meckel’s diverticulum must be 
resected because of the difficulties to rapidly access paediatric 
surgical heath facilities in case of complications. 

6. Resection of asymptomatic vitelline remnants in early childhood 
at the time of laparotomy or laparoscopy for other conditions is 
indicated.

7. When ectopic gastric or pancreatic tissues are present near 
the base of the diverticulum, or if this base is wide, inflamed, or 
perforated, resection of the involved ileum is required with an 
end-to-end anastomosis.

8. If the indication of diverticulectomy is bleeding, then segmental 
ileal resection should be performed.

Key Summary Points

Postoperative Complications
Postoperative complications are generally the same as that of other 
operations: bleeding, infection, intraabdominal abscess formation, 
wound dehiscence, incisional hernia, and postoperative adhesive intes-
tinal obstruction. 

Evidence-Based Research
The study presented in Table 64.1 is a systematic review that addresses 
the management of incidentally detected Meckel’s diverticulum.
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CHAPTER 65

Intestinal Malrotation and 
Midgut Volvulus

Johanna R. Askegard-Giesmann
Christopher C. Amah

Brian D. Kenney

Introduction
Malrotation is a spectrum of anatomic abnormalities of incomplete 
rotation and fixation of the intestinal tract during foetal development. 
Disorders of intestinal rotation and fixation are of paramount impor-
tance to the paediatric surgeon because they are most commonly seen 
in infancy and childhood and can have catastrophic consequences when 
midgut volvulus occurs. Early diagnosis and surgical treatment of this 
disorder can be life saving. 

Demographics
Malrotation is thought to occur in approximately 1 in 500 live births.1,2 
The exact incidence is not known because many patients may live their 
entire lives without experiencing problems or consequences from their 
malrotation. Approximately 80% of patients with malrotation will pres-
ent within the first month of life, and of those, most will present within 
the first week of life.1–4

Embryology/Pathophysiology
Embryology
The adult midgut extends from the second portion of the duodenum 
to the proximal third of the transverse colon, and is derived from the 
embryologic midgut loop. The normal development of the human 
intestine involves two processes: rotation of the midgut and the sub-
sequent fixation of the colon and mesentery. These processes occur in 
three stages. 

Stage 1 consists of umbilical cord herniation, lasting from 
approximately weeks 5 to 10 of embryonic development. The midgut 
lengthens disproportionately during this period and undergoes rotation 
around the superior mesenteric artery (SMA) axis for a total of 270° 
in the counterclockwise direction. Stage 2 is the return of the midgut 
loop back into the abdomen; it occurs at approximately weeks 10 to 11. 
As the intestines re-enter the abdominal cavity, the cephalad midgut 
completes its 270° counterclockwise rotation as the caudad midgut 
also completes its rotation, resulting in the duodenum coursing inferior 
and posterior to the SMA and the caecum located in the right lower 
quadrant. When completed, this rotation ensures that the attachment 
of the base of the midgut loop is spread along a diagonal stretching 
from the ligament of Trietz on the left upper quadrant to the ileocecal 
junction in the right lower quadrant of the abdomen. Stage 3 is the 
period of fixation, and lasts from the end of stage 2 until just after 
birth. The descending and ascending colon mesenteries fuse with the 
retroperitoneum, and the small bowel is fixed by a broad mesentery 
from the duodenojejunal junction in the left upper quadrant to the 
ileocecal valve in the right lower abdomen. The broad base of the small 
bowel mesentery stabilises its position and prevents volvulus.5,6

Malrotation can be grouped into syndromes arising from anomalies 
of three categories: migration, rotation, and fixation. 

Anomalies of Migration
Omphalocele
Return of the midgut from the yolk sac back into the abdominal cavity 
is usually completed by week 12 of intrauterine life. This enables the 
anterior abdominal wall mesodermal folds to meet at the central umbili-
cal ring, thereby closing the anterior abdominal wall. When the return 
of the midgut is delayed or arrested, the anterior abdominal wall folds 
fail to meet, and an omphalocele in the central umbilical area of the 
abdomen is the result.

Congenital diaphragmatic hernia
If return of the midgut into the abdominal cavity, which divides the 
celomic cavity into peritoneal and pleural compartments, occurs before 
the closure of the pleuroperitoneal membrane at 8 weeks gestation, part 
of the returning midgut loop may herniate into the pleural cavity. This 
occurs usually in the posterolateral position on the left side.

Subhepatic appendix
With completion of the 270° rotation of the ileocecal limb of the midgut 
loop, the caecum is brought to the right upper quadrant of the abdomen. 
The caecum with the attached appendix then further descends down to 
the right lower quadrant position in the right iliac fossa and becomes 
fixed to the posterior abdominal wall. The caecum and appendix may 
fail to migrate and remain in that subhepatic position. This condition 
may cause a serious diagnostic dilemma in acute appendicitis.
Anomalies of Rotation
Nonrotation 
Nonrotation may occur when the midgut returns to the abdominal cav-
ity en masse without rotating. Then, the first and second parts of the 
duodenum are situated normally but the third and fourth parts descend 
vertically downward along the right side of the superior mesenteric 
artery. The small bowel lies on the right and the colon is doubled on 
itself to the left of midline.7

Reversed rotation 
Reversed rotation has the caecum and colon positioned posterior to the 
superior mesenteric vessels, and the duodenum subsequently crosses 
anterior to it. 

Malrotation 
Malrotation is a spectrum of abnormalities that occurs when the normal 
process of rotation is arrested at various stages. Most frequently, the 
duodenojejunal flexure is located inferiorly and to the right of the mid-
line. In addition, the caecum has failed to reach its normal position in 
the right iliac fossa and lies in a subhepatic or central position. 
Anomalies of Fixation
Volvulus neonatorum
A normal fixation of the midgut loop results in a broad diagonal attach-
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ment of the loop to the posterior abdominal wall, extending from the 
ligament of Trietz to the ileocecal junction. With malfixation, the dis-
tance between these two points of attachment may become shortened, 
leaving the midgut loop hanging on a narrow and unstable pedicle that 
easily predisposes to twisting (volvulus) and strangulation.

Ladd’s bands
When the caecum has failed to descend from the right upper quadrant 
to the right iliac fossa, anomalous fixation may occur, whereby dense 
fibrous bands (Ladd’s bands) extend from the caecum and right colon 
across the duodenum to the retroperitoneum of the right upper quadrant. 
These bands may cause duodenal obstruction via extrinsic compres-
sion; however, the obstruction of the duodenum is most commonly 
caused by torsion at the base of the midgut mesentery. Bands may 
also form between the colon and the duodenum, drawing them closer 
together and predisposing the midgut towards volvulus.

Mobile caecum
Failure of fixation of the caecum to the posterior abdominal wall results 
in a floating caecum that may predispose to cecal volvulus.

Internal hernias
Failure of fixation of the mesentery of the duodenum, right colon, or 
left colon may result in the formation of potential spaces for internal 
or mesocolic hernias. Internal hernias are associated with partial bowel 
obstructions, as there may be recurrent entrapment of bowel, which 
may eventually lead to obstruction and strangulation.5

Other Associated Anomalies
Malrotation may be present in patients with heterotaxy syndrome 
(asplenia or right isomerism and polyspenia or left isomerism). Patients 
presenting with this syndrome should be investigated for the possibil-
ity of malrotation. Malrotation may also be seen in conjunction with 
intestinal atresias and may be the cause for developing atresias in some 
of these patients. Vecchia et al., in a large series, found that 28% of 
infants with duodenal atresias had malrotation and 19% of infants with 
jejunoileal atresia had malrotation.8

Clinical Presentation
The classic presentation of malrotation with acute midgut volvulus 
is a neonate with bilious emesis. The point of obstruction is typically 
beyond the ampulla of Vater, as demonstrated by the bilious emesis. 
However, this symptom is not synonymous with the diagnosis of 
malrotation. A majority (around 60%) of infants with bilious emesis 
will prove to have no anatomic obstruction, but imaging is necessary 
to exclude the potentially catastrophic event of midgut volvulus as a 
consequence of malrotation. Most patients with malrotation and many 
with volvulus have a normal history and have a normal physical exam. 
Other acute symptoms that may occur with malrotation are intermittent 
abdominal pain, diarrhoea, constipation, and haematochezia. The latter 
involves 10–15% of patients and is associated with a poorer prognosis 
because it is indicative of bowel ischemia).9 Patients presenting with 
peritonitis, abdominal distention, bloody stools, and haemodynamic 
instability (signs and symptoms of shock) have a much worse progno-
sis; the clinician may be misled from the diagnosis of malrotation with 
volvulus due to the other symptoms related to sepsis..

Malrotation may present in an insidious manner with chronic 
symptoms that develop over days, months, and even years. In one 
series by Spigland et al., when malrotation presented beyond the 
neonatal period, the delay in diagnosis was a mean of 1.7 years.10 
Chronic symptoms include intermittent pain, intermittent vomiting, 
malabsorption, and failure to thrive. Patients may be chronically 
misdiagnosed with other abdominal pain syndromes, “cyclic vomiting,” 
or even psychologic disorders.11 Howell et al. noted that 70% of children 

presenting with malrotation had clinical evidence of malnutrition.12

Physical Examination
There are often very few, if any, diagnostic physical exam findings with 
malrotation and midgut volvulus. Late presentations may have abdomi-
nal distention and abdominal tenderness, and some patients may have 
haemodynamic instability if bowel necrosis and sepsis have occurred. 
The herald sign is bilious emesis and requires prompt diagnostic studies 
in order to prevent bowel ischaemia and necrosis.

Investigations
Imaging

It is reasonable to start with abdominal radiographs as the initial 
evaluation of a patient with biliary emesis or suspected malrotation. 
Patients should have two views of the abdomen: an anteroposterior 
supine view and either an anteroposterior upright view or a cross-
table lateral view. Rarely do the radiographs suggest the diagnosis 
of malrotation. Instead, they help to exclude other aetiologies for the 
patient’s symptoms and serve to guide further imaging. The most 
common bowel gas pattern in the setting of malrotation is normal. 
Findings suggestive of an abnormal location of bowel include
• the presence of proximal small bowel on the right; and

• a disproportionate dilatation of the duodenum with a “double 
bubble”—this may be seen with severe duodenal obstruction due to 
volvulus or bands.1

Upper Gastrointestinal Series
An upper gastrointestinal (UGI) series is the preferred test for radio-
graphic diagnosis of malrotation and volvulus (Figures 65.1 and 65.2). 
It is usually performed with barium, except in cases of a very sick infant 
or child in whom the presence of infarcted bowel or perforation is pos-
sible, in which case water-soluble contrast is used. It is important to 
document the first bolus of contrast medium through the duodenum in 
the anteroposterior as well as the lateral projection. This can be done by 
quickly rotating the patient to the lateral position once the duodenojeju-
nal junction is reached. The main radiographic signs of malrotation are1 
• lateral radiograph suggesting that the distal duodenum is not attached 
in the retroperitoneum;

• low or medial position of the duodenojejunal junction;

• spiral “corkscrew” or Z-shaped course of the duodenum and proxi-
mal jejunum; and

• location of the proximal jejunum in the right abdomen.

Figure 65.1: UGI depicting malrotation with abnormally low position of the 
ligament of Treitz.
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Ultrasound
Ultrasound is not the preferred imaging modality for malrotation, but 
it may be useful for some physicians with limited imaging modalities. 
Ultrasound can be used to evaluate other abdominal abnormalities 
and may be used to visualise the position of the mesenteric vessels. 
Normally, the superior mesenteric vein is to the right of the artery. In 
malrotation, the vein is frequently on the left, or it may rotate complete-
ly around the artery. These findings are neither sensitive nor specific for 
malrotation or volvulus, and should be further evaluated with additional 
diagnostic imaging studies, typically a UGI.

In resource-poor settings in most developing parts of Africa, where 
diagnostic facilities are limited or unavailable, it is safer to assume 
and handle all cases of bilious vomiting in a neonate as a potential 
malrotation syndrome with midgut volvulus. Such babies should be 
vigorously resuscitated and explored to avert the catastrophe of an entire 
midgut strangulation and gangrene, leading to short bowel syndrome.

Management
Preoperative Management
Preoperative management is focused on stabilising the patient and 
preparing for prompt surgery. The patient should be resuscitated with 
isotonic fluid (lactated Ringer’s or normal saline) with an intravenous 
(IV) fluid bolus of 20 ml/kg, then kept on isotonic maintenance fluids, 
nothing by mouth (NPO), and nasogastric tube (NGT) decompression 
until surgery. The patient’s urine output should be monitored; fluid 
resuscitation may depend on urine output or haemodynamics.
Operative Management and Technique
Ladd’s procedure, first described in 1936, corrects the fundamental 
abnormality associated with malrotation and volvulus. The procedure 
consists of laparotomy with the following steps:13,14

1. The bowel is eviscerated and the entire bowel and mesenteric root 
are inspected.
2. The midgut volvulus, if one exists, is derotated in a 
counterclockwise direction.
3. Ladd’s bands are lysed and the duodenum is straightened.
4. An appendectomy is performed.
5. The bowel is returned into the abdominal cavity with the caecum in 
the left lower quadrant.13,14

A laparoscopic approach may be feasible in older patients, but 
availability and technical comfort with this operation may be less 
than optimal.

Figure 65.3: Severe small bowel ischaemia due to volvulus.

Complicated cases with significant bowel ischaemia still demand 
an open approach.

The occurrence of an entire midgut strangulation and gangrene 
should be considered a disaster that must be prevented, especially in 
resource-poor settings where total parenteral nutrition (TPN) is neither 
available nor affordable (Figure 65.3). If widespread ischaemia of 
the midgut is observed at laparotomy, limited bowel resection and a 
second-look exploration 48 to 72 hours later to confirm viability of the 
remaining bowel are advised.

Postoperative Complications
Postoperative complications are similar to other surgical procedures 
and include infection and ileus. Patients with malrotation have been 
known to have postoperative intestinal dysmotility (pseudo-obstruc-
tion) that may delay return of the bowel function and contribute to 
their postoperative ileus. Normalisation of gut function occurs slowly 
in some children. Some reports in the literature suggest that there is an 
underlying functional abnormality of gut innervation associated with or 
as a consequence of malrotation.15,16

If the patient had bowel necrosis and required a resection, 
depending the length of residual viable bowel, the patient may have 
short bowel syndrome. This condition can be quite difficult to handle, 
and typically requires parenteral nutrition for at least the short term, 
and potentially long term. 

Patients may also have strictures, either from their resection with 
anastomosis, or potentially from areas of ischaemia that did not require 
resection. These patients may not require additional surgeries, or they 
may require subsequent bowel resection of the stricture and/or revision 
of the strictured anastomosis. 

Prognosis and Outcome
Survival of children with malrotation and volvulus is high (>80%); 

however, despite prompt diagnosis and surgery, a significant minority of 
patients still die or suffer substantial morbidity due to loss of intestines.

Factors associated with an increased mortality include:
• younger age (especially less than 30 days old);17

• other clinical abnormalities; and

• bowel necrosis.4,17

	  

Figure 65.2: UGI depicting malrotation with all of the small bowel on the right 
side of the abdomen.
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Prevention
There are no preventive measures to take regarding this disease process. 
Early detection and treatment are the only measures to help prevent a 
poor outcome from malrotation with volvulus.

Ethical Issues
The patient with short bowel syndrome as a result of malrotation with 
volvulus that occurred either in utero or in the neonatal period presents 
a real treatment challenge in the industrialised nations and may be even 
more difficult in countries where resources are more limited. These 
patients require TPN and significant medical care to prevent dehydra-
tion and failure to thrive. In addition, these patients require central lines 
for prolonged periods of time and are often plagued by complications 
from the central lines.

Evidence-Based Research
In the absence of comparative studies, a recent review of malrotation 
and volvulus is shown in Table 65.1.

Table 65.1: Evidence-based research.

Title Malrotation and volvulus in infancy and childhood

Authors Millar AJW, Rode H, Cywes S

Institution University of Cape Town and Red Cross Children’s Hospital, 
Rondesbosch, Cape Town, South Africa

Reference Sem Pediatr Surg 2003; 12:229–236

Problem Review of malrotation and volvulus.

Intervention Diagnostic radiology and surgical treatment.

Comparison/
control 
(quality of 
evidence)

Comparison of recent cases with previously published 
cohort.

Historical 
significance/ 
comments

A large series of patients reviewed for presenting symptoms, 
evaluation, and surgical management. 

1. Malrotation is a spectrum of anatomic abnormalities related to 
fixation of the intestinal tract.

2. Bilious emesis in a newborn should be considered midgut 
volvulus until proven otherwise.

3. A prompt diagnostic UGI study should be done on any newborn 
with bilious emesis to rule out malrotation with midgut volvulus.

4. If investigative studies cannot be done, then the patient should 
have fluid resuscitation and prompt surgical exploration to 
prevent the catastrophic complications of midgut volvulus.
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Gastrointestinal Duplications
Auwal M Abubakar 
Ralf-Bodo Troebs

Introduction
Gastrointestinal duplications (GIDs) are rare congenital malformations. 
They can arise anywhere from the mouth to the anus.1 Due to the rarity 
of these lesions, they frequently present both diagnostic and therapeutic 
challenges. They may be unexpectedly encountered intraoperatively, 
and appropriate surgical management requires that the attending sur-
geon be familiar with the pathology and clinical characteristics of GID. 

Demographics
Gastrointestinal duplications occur with a prevalence of 1:4,500 births.2 
In most series, there is no sex predilection. Even though GID is rare, 
many reports exist with large numbers of patients accumulated over 
long periods.3–8 Few reports, however, come from Africa.9–11

About 60–70% of patients present before the age of 2 years.6,8,12 In 
Africa, due to more difficulties with diagnosis, patients may present at 
an older age.11

Embryology
There are many theories on the embryology of GID. None of these 
theories, however, is able to explain all types of duplication. The pres-
ence of heterotopic tissue in duplications and the consistent mesenteric 
location of duplications has put many of these theories to question. 

These embryological theories include the following:
• Split notochord syndrome:13,14 GID is related to the development of 

neuroenteric canals, which is related to the thoracic duplications that 
have associated abnormalities of the cervical and thoracic vertebrae.

• Abnormalities of recanalisation of the solid stage:15 It is only some 
part of the foregut that undergoes recanalisation, and this process 
occurs on both the mesenteric and antimesenteric sides of the 
bowel, whereas duplications are found only on the mesenteric side.

• Remnants of embryologic diverticula:16 This may explain the higher 
frequency of GID found in the terminal ileum because there are 
usually numerous diverticula found during development. The pres-
ence of heterotopic mucosa, the mesenteric location of GID, and the 
presence of tubular duplications puts this theory to question.

• Partial twinning:17 This can explain duplications of the hindgut. 
These are usually associated with malformations of the genitouri-
nary tract.

• Environmental factors such as trauma or hypoxia:18,19 In early foetal 
development, environmental factors may lead to duplications, and 
duplications may, in fact, be a part of the spectrum of intestinal atresias.

Pathology
Gastrointestinal duplications are rare congenital malformations. They 
generally have the following characteristics irrespective of location:
• They are in or adjacent to the wall or part of the gastrointestinal 
tract and are consistently on the mesenteric side. 

• They share a common blood supply with the native bowel.

• They have a definite smooth muscle coat and are lined by alimen-
tary tract mucosa that may be similar to the adjacent bowel or het-
erotopic tissue. 
The most common site of GID is the ileum, followed by the 

oesophagus, colon, and jejunum (Table 66.1).
Grossly, GIDs are spherical (Figure 66.1) in 82% of the cases; 

these are the most prevalent type at all levels20 and do not commonly 
communicate with the adjacent bowel. The remaining GIDs are tubular, 
more extensive, more likely to have heterotopic gastric mucosa, 
and usually communicate with the adjacent bowel, most commonly 

Table 66.1: Summary of distribution of locations of 431 gastrointestinal duplications in 395 patients from six studies.

Location Bower et al. 
(1978)6

Hocking et al. 
(1981)7

Holcomb et al. 
(1989)8

Stringer et al. 
(1995)9

Karnak et al. 
(2000)10

Pulgandla et al. 
(2003)11

Totals (%)

Oropharyngeal 0 – 0 2 1 – 3 (<1)

Oesophagus 15 8 21 15 7 – 66 (15)

Stomach 8 8 8 10 1 6 41 (10)

Duodenum 4 1 2 3 3 7 20 (5)

Jejunum/ileum 34 32 47 21 17 51 202 (47)

Colon 12 4 15 10 9 5 55 (13)

Rectum 2 5 5 6 2 4 24 (6)

Thoracoabdominal 1 2 3 6 2 0 14 (3)

Others 2 0 0 4 0 0 6 (1)

Totals (duplications/ 
patients)

(78/64) (60/53) (101/96) (77/72) (42/38) (73/72) 431 (100)
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in the small and large bowels. The lining mucosa is usually the 
same as the adjacent normal bowel, but can be heterotopic, such as 
gastric, squamous, transitional, ciliated columnar mucosa, pancreas, 
lymphoid aggregates resembling Peyer’s patches, and ganglion cells. 
Others include heterotopic lung tissue or thyroid stroma.12 However, 
heterotopic gastric and pancreatic tissues are the ones of significant 
clinical importance due to the risk of peptic ulceration and pancreatitis. 
Even though GID in children is benign, malignant transformation has 
been described in adults.21

Diagnosis
Clinical Features
There is no common clinical pattern of signs and symptoms of duplica-
tions. They present with a variety of symptoms or sometimes as masses 
found incidentally during routine examinations or investigations, or 
they are encountered during an operation for other problems.

Most patients present before the age of 2 years,11,12 but presentation 
during adulthood has been described.4,22 The clinical presentation also 
varies according to the age of the patient, location of duplication, type 
of mucosal lining, duration of disease, and presence of complications. 
The clinical presentation may be due to the pressure effect of the 
duplication. Feeding difficulties are associated with masses in the floor 
of the mouth. In thoracic duplications, this leads to respiratory distress 
or dysphagia. Other symptoms in the chest include recurrent pneumonia 
and failure to thrive. In the abdomen, GID causes intestinal obstruction 
but may also cause ureteric, biliary, or even vena caval obstruction. 
Pancreatitis can arise from pressure on the pancreas. Duplications in the 
abdomen commonly present with pain, vomiting, and abdominal mass.

The clinical presentation may also be secondary to complications 
of the duplications. These include intussusception,12 volvulus,8 
perforation,23 bleeding (related to ectopic gastric mucosa), peptic 
oesophageal stricture, and malignant transformation, as seen in adults.21

Prenatal Diagnosis
Prenatal diagnosis of GIDs is becoming widespread in the Western 
world. This ability to accurately identify GID has provided an opportu-
nity to intervene. In cases of nonimmune hydrops in thoracic duplica-
tions, thoracoamniotic shunting is carried out in utero in some centres 
with experience in foetal treatment.24 This is done in the immediate 
postnatal period before the onset of symptoms or the development of 
complications.2 

Investigations
In the management of GID, accurate preoperative diagnosis is dif-
ficult. This is because GID is very rare, and the clinical presentation 
is nonspecific.

In Africa, where resources are limited, the more expensive 
investigations, such as computed tomography (CT) scan and magnetic 
resonance imaging (MRI), should be reserved for the very difficult 
cases. The most common investigations carried out are ultrasonography 
(US) and contrast medium examinations.

Figure 66.1: Spherical duplication of the ileocaecal area in an 8-month-old child.

Ultrasonography
US is the most common modality used and should be the first choice. 
It typically shows a double-layered wall (inner echogenic mucosa and 
outer sonoluscent muscular layer). When this double-layered pattern 
is present on US, a GID is confirmed and there is no need for further 
radiologic evaluation.25,26 
Plain X-Rays 
A plain chest x-ray (plain abdominal/lateral) will be able to detect fore-
gut duplications in the chest in up to 90% of cases. Plain abdominal 
x-ray may show evidence of intestinal obstruction.
Contrast Medium Studies
Contrast medium studies may reveal compression or displacement of 
the adjacent organ. Rarely, it will show communication with the adja-
cent native organ, but it does not specify the nature of the duplication.
CT Scan or MRI
A CT scan or MRI is employed in difficult cases. It is noninvasive and 
has the advantage of demonstrating the exact location and relationship 
to adjacent normal structures. It may also reveal other duplications. It is 
particularly useful in thoracic, pelvic, and the rare large retroperitoneal 
duplication cysts. A spinal MRI will outline the relationship of the cyst 
with the spinal column and spinal canal.
Technetium 99m Pertechnetate Scintigraphy Scan
This scan indicates the definite existence of GID when it contains ecto-
pic gastric mucosa. This is especially useful in oesophageal, duodenal, 
and tubular small bowel duplications with a high incidence of hetero-
tropic gastric mucosa.
Laparoscopy
Laparoscopy is useful in cases when all the above investigations are 
not conclusive.

Treatment
The goal is to make a prompt diagnosis and provide treatment before 
the onset of symptoms or the development of complications. The ideal 
treatment for GID is complete excision. However, GID in children is 
a benign disease, and any treatment should not be more radical than to 
eliminate the patient’s complaints and prevent further recurrence. 

Important points to be considered in the surgical treatment of GID 
include:
1. the nature of the blood supply shared between the duplication and 
native bowel;
2. the presence of heterotopic gastric mucosa, which will negate 
internal drainage due to the risk of peptic ulceration; and
3. the relationship with adjacent structures, such as the biliary tract in 
duodenal duplications.

The treatment of GID is best considered by location of the 
duplication. However, in selected cases, an intraoperative frozen 
section may give further information on the absence or presence of 
heterotopic components.
Oropharynx 
Oropharyngeal duplications are rare and constitute less than 1% of 
duplications. They may contain ectopic gastric or colonic mucosa. 
These cysts are excised by an intraoral incision.
Oesophagus
Oesophageal duplications are related to the right side of the oesophagus 
and are best approached through a right posterolateral thoracotomy. 
A supraclavicular approach is used for those located in the cervical 
region. These lesions should be completely excised due to the high 
incidence of gastric heterotopia in this location. Where facilities are 
available, a thoracoscopic approach is preferable for isolated lesions.27 
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Thoracoabdominal
Thoracoabdominal cysts are not intimately adherent to the oesophagus 
but are usually to the posterior right side of the chest and may have com-
munication through the right crus of the diaphragm to the pylorus, duode-
num, jejunum, or ileum. They are often lined by ectopic gastric mucosa. 
It is also important to ensure that there is no neuroenteric communication. 
If present, this should be excised in consultation with a neurosurgeon. 
Incomplete excision will lead to meningitis. The best approach here is the 
use of separate posterolateral thoracotomy and abdominal approaches. 
Depending on the extent of the lesion and the patient’s condition, it may 
be carried out at the same surgery or staged. For isolated lesions, thora-
coscopic resection is becoming the preferred treatment.
Gastric
Gastric duplications represent 8% of duplications. Unlike other duplica-
tions, these are more common in girls.28 Most of these duplications are 
on the greater curvature, but they can rarely be on the lesser curvature 
or the pylorus. They usually do not communicate with the stomach, and 
complete excision is possible. More extensive lesions are excised with 
a limited partial gastrectomy.
Duodenum
Duodenal duplications also are rare. The treatment of choice for duo-
denal duplications is complete excision with preservation of the duo-
denum. However, this total excision is not always possible if the cyst 
is in close proximity to the pancreas or the biliary or pancreatic ducts. 

Figure 66.2: Communicating cystic duplication of the duodenum. Exposure 
after duodenotomy. The upper tube is within the major papilla; the lower one 
intubates the cyst.

The walls of the ducts may be included in the thickness of the wall of 
the duplication and may also share the same blood supply with the cyst 
(Figure 66.2). In these cases, the options include:29

• partial resection of part of the cyst wall but including the mucosal 
lining; or

• internal drainage through a wide cystoduodenal anastomosis or a 
cystojejunal Roux-en-Y anastomosis.

Small Bowel
The small bowel (jejunum/ileum) is the site of about half of all GIDs. 
The cystic types of duplications are sometimes easily shelled out, 
but most are resected with primary end-to-end anastomosis to restore 
bowel continuity. A laparoscopic approach may be effective to identify 
the lesion and minimize the abdominal wall incision by lifting up the 
affected bowel segment.

The tubular type of GID can involve the whole ileum. It has an 
80% incidence of gastric heterotopia. Extensive resections will lead to 
short bowel syndrome, and drainage into the adjacent normal bowel is 
not encouraged due to the risk of peptic ulceration. In these cases, the 
multiple stepwise stripping of the mucosa is as described by Wrenn,30 
but anastomosis of the duplication to the stomach has also been tried.31

Colon 
Colonic duplications rarely contain ectopic gastric mucosa. The rare 
complete colorectal duplication may be associated with doubling 
anomalies of the genitourinary organs, such as the bladder and vagina.17 
Cystic duplications can be shelled out or resected with primary coloco-
lostomy. Tubular duplications of the colon have one or more communi-
cations with the native bowel. If it is extensive, a distal communication 
is created with the colon or rectum.
Rectum 
Rectal duplications are usually presacral. In 90% of cases, there is no 
communication with the rectum. The posterior sagittal approach is 
preferred. It gives good exposure, facilitates safer removal and repair, 
and prevents entering or compromising the rectal lumen. Laparotomy is 
preferable, however, for the rare anterior duplications.32

Prognosis and Outcome
The outcome of surgical treatment of duplications is good. Poor out-
comes are observed when there are associated severe malformations, 
which in themselves carry a high morbidity and mortality.

Evidence-Based Research
GIDs are very rare anomalies, so most large series are accumulated 
over three to four decades from big referral centres. It is difficult to 
have randomized studies. 

1. Gastrointestinal duplications are rare.

2. GIDs can arise from the mouth to the anus.

3. The aetiology of gastrointestinal duplications is heterogenous.

4. About half of all duplications are located in the small bowel.

5. The clinical features of gastrointestinal duplications is 
nonspecific; a high index of suspicion is required for prompt 
diagnosis.

6. Most patients with gastrointestinal duplications will present 
before 2 years of age, but presentation during adulthood, as 
well as late malignant transformation, has been described.

7. The presence of ectopic gastric mucosa, especially in tubular 
duplications, should be documented, as it has an impact on the 
approach to management.

8. Ultrasonography should be the first line of investigation.

9. The ideal treatment is total excision; however, in children, GID 
is a benign disease, and therapy should not jeopardise the 
integrity of the adjacent normal bowel.

10. The results of surgical treatment are good.

Key Summary Points



400 Gastrointestinal Duplications

1. Ladd WE, Gross RE. Surgical treatment of duplications of the 
alimentary tract enterogenous cysts, enteric cysts or ileum duplex. 
Surg Gynecol Obstet 1940; 70:295–307.

2. Schalamon J, Schleef J, Hollwarth ME. Experience with 
gastrointestinal duplications in childhood. Langenbeck’s Arch Surg 
2000; 385:402–405. 

3. Bower RJ, Sieber WK, Kiesewetter WB. Alimentary tract 
duplications in children. Ann Surg 1978; 188:667–674. 

4. Hocking M, Young DG. Duplications of the alimentary tract. Br J 
Surg 1981; 68:92–96.

5. Holcomb GW III, Gheissari A, O’Neill JA Jr, Shorter NA, Bishop 
HC. Surgical management of alimentary tract duplications. Ann 
Surg 1989; 209:167–174.

6. Stringer MD, Spitz L, Abel R, et al. Management of alimentary 
tract duplications in children. Br J Surg 1995; 82:74–78.

7. Karnak I, Ocal T, Senocak ME, Tanyel FC, Buyukpamukcu N. 
Alimentary tract duplications in children: report of 26 years’ 
experience. Turk J Pediatr 2000; 42:118–125.

8. Pulingandla PS, Nguyen AS, Flageole H, et al. Gastrointestinal 
duplications. J Pediatr Surg 2003; 38:740–744.

9. Oluwole SF, Adekunle A. Rectal duplication in chronic large bowel 
obstruction. Can J Surg 1987; 30:419–420.

10.  Adejuyigbe O, Hameed AO, Fadiran OA. Gastric duplication: case 
report and review of literature. Niger Med J 1988; 18:357–361.

11.  Adejuyigbe O, Olayinka OS, Sowande OA, Abubakar AM. 
Gastrointestinal duplications in Ile-Ife, Nigeria. East Afr Med J 
2002; 79:134–136.

12. Ildstad ST, Tollerud DJ, Weiss RG, et al. Duplications of the 
alimentary tract: clinical characteristics, preferred treatment and 
associated malformations. Ann Surg 1988; 208:184–189.

13. Stern LE, Warner BW. Gastrointestinal duplications. Semin Pediatr 
Surg 2000; 9:135–140.

14. Bentley JFR, Smith JR. Developmental posterior enteric reminants 
and spinal malformations. Arch Dis Child 1960; 35:76–86.

15. Bremer JL. Diverticula and duplications of the intestinal tract. Arch 
Patholog 1952; 38:132–140.

16. Lewis FT, Thyng FW. Regular occurrence of intestinal diverticula 
in embryology of pig, rabbit and man. Am J Anat 1908; 7:505–519. 

17. Ravitch MM. Hind gut duplication, doubling of colon and genital 
urinary tracts. Ann Surg 1953; 137:588–601.

18. Mellish RWP, Koop CE. Clinical manifestations of duplication of 
the bowel. Pediatrics 1961; 27:397–407.

19. Favara BE, Franciosi RA, Akers DR. Enteric duplications: thirty-
seven cases. A vascular theory of pathogenesis. Am J. Dis Child 
1971; 122:501–506.

20. Macpherson RI. Gastrointestinal tract duplications: clinical, 
pathologic, etiologic and radiologic considerations. Radiographics 
1993; 13:1063–1080.

21. Orr MM, Edwards AJ. Neoplastic change in duplication of the 
alimentary tract. Br J Surg 1975; 62:269.

22. Simsek A, Zeybek N, Yagli G, et al. Enteric and rectal duplication 
and duplication cysts in the adult. ANZ J Surg 2005; 75:174–176.

23. Piolat C, N’die J, Andrini, P, et al. Perforated colon: a rare cause 
of meconium peritonitis with prenatal diagnosis. Pediatr Surg Int 
2005; 21:110–112.

24. Ferro MM, Milner R, Voto L, et al. Intrathoracic alimentary tract 
duplication cysts treated in utero by thoracoamniotic shunting. 
Fetal Diagn Ther 1998;13:343–347.

25. Barr LL, Hayden CK, Stanberry D, et al. Enteric duplication 
cysts in children: are their ultrasonographic wall characteristics 
diagnostic? Pediatr Radiol 1990; 20:326–328.

26. Deftereos S, Soultanidis H, Limas C, et al. Duodenal duplication: is 
ultrasonographic appearance enough to confirm diagnosis? Rom J 
Gastroenterol 2004; 23:345–347.

27. Bratu I, Laberge J, Flageole H, Bouchard S. Foregut duplications: 
is there an advantage to thoracoscopic resection? J Pediatr Surg 
2005; 40:138–141.

28. Lewis PL, Holder I, Feldman M. Duplication of the stomach: report 
of a case and review of the English literature. Arch Surg 1961; 
82:634–640.

29. Merrot T, Anastasescu R, Pankevych T, et al. Duodenal 
duplications: clinical characteristics, embryological hypothesis, 
histologic findings, treatment. Eur J Pediatr Surg 2006; 16:18–23.

30. Wrenn EL Jr. Tubular duplications of the small intestine. Surgery 
1962; 52:494–498.

31. Jewett TC Jr, Walkner AB, Cooney DR. A long term follow 
up on duplication of the entire small intestine treated by 
gastroduplication. J Pediatr Surg 1983; 18:185–188.

32. La Quaglia MP, Feins N, Eraklis A, Hensen WH. Rectal 
duplications. J Pediatr Surg 1990; 25:980–984.

References



CHAPTER 67

Meconium Ileus
Felicitas Eckoldt-Wolke

Auwal M. Abubakar

Introduction
Neonatal bowel obstruction by a thick and tenacious meconium is 
known as meconium ileus. Meconium abnormalities cause multiple 
neonatal intestinal obstructive disorders of varying severity, ranging 
from the benign meconium plug syndrome to the complicated meco-
nium ileus associated with cystic fibrosis (CF). The largest group of 
patients presenting with meconium ileus are children who suffer from 
CF, accounting for 75% of all caucasian patients with meconium ileus. 

In the last 20 years, a specific type of meconium ileus, not 
associated with CF, has been described in premature neonates with very 
low birth weights. Meconium ileus, however, does occur in up to 20% 
of neonates with CF and is the earliest manifestation of the disease. 

Demographics
Cystic fibrosis is the most common serious inherited defect affecting 
the caucasian population. It is transmitted as an autosomal recessive 
condition with a 5% carrier rate and an incidence of approximately 
1:2,500 live births. Hamish et al. reported the incidence of CF in live-
born babies in America to be lower in blacks (1:15,000).1 The cystic 
fibrosis transmembrane conductance regulator (CFTR) is located on the 
long arm of chromosome 7. The delta F508 mutation is the most com-
mon mutation among caucasians. There are, however, great differences 
between populations. For example, delta F508 mutation is present in 
70% of CF alleles in caucasians in the United States, but accounts for 
only 43% in African Americans.2 In the literature, a great racial varia-
tion is assumed.3 Meconium ileus is reported to be a rare finding in 
African populations.4–7

Premature and very low birth weight (VLBW) babies can suffer 
from a condition resembling meconium ileus called meconium ileus 
equivalent (Figure 67.1). Babies at risk for meconium ileus equivalent 
usually can survive only in intensive care units with ventilation 
therapy.8 Such units are rare in Africa, and this may be the reason why 
meconium ileus equivalent is not described in large studies of neonatal 
paediatric surgical care in Africa.

Aetiology
The intraluminal obstruction in meconium ileus is due to abnormally 

thick and tenacious meconium (Figure 67.2). It becomes inspissated in 
the distal ileum, blocking the lumen. Abnormally dilatated mucous 
glands in the distal ileum secrete mucus with a very high protein 
content containing an abnormal mucoprotein, which is responsible 
for the tenaciousness of the meconium. In VLBW babies, the problem 
seems to be the disproportion between the tenaciousness of normal 
meconium and the underdevelopment of the contractility of the bowel. 
In both cases, meconium is strongly attached to the wall of the distal 
ileum, creating pellets of white meconium in a narrow lumen.

Classification
The clinical presentation varies depending on the type of meconium 
ileus. Instances of meconium ileus can be classified into uncomplicated 
and complicated types. 

Figure 67.1: Meconium ileus in a low birth weight baby.

Figure 67.2: Meconium ileus with dilated ileum and contracted, obturated 
terminal ileum.

Uncomplicated Form
The neonate may appear relatively normal for the first 12–18 hours of 
life. However, as the proximal bowel fills with air, abdominal disten-
tion, emesis (later bilious), and failure to pass meconium are noted. On 
examination, distended loops of intestine may be visible. Bowel sounds 
are present but sluggish. Mucosal plugs may be evacuated on rectal 
examination after withdrawal of the finger. 
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Complicated Form
About half of meconium ileus patients have a complicated form, 
associated with volvulus, perforation, or atresia. Massive distention, 
tenderness, or erythema indicates the presence of complications. There 
are no bowel sounds; vomiting is usually bilious. The child is in a 
critical condition.
Investigations
Plain abdominal radiographs show a distended intestine. Air-fluid 
levels may or may not be present. A “soap bubble” appearance in the 
right lower quadrant may be the result of air mixed with the meconium. 

The initial diagnostic test is a contrast enema. In the case of a 
meconium ileus, it shows a microcolon. Meconium pellets in the 
distal ileum can also be determined. This diagnostic investigation also 
enables one to exclude colonic atresia and rotation anomalies. The main 
differential diagnosis is Hirschsprung´s disease. This will need to be 
excluded by suction rectal biopsies.

The same diagnostic methods are used in premature babies, although 
due to the prematurity, recognition of the problem may be delayed. 

Treatment
Nonoperative Treatment
Uncomplicated meconium ileus may be successfully treated nonopera-
tively. All patients require standard supportive care: 
• oral gastric tube decompression; 

• intravenous fluids to replace deficits and counteract ongoing losses; 
and 

• meticulous attention to the acid-base balance.
In uncomplicated cases, a gastrografin enema (dilution 3:1) is the 

treatment of choice.9 It can be accompanied by use of N-acetylcysteine/
saline (1:5) in several enemas and in addition to the oral tube. The 
effect of this enema is to draw large volumes of fluid into the lumen. 
Therefore, the child must be well-rehydrated prior to this procedure. 
The child’s pulse rate and urine output have to be carefully monitored. 
This procedure is successful in more than 50% of affected children. The 
patient should evacuate spontaneously over the next 6–8 hours. If the 
patient fails to evacuate or if a complicated meconium ileus is present, 
a surgical procedure must be carried out.7

Operative Treatment
Operative treatment is indicated when the nonoperative treatment fails 
or is associated with complications such as perforation or in the compli-
cated type of meconium ileus. In all cases, a supraumbilical transverse 
incision is used. 

Three procedures can be used:
1. enterostomy and decompression;
2. resection and stoma formation; or
3. resection and anastomosis.

Enterostomy
Enterostomy is performed by opening the bowel on the antimesen-
teric border proximally where the dilated bowel tapers down. A size 10 
catheter is pulled upwards, and the sticky meconium is washed out by 
using gastrografin or a 1:5 solution of acetylcysteine/saline. Patience is 
required during this procedure; it takes a considerable amount of time 
because one has to work carefully. Further, the distal plugs have to be 
washed out. When the small bowel is empty, the enterostomy can be 
closed in the usual way.10 

Resection
Resection and formation of a stoma is the most common form of 
management. Several forms of stoma are possible, with the most wide-

spread being the Bishop-Koop type anastomosis (Figure 67.3).11 The 
most distended part of the ileum is resected. An end–to-side anastomo-
sis is constructed about 3 cm distal to the resection margin. The open 
end is brought out as a stoma and sutured to the skin. In critical cases, 
a double-barrel stoma may be the best option.

Figure 67.3: Bishop-Koop anastomosis for irrigation.

Postoperative Complications
General supportive care is provided as after any major laparotomy. 
The oral gastric tube is left in place until bowel function returns. Use 
of N-acetylcysteine via the oral tube, or a stoma, or by enema may 
further aid passage. Oral feeding is started with pancreatic enzyme 
supplementation. 

CF is confirmed or ruled out by determining the sweat chloride 
level. Close attention has to be given to pulmonary care in CF children. 

Weaning is often not a problem. Extended physiotherapy and 
specific attention to pulmonary infections and general growth of the 
child are decisive for the quality of the child’s further life.

In some cases, the Bishop-Koop anastomosis closes by itself. 
In other cases, special attention has to be paid to clearance of the 
obstructed segment. After this, closure of the enterostomy can be 
carried out. In CF, distal ileum obstruction tends to recur, so special 
care has to be taken to ensure normal bowel movements. 

Prognosis
The prognosis for children suffering from CF has improved in the 
developed countries due to neonatal care, general nutrition, treatment 
of pulmonary infections, and specific antibiotics. 

Neonates with very low birth weight require a specific type of 
treatment. Their survival depends on intensive neonatal care with 
ventilation, broad spectrum antibiotics, and a specific enteral nutrition.

Ethical Issues
In developed countries, CF is a genetic-based diagnosis. Specific care 
has to be given to children with CF. This has enabled the life-span of 
CF sufferers to be extended to 30 to 40 years, whereas historically 
in Europe these children died at about age 20. One of the main pro-
cedures that has made this improvement possible is the gastrografin 
enema developed by Helen Noblett.9 In combination with this, use of 
N–acetylcysteine often makes it possible to avoid having to perform a 
laparotomy. If the combination fails, surgery and enterostomy have to 
be carried out.2

Evidence-Based Research
The condition is uncommon, and relevant studies of surgical treatment 
with a significant number of patients are not available. 
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1. Meconium ileus is very rare in Africa.

2. Among Caucasians, 75% of meconium ileus is associated with 
cystic fibrosis. 

3. A rare variant of meconium ileus not associated with cystic 
fibrosis has been described in premature very low birth weight 
babies.

4. The patients present as uncomplicated or complicated 
meconium ileus.
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Introduction
Intussusception is the most common type of intestinal obstruction seen 
in the paediatric age group, especially in infants and toddlers. It is an 
occlusive-strangulation type of intestinal obstruction, and all necessary 
measures should be taken early to ensure prompt diagnosis and treatment 
in order to prevent ischaemia and necrosis of bowel. Intussusception 
occurs when a portion of the proximal bowel (usually referred to as the 
intussusceptum) telescopes into a segment of the adjoining distal bowel 
(known as the intussuscepiens). The intussusceptum is propelled further 
into the intussuscepiens by peristalsis and eventually becomes thickened, 
oedematous, and swollen, leading to blockage of its lumen (occlusion) and 
subsequent pinching off of its mesentery (strangulation). 

Children with intussusception in the African subregion, as a rule, 
present late to hospital for management1,2,3 as a result of lack of knowledge 
on the part of parents, who try assorted local remedies before bringing the 
child to hospital.

Diagnosis of the condition can be difficult and tricky,4 sometimes 
causing diagnostic confusion with other conditions, such as enterocolitis, 
dysentery, and gastroenteritis, further delaying the diagnosis. When the 
diagnosis is made late (meaning more than 48 to 72 hours after symptoms 
develop), surgery is usually the only option left to most surgeons. About 
90–95% of intussusceptions occur in children between the ages of 3 
months and 3 years,5,6 and usually do not have a pathological lead point 
(i.e., they are idiopathic in nature).6

Demographics
Intussusception is known to occur among children in Africa, but unfor-
tunately its true incidence is not known. It is seen with striking variation 
in frequency in various parts of the world. Worldwide, the incidence is 
estimated to be approximately 2–4 cases per 1,000 children, with a male-
to-female ratio ranging from 1.4:1 to 3:2.1-4,7-9 The male preponderance is 
more remarkable in the latter months of infancy. Intussusception tends to 
occur in well-nourished infants, around the time of weaning of the infant; 
its incidence in malnourished children is less than 30%, as quoted in the 
literature from Africa.10 No paediatric age group is exempt from having 
intussusception, but it is more common in infants and toddlers. After 3 
years of age, anatomically identifiable pathological lead points (PLPs) may 
be the cause of an intussusception in about 1.5% to 12% of children.9,11 

Aetiology 
In most childhood intussusceptions, the cause is usually unknown; this 
type of intussusception is referred to as idiopathic. This is the case in 
90–95% of intussusceptions found in infants and toddlers. In this group 
of children, there may be hypertrophy of the mural lymphoid tissues, 
known as Peyer’s patches, in the terminal ileum as a result of a viral illness 
(caused by adenovirus or rotavirus) with a history of acute gastroenteritis 
and/or respiratory tract symptoms. Operative findings in these children 
often include enlarged mesenteric lymph nodes and Peyer’s patches.11,12 
In others, a mobile caecum is found. In most hospital-based studies in the 
subregion, in children younger than 3 years of age with intussusception, 
10–30% were found to have had gastroenteritis.1,10 

The most common PLP in the causation of nonidiopathic intus-
susception, especially in older children, is Meckel’s diverticulum,4,13–15 
followed by polyps of the small intestine and colon.11,12,14,15 Other PLPs 
include intestinal duplications, lymphomas, haemangiomas, lympho-
sarcomas, enteric cysts, Henoch-Schönlein purpura with submuco-
sal haematomas, cystic fibrosis with inspissated meconium, benign 
intestinal neoplasms, Peutz-Jeghers familial polyposis, ectopic gastric 
mucosa, ectopic pancreatic mucosa, and worm infestations (especially 
Ascaris lumbricoides). The proportion of intussusceptions with a PLP 
increases with age.13 Intussusception may also occur in children as a 
result of trauma, such as a postoperative complication after abdominal 
surgery,3,12,13 especially retroperitoneal surgery, and after immunization 
with rotavirus vaccine.10 

Pathophysiology
An imbalance of the longitudinal forces along the intestinal wall is 
believed to be the cause of intussusception.9,11 This lack of homogene-
ity of longitudinal forces along the intestinal wall can be caused by a 
mass acting as a lead point or may result from a disorganized pattern 
of peristalsis. Because of the imbalance between the contractions of the 
circular muscles perpendicular to the axis of the longitudinal forces, a 
kink develops in the abnormal portion of the intestine, thus creating a 
fulcrum for infolding of this area, resulting in its invagination into the 
adjacent distal bowel (Figure 68.1). The telescoped intestine then acts 
as the apex of the intussusception (known as the intussusceptum) and 
completely invaginates into the distal portion of the bowel that receives 
it (the intussuscipiens) (Figure 68.2). The process of invagination con-
tinues, the mesentery is pulled along with the intussusceptum and can 
travel all the way to the rectum, and as the intussusceptum progresses, 
the lymphatic return is first impeded and eventually venous drainage is 
impaired as a result of increased pressure in the wall of the intestine, 
leading to congestion and oedema of the intussusceptum.

Eventually, the arterial blood supply to this segment of bowel 
is obstructed. The mucous membrane, which is very sensitive to 
ischaemia, sloughs off first and is passed out as mucous stools initially; 
the ischaemic mucosa bleeds when it sloughs off in the end, and this 

Figure 68.1: Two infants with manually reduced intussusception: (A) infolding or 
indentation of the terminal ileum where the intussusceptum started; (B) infolding 
of the caecum, resulting in a caeco-colic intussusception. 

(A) (B)
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blood mixes with the mucosa and mucus to give the classic “red currant 
jelly stools”.

If the swelling, oedema, and ischaemia are not relieved, the lumen 
of the bowel will become completely occluded, and transmural necrosis 
of the intussusceptum will set in, leading to fluid sequestration, 
translocation of intestinal bacteria into the peritoneal cavity, perforation 
of the bowel, and possibly peritonitis.

Clinical Presentation
The usual presentation is of a healthy, well-fed infant aged between 6 
and 9 months on average. 
History
There may or may not be an antecedent infection (e.g., a viral infec-
tion). A good history eliciting the following findings will most often 
suggest the diagnosis. 
1. There is a sudden onset of uncontrollable/inconsolable crying, 
which occurs intermittently every 10 to 30 minutes and lasts for a 
few seconds or so. This coincides with the sudden onset of colicky 
abdominal pains, when the intussusceptum together with the mesentery 
and nerves are drawn into the intussuscipiens. The screaming is high-
pitched in nature and is unexpected.
2. The child stops screaming and plays normally in between attacks 
until the next occurrence of colicky abdominal pain sets in. This type 
of abdominal pain is pathognomonic of intussusception in infants 
because the pattern in which that the child cries for some time, stops 
and plays, and starts crying again, is rarely seen in other conditions.
3. During the periods when the child screams, he or she frequently draws 
up the lower limbs to the abdomen as if to reduce the pain. Between the 
colicky episodes, the child may appear listless and frequently pale.
4. Vomiting sets in. Vomiting tends to begin earlier in infants and is 
reflex in nature. Vomiting due to intestinal obstruction is a late sign, 
and the vomitus may be bilious.
5. Stools may at first be mucoid (the sloughed-off mucosa). Blood 
in stools may appear as early as within the first 6 hours, but it may 
also be absent until a day later. Blood mixed with mucus, giving the 
characteristic appearance of red currant jelly stools of intussusception, 
is present in only about 30% of cases (Figure 68.3(A)). There are 
occasions when the bloody mucoid stools are first noticed only after a 
digital rectal examination (DRE) of the child.

Figure 68.2: Diagrammatic representation of an idiopathic intussusception. The 
apex is the lead point of the intussusception

Source: Courtesy of Francis A. Abantanga.

Figure 68.3: (A) Red current jelly stool 8 hours post presentation. (B) A 
prolapsed necrotic intussusception, which was found to be ileo-ileocolic 
intraoperatively. A right hemicolectomy was carried out, and the child survived.

(A) (B)

6. The triad of intermittent abdominal pain, vomiting, and bloody 
stools is encountered in about 30% of infants with intussusception.10,11 
7. A history of diarrhoea or constipation may be given. However, the 
parents may give a history of diarrhoea only just before the onset of 
the bloody mucoid stools. This may lead to confusion in the diagnosis 
because medical conditions such as dysentery will usually be the 
first thing to come to mind. As a result, there is a delay in diagnosis, 
especially if the first-line medical caregiver has a low index of 
suspicion for intussusception.
8. There may be a history of a recent immunisation using rotavirus 
vaccine5,10 or of a viral illness.3

9. In older children, the major symptom is abdominal pain, which is 
present in almost all cases. Bloody stools and vomiting are reported in 
about 25%. The triad of abdominal pain, bloody stools, and vomiting is a 
rare combination in this age group, and these are nonspecific symptoms.14

Physical Examination
Physical examination will reveal a healthy-looking child, especially if the 
patient is brought for consultation within the first few hours of the occur-
rence of the intussusception. In the presence of the typical triad of inter-
mittent abdominal pains, vomiting, and bloody mucoid stools, there is the 
need to examine the child thoroughly in order to make the right diagnosis.

Infants and toddlers who present late (i.e., after 24 hours), which is 
the rule and not the exception in the African subregion) will be irritable, 
weak, and lethargic. To avoid delays in making a clinical diagnosis, 
the presence of pallor and lethargy in a child who has cried for several 
hours to days should alert the clinician to these subtle features of 
intussusception in addition to the presence of any one or two symptoms 
of the classical triad mentioned above. 

The late-presenting child also will be dehydrated, or frankly in 
shock with cold clammy extremities (typical of late presentation and/
or late diagnosis). The degree must be assessed rapidly and corrected 
appropriately. In addition, the child will be febrile or anaemic.

In those who present early, an abdominal mass may be palpable, if 
present. In late presenters, the abdomen is distended (sometimes grossly) 
and tender, and it is difficult to palpate any intraabdominal masses. If the 
abdomen is tender, with rebound tenderness and guarding, one should 
suspect the presence of peritonitis and therefore treat it appropriately (see 
the section “Treatment” later in this chapter).

If the abdomen is not distended (i.e., it is flat or scaphoid), the right 
iliac fossa feels empty—this is the Dance’s sign.

On digital rectal examination, the rectum may be empty or one may 
palpate the intussusceptum or the lead point of the intussusception in 
the rectum, and on withdrawal of the examining finger, there may be 
passage of only mucus or bloody mucoid stools; the finger may or 
may not be stained with blood. In the late presentations, the chances 
of passage of blood per rectum are high due to possible necrosis of the 
bowel. There may be prolapse of the intussusceptum through the anal 
orifice in those who present very late (Figure 68.3(B)).
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Investigations
In resource-poor settings, the physician may not have access to the 
investigations described here, in which case a high clinical acumen 
and index of suspicion is the next best alternative. Our management 
algorithm for the child with intussusception is illustrated in Figure 68.4. 

Characteristically, diagnostic investigations include abdominal 
ultrasound (US) scans in axial and longitudinal views. This is accurate 
in detecting intussusception with a certainty of up to 100% and can also 
show additional pathologies such as the presence of a PLP.6,15,16 It also 
allows the operator to be able to say whether the intussusception is in 
the small intestine or the large bowel.

In the axial/transverse view, the intussusception is seen as a target 
lesion or has a doughnut sign (Figure 68.5). In the longitudinal view, 
there is a pseudokidney or sandwich appearance. When the radiologist 
or ultrasonographer sees these two signs, the abdominal mass is likely 
an intussusception. In most cases, the radiologist is able to tell whether 
there is a PLP or not. 

There are definite signs on US that will influence nonoperative 
management (i.e., hydrostatic or pneumatic reduction); the details of 
these are beyond the scope of this book but can be obtained from the 
literature.17–23 Ultrasound may pick up a PLP (Figure 68.6).

Generally, trapped fluid17,18 on US scan and the absence of blood 
flow at Doppler imaging,6,17,24,25 where available, are indicators of 
ischaemia, and irreducibility of the intussusception and should be 
carefully considered in any further management of the lesion. 

In the absence of ultrasound, other investigations can be used.
Contrast Enema Examination 
The contrast most frequently used is barium solution, but an air enema 
can also be used. The two main classic signs of intussusception at 
enema examination are the meniscus sign produced by the rounded 
apex of the intussusceptum protruding into the column of contrast 
material and the coiled spring sign formed when the oedematous muco-
sal folds of the returning limb of the intussusceptum are outlined by 
contrast material in the lumen of the colon.6

Figure 68.4: Algorithm for the management of a child with intussusception

History
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Abdominal pain, irritability, intermittent and 
incessant crying, bloody mucoid stools, 
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areas of lucency due to mesenteric fat of the intussusceptum; and (2) 
the meniscus sign (a crescent of gas in the colonic lumen outlining the 
intussusceptum). 

Plain radiographs most often display multiple air-fluid levels 
indicating intestinal obstruction (Figure 68.7(b)). These are usually 
late signs. Sometimes, a plain abdominal radiograph in the presence of 
intussusception may be unremarkable, however.26

If the caecum is found to be filled with gas or faeces in its normal 
position on a plain abdominal radiograph, then intussusception can 
often be excluded. Plain abdominal radiographs are done to exclude 
pneumoperitoneum, especially in children who present late with 
intussusception. Once one or two of the cardinal signs of intussusception 
are present, however, the radiograph can be used, if available, to help 
confirm the diagnosis.
Computed Tomography
Computed tomography (CT) scan and magnetic resonance imaging 
(MRI) very rarely are used for the diagnosis of intussusception, espe-
cially in poorly resourced countries. They are of use when the diag-
nosis of intussusception is in doubt, or the presentation is atypical of 
intussusception, or when the child has vague abdominal complaints of 
unknown cause. Also, in a few cases where the US scan is inconclusive 
or atypical, then either a CT scan or an MRI can be used to make the 
diagnosis. The presence of a bowel-within-bowel configuration with 
inclusion of mesenteric fat and/or mesenteric vessels is pathognomonic 
for intussusception on MRI or CT scan.
Other Investigations

Other supportive investigations include a full blood count (FBC), and 
blood urea, creatinine, and electrolytes to assess the extent of dehydration.

By using the various investigations (e.g., plain radiography, 
abdominal ultrasonography, barium enema, CT scan, and MRI), and 
finally after laparotomy, intussusception can be classified as:1,25 
• Enterocolic: ileocolic (the most predominant type of intussusception 
seen in infants and toddlers); ileo-ileocolic; ileocaecal;

• Enteroenteric: jejunojejunal, jejunoileal, ileo-ileal; or

• Colocolic: caecocolic, colocolic.

• Special forms of intussusception include the following:

• Retrograde intussusception:14,16 Invagination of the distal bowel 
(intussusceptum) into the proximal bowel (intussuscipiens). 

• Postoperative intussusception: Complicates the postoperative period 
in about 0.5–16% of laparotomies.11,12 A majority of cases occur after 
retroperitoneal dissection or extensive bowel manipulation. 

• Spontaneous reduction of intussusception: More than half of intus-
susceptions are asymptomatic and are frequently diagnosed during 
ultrasonography, barium enema examinations, or CT scan for one 
reason or another. 

• Other: Intussusceptions can occur around different catheters (e.g., 
various feeding tubes such as gastrojejunostomy tubes, nasojejunal 
tubes,14 etc.).

Treatment
The treatment of intussusception in children is an emergency, by either 
nonoperative or operative methods. Delay in treatment will lead to 
ischaemia and necrosis of the intestine, bowel perforation, peritonitis, 
shock, and possibly death. Nonoperative reduction (NOR) is the first 
line of approach where facilities are available; if that fails, the next 
logical step is operative management. 

Contraindications to the use of NOR in the treatment of a child 
with intussusception are obvious peritonitis,16,26 pneumoperitoneum 
secondary to bowel perforation,16 shock,16 a grossly distended abdomen 
(relative contraindication), small-bowel intussusception such as ileo-

Figure 68.5: Ultrasound scan showing the doughnut appearance (target lesion) 
of an intussusception.

Figure 68.6: Intussusception with lead point.

Figure 68.7: (A) Intussusception on plain abdominal x-ray showing the target sign. 
(B) Plain erect abdominal radiograph of a 6-month-old child with intussusception, 
showing multiple air-fluid levels consistent with intestinal obstruction.

(A) (B)

Plain Abdominal Radiographs
Plain abdominal radiographs can also be used to diagnose intussuscep-
tion because there are a number of radiographic signs of intussusception, 
but they have a poor sensitivity of about 45%. These signs include a soft 
tissue mass seen at the right upper quadrant, reduced air in the small 
intestine or a gasless abdomen, and air in a displaced appendix.6 The 
two more specific radiographic findings of intussusception are (1) the 
target sign, seen in Figure 68.7(a) at the right upper quadrant over the 
kidney, which consists of a soft tissue mass with concentric circular 
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ileal or ileo-ileocolic, and a long duration of symptoms before 
admission to hospital (>24 hours).

Before any mode of treatment is decided upon, the child must be 
vigorously resuscitated with fluids, including blood if the need arises. 
A nasogastric tube (NGT) is used to decompress the stomach, an 
intravenous (IV) line with a large-bore paediatric cannula appropriate 
for the age is set up, and a urethral catheter is passed into the bladder 
to monitor the effectiveness of the resuscitative measures by aiming at 
obtaining 0.5–2 ml of urine per kilogram body weight per hour. Broad-
spectrum antibiotics must be started.

Give 20 ml/kg body weight of IV fluids (normal saline (NS) or 
Ringer’s lactate (RL)) in a minimum of 30–45 minutes to a maximum 
of 1 hour. Repeat this until the child is well hydrated, then put on 
maintenance fluids using 4.3% or 10% dextrose in one-fifth NS (see 
Chapter 5, Fluid and Electrolyte Management). The maintenance fluid 
(NS or RL) is given as 4 ml/kg/hr for the first 10 kg, then 2 ml/kg/hr 
for the next 10 kg, up to 20 kg and 1 ml/kg/hr for anything more than 
20 kg, all in 24 hours. Thus, a 25-kg child will receive: (4 × 10 × 24) + 
(2 × 10 × 24) + (1 × 5 × 24) = 960 + 480 + 120 = 1,560 ml of fluid in 
24 hours as maintenance fluid.

As stated above, childhood intussusceptions can be managed 
nonoperatively or surgically. Nonoperative reduction of intussusception 
is now considered by most paediatric surgeons as the method of choice 
for its treatment and involves the use of various agents, gaseous or fluid. 
NOR can be carried out by using fluids such as barium,6,17,27 normal 
saline,6,24 and water-soluble contrast media.6 This method is referred to 
as hydrostatic, as opposed to pneumatic or air enema reduction (AER), 
in which only air4,18 is used. These agents may be used under either 
fluoroscopic or ultrasound guidance. Note, however, that barium can 
induce chemical peritonitis when it leaks through a bowel perforation 
into the peritoneal cavity. Water is not suitable because it will be absorbed 
should the procedure be prolonged and cause water intoxication.
The Procedure for NOR
Nonoperative reduction is usually performed in the radiology unit by 
(paediatric) radiologists with a paediatric surgeon in attendance. The 
procedure can also be performed by a paediatric surgeon trained in 
ultrasonography. The procedure involves allowing the fluid (barium 
solution, water-soluble contrast medium, or NS) to flow at a height of 
about 100 cm above the level of the buttocks into the rectum and further 
up the colon to meet the intussusceptum and, under sustained pressure, 
to reduce it. This is all done under fluoroscopy or US guidance, and the 
process of reduction is followed carefully. The reduction is considered 
successfully if there is reflux of fluid back into the terminal ileum 
through the ileocaecal valve (Figure 68.8(a)).

Air can also be used for reduction of the intussusception. 
Fluoroscopy-guided or US-guided pneumatic reduction of the 
intussusception is considered superior to hydrostatic reduction because 
it is safer, faster, and cleaner, and it requires less radiation. Also, 
pneumatic reduction has a higher success rate than hydrostatic 
reduction. It is advisable to use pressures not exceeding 120 mm Hg 
for the pneumatic reduction of intussusceptions in children. Pressures 
less than 80 mm Hg are noneffective.

After a successful enema reduction (hydrostatic or pneumatic), the 
child should be kept in hospital for a period of 24 hours for observation 
and then can be discharged home. Feeding can also be resumed 
immediately after the procedure. 

The recurrence rate of NOR is less than 10%. Recurrence may be 
due to incomplete reduction (but under fluoroscopy- or US-guided 
reduction, that is less likely) or due to the presence of a PLP. A recurrent 
intussusception should be treated by first trying NOR again; if that fails 
or a PLP is observed, then surgery is advised.

It is recommended that if the first attempt at enema reduction of 
the intussusception fails, two or three more attempts can be made, and 
if these fail to reduce the intussusception, the child should undergo 

Figure 68.8: (A) Air reduction of an ileocolic intussusception. (B) Barium enema 
showing intussusceptum in the distal ascending colon.

surgical reduction. Surgery is also advised if there is leakage of fluid 
into the peritoneal cavity as a result of perforation of the bowel. 
Leakage of air can cause gross abdominal distention, splinting of the 
diaphragm resulting in acute respiratory distress, and a life-threatening 
abdominal compartment syndrome.28 The pneumoperitoneum thus 
caused is readily recognizable, and immediate intervention in the form 
of abdominal paracentesis using a large-bore needle (gauge 14 or 16) 
in the radiology unit before transporting the patient to the operation 
theatre can be life saving. 

We believe that the best results are obtained following NOR of 
intussusception. 
Alternative Methodology
In the absence of a fluoroscope and/or US facilities in an institution, air 
enema reduction of intussusception can be done in the operating room 
with the child under anaesthesia.29 This method has been developed 
locally, and we attest to its safety and suitability for poorly resourced 
regional or district hospitals in West Africa, where children with intus-
susception are brought very late to hospital.30 

The AER method involves submerging the free end of the NGT 
in a kidney dish filled with water and inserting a 20 or 22 Fr Foley 
catheter into the rectum (fully blowing up the balloon). An aneroid 
sphygmomanometer is attached to the Foley catheter (Figure 68.9(A–D)), 
and air is then insufflated into the rectum between pressures of 80 to 140 
mm Hg. Before insufflating air into the rectum, the surgeon first palpates 
the abdomen under anaesthesia, since the child is now completely 
relaxed, and determines the position of the mass in the peritoneal cavity. 
As the air is insufflated, the surgeon continuously palpates and follows 
the progress of the mass from wherever it was proximally. When the 
intussusception is completely reduced, air flows proximally into the 
small intestines and into the stomach. The air passes through the NGT 
and is noticed as a continuous flow of bubbles in the kidney bowl filled 
with water. What is important here is that the air flow into the kidney 
dish must be continuous, which confirms that the intussusceptum has 
reduced. The balloon of the Foley catheter is deflated and the catheter 
removed; some of the air will escape through the anal orifice, resulting 
in the abdomen becoming soft again and less tense.

Then, the abdomen is again examined to feel for the mass. Normally, 
one cannot palpate the intussusception after a successful reduction 
(except for the palpation of the reduced oedematous bowel, which 
requires some experience for one to accept that it is oedematous bowel 
and not the intussusception that one is feeling beneath the fingers). 

The patient is sent to the recovery ward to recover from anaesthesia 
and can be fed 3 hours after the procedure. The patient is observed 
for 24 hours, within which period a repeat ultrasound scan is done 
to confirm the successful reduction of the intussusception or, in the 
absence of an ultrasound machine, about 10 to 20 ml of barium solution 

(A) (B)

ileocolic intussusception
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Source: Courtesy of Francis A. Abantanga.

Figure 68.9: Theatre setup for pneumatic or air enema reduction of an 
intussusception in a 7-month-old child. (A) The child is anaesthetized and 
ready for AER; (B) close-up view of the setup; (C) the continuous bubbling of 
air into the kidney dish with water, indicating that the intussusception has been 
reduced; (D) the complete set of requirements.

Figure 68.10: An intraoperative picture of an ileo-ileal intussusception in a 
child. Note the oedematous and inflamed intussuscepiens and the enlarged 
mesenteric lymph nodes.

(A)

(B)

(C)

(D)

59.1% successful reduction rates.30

Surgical management is reserved for children with failed hydrostatic 
or pneumatic reduction of the intussusception; those who develop 
leakage of fluid into the peritoneal cavity during enema reduction; 
those in whom free air, peritonitis, or shock was present on admission; 
or those in whom PLP (e.g., a polyp, enterogenic cyst, etc.) was 
detected during investigations or after NOR. 
Surgical Management
Access into the peritoneal cavity is usually through an above or below 
transverse umbilical incision. The intussusception (Figure 68.10) is 
delivered into the wound, and an attempt is made to reduce it manually 
by a combination of milking and squeezing of the intussusceptum by 
the surgeon and gentle tugging on the free limb of the intussusceptum 
by the assistant. If the manual reduction is successful, the operation 
ends there. Some surgeons will fix the caecum if it is found to be very 
mobile, and others will perform an appendectomy, depending on which 
incision was used, to prevent any future confusion should the patient 
present again later with suspected appendicitis.

If an attempt at manual reduction fails as a result of tears or a 
perforation in the bowel, or if the intussusception is deemed to be 
gangrenous from inspection at the beginning of the surgery, or if a PLP 
is found, then segmental resection is performed with re-establishment 
of bowel continuity by an end-to-end anastomosis.

Another operative method for reduction of intussusception is by 
laparoscopic surgery,31 during which the intussusceptum is pulled out of 
the intussuscipiens. All the manoeuvres carried out by the open method 
can be done laparoscopically, including resection and anastomosis.

Postoperative Complications
Postoperative complications include recurrence of the intussusception, 
perforation of the bowel during NOR of the intussusception, surgical 
site infection, anastomotic leak, anastomotic breakdown, enterocutane-
ous fistula (especially if the patient is poorly nourished), postoperative 
adhesive intestinal obstruction, and incisional hernias.

Prognosis and Outcome
Prognosis is usually excellent if diagnosis is early, resuscitation is 
carried out thoroughly, and treatment is started early, especially with 
successful nonoperative reduction of the intussusception. Worldwide, 
the overall mortality of intussusception is about 1%, and near zero with 
NOR of the intussusception. 

On the African continent, however, mortality is very high, ranging 
from 12.1% to 35.1%.2,3,7,9 Recurrence rates following NOR range from 
5% to 20%15,16 with a mean of about 10%.16 After surgical reduction, 
recurrence rates range from 1% to 4%.32 

is given orally (through the NGT, if still in place). This is usually 
observed in the stools within 24 hours, when the patient can then be 
discharged home. 

If reduction fails after two to three attempts (i.e., the mass is still 
palpable and its reduction is not progressing), or if there is a suspicion 
of a perforation of the bowel (air escapes freely and easily into the 
peritoneal cavity, the abdomen becomes grossly distended, and after 
removing the Foley catheter no air escapes from the anal orifice), 
the NOR procedure is immediately suspended and a laparotomy is 
performed. As a precaution, the instruments for a laparotomy are 
always set on a tray, and the theatre nurse is scrubbed and gowned, 
ready and waiting. By using this method in our institution, we have had 



410 Intussusception 

Prevention
In the main, the majority of intussusceptions in children, especially 
infants and toddlers, are idiopathic and difficult to prevent. Hence, 
prevention is aimed at educating parents or caregivers about the disease 
and its potential hazard so that children will be brought early to hos-
pital. Primary medical caregivers also need to be educated to increase 
their index of suspicion for earlier diagnosis and intervention.

Title Sonographic features indicative of hydrostatic reducibility of 
intestinal intussusception in infancy and early childhood

Authors Mirilas P, Koumanidou C, Vakaki M, Skandalakis P, Antypas 
S, Kakavakis K

Institution Agia Sophia Children’s Hospital, Goudi, Athens, Greece

Reference Eur Radiol 2001; 11: 2576–2580

Problem To find out which sonographic patterns of intussusception 
are indicative of reducibility by hydrostatic reduction in 
children.

Intervention All children with intussusception underwent sonographic 
examination of the abdomen using transverse and 
longitudinal scans. The sonograms were evaluated for (a) 
a target lesion with multiple concentric rings surrounding 
an echogenic centre, (b) a doughnut-like mass in the 
transverse plane in which the thickness of the hypoechoic 
external ring was measured, (c) appearance of trapped fluid 
in the doughnut-like or target-like mass, and (d) coexistence 
of free fluid in the peritoneal cavity.

Comparison/
control 
(quality of 
evidence)

The hydrostatic reduction rate was 100% when the head 
of intussusception appeared as a target lesion; with a 
thickness of the hypoechoic external ring of the doughnut 
≤ 7.2 mm, the reduction rate was 100%; if the thickness 
was between 7.5 and 11.2 mm, the reduction rate was only 
68.9%; if the thickness of the hypoechoic external ring of 
the doughnut-like mass was more than 14.0 mm, surgical 
reduction was required.

Outcome/
effect

Wall thickness was found not to be a significant prognostic 
factor in the reducibility of intussusception, trapped fluid 
was found to be consistently a poor prognostic feature 
of reducibility of an intussusception, and free fluid in the 
peritoneal cavity did not have any adverse effect on air-
reduction prognosis. 

Historical 
significance/ 
comments

This paper is significant in the sense that if one can 
get a report of the ultrasonographic patterns of the 
intussusception, it is possible to decide beforehand which 
intussusceptions will easily reduce without much effort and 
which ones will need more effort to reduce them or even 
which ones should not undergo hydrostatic or pneumatic 
reduction for fear of causing a perforation or reducing a 
gangrenous bowel. 

Title Is non-operative intussusception reduction effective in 
older children? Ten-year experience in a university affiliated 
medical center

Authors Simanovsky N, Hiller N, Koplewitz BZ, Eliahou R, Udassin R

Institution Hadassah Medical Center, Jerusalem, Israel

Reference Pediatr Surg Int 2007; 23:261–264

Problem Nonoperative management of intussusception in children 
aged 3 years or more in order to determine its efficacy and 
safety in this age group. 

Intervention Clinical features of intussusception were collected from this 
group of children, recording the age, predisposing factors, 
symptoms, and signs, with a review of the sonographic and 
fluoroscopic images to assess the degree of intussusception 
and possible underlying PLP.

Comparison/
control 
(quality of 
evidence)

An abdominal ultrasound scan was done in all 24 children 
with 26 intussusceptions revealing a pseudokidney sign 
of intussusception in all and mesenteric lymphadenopathy 
in 10. Image-guided reduction was attempted in all except 
one with a small bowel obstruction; in two, barium enema 
reduction was attempted; and in 23, air enema reduction 
was performed.

Outcome/
effect

In four children, a PLP was the cause of the intussusception: 
one Meckel’s diverticulum and three Burkitt’s lymphoma. 
Air enema reduction in two of the last three and barium 
enema reduction in the last one failed to reduce the 
intussusceptions. Four children failed nonoperative 
management of their intussusceptions: three by pneumatic 
reduction and one by barium enema reduction, but when 
surgery was performed, no PLP was found in any of them. 
Finally, 18 patients with intussusception confirmed by 
ultrasound scan, who did not have PLP, were successfully 
reduced by using air enema. 

Historical 
significance/ 
comments

This paper confirms the notion that all intussusceptions in 
children, regardless of age, should be managed by using 
nonoperative methods (pneumatic or hydrostatic) first. It is 
only when this fails that surgery should be considered. 

Table 68.1: Evidence-based research. Table 68.2: Evidence-based research.

Evidence-Based Research
Table 68.1 presents a study to find out which sonographic patterns of 
intussusception are indicative of reducibility by hydrostatic reduction 
in children. Table 68.2 presents a 10-year-study to determine whether 
nonoperative management of intussusception is effective and safe in 
children age 3 years or older.

1. Intussusception is an occlusive-strangulation type of intestinal 
obstruction that requires early diagnosis and treatment.

2. more than 90% of intussusception cases occur in the age range 
from 3 months to 3 years, and they are usually idiopathic in nature.

3. Intussusception with a pathological lead point occurs more in 
the older age group, but can be seen in infants and toddlers.

4. Intussusception is rare but possible in neonates, so clinicians 
should have a high index of suspicion if there is a prolapsed 
rectal mass in such children.

5. Diagnosis is clinical and confirmed by ultrasound scan of 
the abdomen looking for a target lesion/doughnut sign in the 
axial view and the pseudokidney/sandwich appearance in the 
longitudinal view.

6. An erect plain abdominal radiograph may be requested 
for exclusion of pneumoperitoneum, but it is not a routine 

investigation for diagnosing intussusception. The radiograph will, 
however, inform one about the presence of intestinal obstruction.

7. Once the diagnosis is confirmed, it is necessary to resuscitate 
the child for an attempt at hydrostatic or pneumatic reduction 
under either fluoroscopy or ultrasound guidance first. A 
maximum of three attempts should be made to reduce the 
intussusception.

8. All nonoperatively reduced intussusceptions should be observed 
for a minimum of 24 hours in hospital before being discharged.

9. All patients who are haemodynamically unstable, are in shock, 
have peritonitis, have bowel perforation either on admission 
or during nonoperative reduction of the intussusception, are 
suspected of having a gangrenous bowel (see Figure 68.3) and 
those who have failed pneumatic reduction should undergo 
open surgery and an attempt at manual reduction or segmental 
resection and end-to-end anastomosis.

Key Summary Points
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CHAPTER 69

Miscellaneous Causes of
Intestinal Obstruction

Lohfa B. Chirdan 
Sanjay Krishnaswami

Aetiology Important features Important 
investigations

Treatment

Peritoneal 
adhesions

Abdominal scars or 
history of surgeries, 
trauma, or acute 
abdomen in the past

Multiple air-
fluid levels 
on plain x-ray 
of abdomen; 
contrast study 
of GI tract in 
doubtful cases

Nasogastric 
decompression, 
intravenous 
fluids and 
antibiotics for 
24–48 hours; 
exploratory 
laparotomy 
if child is not 
improving

Bezoars/foreign 
bodies

History of ingestion 
of foreign bodies 
or psychological 
condition; vomiting, 
failure to thrive; 
abdominal mass 
that may be 
palpable

Plain abdominal 
films and 
contrast 
studies; 
computed 
tomography 
(CT) scan if 
available

Endoscopic 
removal; use 
of pancreatic 
enzymes; 
laparotomy

Faecal impaction History of 
constipation or 
motility disorder

Plain x-ray of 
abdomen

Repeated rectal 
washout; manual 
evacuation

Parasites Endemic area, 
passage of worms 
per rectum or 
vomiting of worms

Stool 
examination, 
plain x-ray of 
abdomen

Antihelminthic; 
laparotomy

Sigmoid volvulus 
and ileosigmoid 
knotting

Rapid onset of 
abdominal distention

Plain x-ray 
of abdomen; 
contrast 
enema, lower 
endoscopy in 
doubtful cases

Laparotomy and 
sigmoidectomy

Pseudo-
obstruction 
(Ogilvie’s 
syndrome)

History of chronic 
constipation; sickle 
cell disease

Plain x-ray Neostigmine

Internal herniation Recurrent 
abdominal pains

Plain x-ray; 
contrast study 
or CT scan in 
some cases

Laparotomy

External 
compression

Abdominal mass Plain x-ray; CT 
scan

Laparotomy and 
removal of mass

Paralytic ileus Usually 
postoperative, 
sepsis or severe 
hypokalaemia/ 
hypomagnesaemia

Urea and 
electrolyte 
estimation; 
plain x-ray 
of abdomen, 
presence of 
rectal gas

Nasogastric 
decompression; 
intravenous 
fluids; electrolyte 
replenishment

Introduction
Various causes of mechanical bowel obstruction, such as intestinal 
atresias, intussusception, meconium ileus, external herniations, and 
midgut volvulus, have been covered elsewhere in this book. This 
chapter is concerned with the various other causes of obstruction that 
could be encountered in children in Africa. These conditions include 
peritoneal adhesions, parasites, foreign bodies, sigmoid volvulus and 
ileosigmoid knotting, internal herniations, external compression from 
abdominal masses, faecal impaction, and paralytic ileus. A summary of 
the important features and investigations of these conditions is outlined 
in Table 69.1.

Peritoneal Adhesions
Adhesions are internal fibrous, band-like scars occurring after injury to 
the peritoneum and are the result of biochemical and cellular responses 
attempting to repair the peritoneum. Although this process is beneficial, 
it could also have detrimental effects, one of which is small bowel 
obstruction (SBO). The most common cause of adhesions is iatrogenic, 
secondary to previous abdominal operations. The data on postopera-
tive adhesions in children are sparse, and most of what we know about 
adhesions is extrapolated from adult series. An estimated 93% of adults 
undergoing laparotomy eventually develop adhesions, although only 
a fraction of these will become symptomatic.1 Grant et al. reported 
that 1.1% of children younger than 16 years of age undergoing lower 
abdominal surgery would be admitted as a direct consequence of adhe-
sions and 8.3% would have a readmission that may be related to adhe-
sions four or more years from the time of initial surgery.2

In developed countries, strategies to reduce postoperative adhesions, 
such as the use of talc-free gloves, improved suture and prosthetic 
materials, and especially minimal access surgery, are commonly 
utilized. Many of these resources are not available in developing 
countries, however.3 Therefore, it appears that the burden of morbidity 
due to adhesions may gradually shift to developing countries where 
open laparotomies are still the norm in children.4–6 

Apart from postoperative adhesions, inflammatory diseases and 
trauma can cause peritoneal adhesions, leading to bowel obstruction in 
children. SBO from inflammatory adhesions may sometimes be seen 
soon after operation for such suppurative conditions of the abdomen 
as ruptured appendix and typhoid intestinal perforations or in patients 
with solid organ injury due to trauma who were managed either 
operatively or nonoperatively.4–7 Note that other causes of postoperative 
bowel obstruction, such as intussusception (classically seen after large 
retroperitoneal operations), can exist, and the treatment of these may 
differ from adhesion-related SBO.

Clinical Features
The clinical features of bowel obstruction from peritoneal adhesions 
could include vomiting, abdominal distention, abdominal pain, consti-
pation, and fever. While the other signs may be seen even early in the 
disease course, fever usually occurs in children with bowel gangrene 
or perforated bowel and should therefore be taken seriously if pres-

Table 69.1: Summary of features of intestinal obstruction from various causes.



 Miscellaneous Causes of Intestinal Obstruction 413

ent. Other signs of advanced disease, such as rectal bleeding, may 
be encountered frequently. This was a presenting feature in 10% of 
children with adhesive bowel obstruction in one series from Nigeria.4

Investigations
The diagnosis of bowel obstruction is usually clinical. In a few patients 
who have bowel perforation, plain chest x-ray may show gas under the 
diaphragm. Plain abdominal films may show dilated loops of bowel and 
multiple air-fluid levels. Prominent valvulae conniventes suggest small 
bowel obstruction, and marked haustrations may occur in large bowel 
obstruction. However, although these bowel markings readily appear in 
adults and older children, they may be absent in infants and younger 
children. In fact, it may be impossible to distinguish between small and 
large intestines on plain films in infants. 

In patients with previous adhesive SBO who have signs of incomplete 
obstruction or others in whom the diagnosis is in doubt, a contrast 
examination of the gastrointestinal tract is useful, although barium 
contrast may occasionally cause impaction above the obstruction. 
Failure of the contrast to pass into the distal small bowel suggests 
intestinal obstruction. The average transit time for oral contrast to 
reach the colon is 3–4 hours, but this time could be significantly longer 
when there is obstruction. If the patient’s clinical status allows, contrast 
progression can be followed by plain x-rays up to 12–24 hours later. 
Contrast enema (typically with water-soluble contrast) may be useful in 
children with distal obstruction. A complete blood count, grouping and 
cross matching, and serum chemistry are done in all patients.

Management
Management involves resuscitation and correction of fluid and electro-
lyte deficits by administration of intravenous (IV) fluids. Nasogastric 
decompression is then instituted, and broad spectrum antibiotics may 
be started. If the condition does not improve on the above management 
after 48 hours, laparotomy should be considered.8-11 Early operative 
intervention is preferred for children, especially infants, because the 
already nutritionally compromised child has less tolerance compared 
to adults for the 48-hour starvation period. In children who present 
with features of bowel strangulation and gangrene, laparotomy should 
be undertaken immediately after adequate resuscitation (Figure 69.1).

At operation, adhesions can be single, multiple, or dense. Single 
adhesions are divided (Figure 69.2). In patients with multiple adhesions, 
it is important to identify all offending bands. Some surgeons believe 
that it is important to free the entire peritoneal cavity of all adhesions, 
whereas others believe that only the adhesions that obstruct the 
intestine should be divided because the other adhesions have fixed the 
remaining bowel in an unobstructed position. In most instances, it is 
wiser to remove only the offending bands because trauma may trigger 
another episode of adhesions. Adhesions are divided sharply, aided 
by countertraction from the assistant. Bowel gangrene is a common 
finding, especially in Africa.4 In this situation, bowel resection with 
end-to-end bowel anastomosis is done (Figure 69.3).

Repeated adhesions can be a major problem, and therefore many 
mechanical and chemical approaches have been developed. Internal 
stenting using long tubes such as the Baker or Leonard tubes can 
be of help, and intestinal plication may help to fix the bowel in the 
unobstructed position.7 Chemical methods have evolved over the years 
to deal with or reduce the incidence of peritoneal adhesions. These 
chemical agents include heparin, fibrinolytic compounds, nonsteroidal 
anti-inflammatory drugs (NSAIDs), low molecular weight dextran 
solutions, antihistamines, prokinetic agents, calcium channel blockers, 
and steroids.3–7 As evidenced by the multiplicity of these methods, none 
of these techniques has been shown to completely eliminate the problem 
of adhesions. Meticulous handling of tissues and careful surgery with the 
use of talc-free gloves as well as minimally invasive abdominal surgery, 
where possible, may cause less tissue injury and lead to fewer adhesions.

Figure 69.1: Bowel gangrene from postoperative adhesion SBO.

Figure 69.2: Dividing the adhesions.

Figure 69.3: Resection of gangrenous bowel.

Foreign Bodies and Bezoars
Foreign bodies (FBs) of the aerodigestive tract can be involved in caus-
ing intestinal obstruction in children of all ages. There is a tendency for 
children to put everything in their mouths, so ingestion of an FB is a 
major problem, especially in Africa, where poverty and hunger may be 
contributory. Below the level of the oesophagus and stomach, ingested 
FBs may be impacted in the C-loop of the duodenum, at the ligament of 
Treitz, Meckel’s diverticulum, or the ileocaecal valve, causing intestinal 
obstruction. Perforation with peritonitis may cause secondary obstruction. 
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Bezoars are masses of solidified ingested materials (organic 
or inorganic) found in the stomach or small intestines that can 
cause intestinal obstruction in children.7,12 They are of many types. 
Trichobezoars are seen in the mentally retarded as well as in 
emotionally disturbed children, typically teenage girls, and usually 
consist of swallowed hair or random ingested objects. Phytobezoars 
are made of vegetable material and usually obstruct the distal ileum, or 
stomach, especially postvagotomy. Lactobezoars are usually observed 
in premature infants receiving early feeding of undiluted milk. They 
can be caused by powdered formulas mixed inappropriately.

Presentation and diagnosis
Children usually present with vomiting and failure to thrive. An epi-
gastric mass, often in the shape of the stomach, may be palpable on 
physical examination. Plain films of the abdomen are often diagnostic, 
but upper gastrointestinal contrast study may be needed in some cases.

Management
Bezoars in the stomach may be broken apart by using an 

endoscope. This may be facilitated by introducing pancreatic enzymes. 
Laparotomy with gastrostomy or enterostomy may be needed to 
remove hairs that cause complete obstruction. Care must be taken to 
remove the entire bezoar because it can fragment on removal and be 
lodged more distally, causing further problems. In cases of colonic 
obstruction, colostomy may be needed. The underlying disorder 
resulting in bezoar formation, such as a psychological problem, must 
be managed appropriately.

Parasites
Parasites can cause intestinal obstruction, generally in the mid or dis-
tal small bowel, but can even occur in the large bowel. In the tropics, 
Ascaris lumbricoides is the most common parasite involved. These 
worms usually get entangled in the small intestine, producing a mass 
that could lead to intestinal obstruction. Although the majority of 
children present with a subacute course, about a quarter present with 
features of acute intestinal obstruction, including vomiting, abdomi-
nal distention, and constipation.13–15 Some children may present with 
vomiting of the round worms or passage of the worms through the 
rectum. Investigations include plain abdominal x-ray in additional to 
stool examination for evidence of parasites. The plain roentgenogram 
of the abdomen may show a typical “whirlpool” pattern that indicates 
intraluminal worms in most cases. Children with subacute intestinal 
obstruction usually respond to the administration of an oral antihel-
mintic such as piperazine and management of pain using antispasmod-
ics such as Buscopan®.15 Patients with acute intestinal obstruction 
should be quickly resuscitated by using intravenous fluids and then 
undergo emergency laparotomy. At laparotomy, the worms should be 
disimpacted and milked into the distal colon. In cases of bowel gan-
grene, resection and anastomosis of the bowel is done. However, in 
the latter situation, note that worms could migrate into the peritoneal 
cavity through the anastomosis site.
Sigmoid Volvulus and Ileosigmoid Knotting
Sigmoid volvulus and ileosigmoid knotting are rare in children but 
can cause intestinal obstruction with lethal consequences.16 The main 
predisposing factor to sigmoid volvulus is a large redundant sigmoid 
colon with a narrow base, which then acts as a fulcrum for the sigmoid 
colon to twist, usually in a counterclockwise direction. Ileosigmoid 
knotting involves the twisting of the small bowel and sigmoid mesen-
teries around each other. The mechanism for ileosigmoid knotting is 
unclear. An excessively mobile small bowel due to an elongated mes-
entery, combined with a long sigmoid colon on a narrow mesenteric 
pedicle, along with the ingestion of a bulky diet in the presence an 
empty small bowel have been suggested as a possible mechanism.17,18

The main presenting feature of either sigmoid volvulus or 
ileosigmoid knotting is acute onset of abdominal distention and 
pain followed by obstipation. In ileosigmoid knotting, however, the 
abdominal distention may not be remarkable. Vomiting may be also 
be present. Investigations include plain abdominal x-ray, which may 
show a bent inner-tube sign. The classic features of sigmoid volvulus 
on plain abdominal films are not as obvious in ileosigmoid knotting. 
Contrast enema studies occasionally can be helpful in doubtful cases. 
However, such investigations, as well as small bowel follow-through 
studies, should be used judiciously because they could precipitate 
intestinal perforation, especially in ileosigmoid knotting.16 After the 
diagnosis is made, laparotomy should not be delayed once fluid and 
electrolytes status has been corrected and broad spectrum antibiotics 
administered.16,17 Bowel gangrene is common, and resection with 
anastomosis of the bowel should be done in these cases.
Internal Herniation
Bowel herniation into abnormal or normal peritoneal recesses could 
lead to acute intestinal obstruction in children.19 Herniation could occur 
into normal, anatomic duodenal, or caecal recesses, leading to intesti-
nal obstruction. Postoperative defects in the mesentry can also lead to 
herniation of the bowel and subsequent obstruction and strangulation.19 
Other abnormal sites for herniation of the bowel leading to obstruction 
include the falciform ligament, if a defect is present, and the foramen 
of Winslow.20,21 A high index of suspicion is needed for prompt diag-
nosis and subsequent treatment because delay usually leads to bowel 
gangrene, which increases the mortality rate.
Other Causes
External abdominal masses such as intraabdominal tumours, faecal 
impaction, paralytic ileus, and benign bowel tumours can result in 
intestinal obstruction in children.

Evidence-Based Research
Articles on adhesive bowel obstruction in children in Africa are scanty. 
Prospective studies are few, and available guides have to be based on 
retrospective studies, many of which are from the West. Table 69.2 
presents a large series involving postoperative bowel obstruction in 
newborns and infants.

Title High incidence of post-operative adhesions in newborns and 
infants

Authors Young JY, Kim DS, Muratore CS, Kurkchubasche A, Tracy TF 
Jr, Luks FI 

Institution Division of Pediatric Surgery, Brown Medical School, 
Providence, Rhode Island, USA

Reference J Pediatr Surg 2007; 42:962–965

Problem The incidence of, risk factors for, and need for operative 
intervention in postoperative bowel obstruction in children.

Comparison/
control
(quality of 
evidence)

The authors reviewed children who had laparotomy or 
laparoscopy to determine the incidence of small bowel 
obstruction due to adhesions. They also compared the 
incidence in older children to that in infants and neonates.

Outcome/
effect

Of 2,187 abdominal operations performed in children, 61 
(2.8%) had postoperative bowel obstruction, 70.5% of these 
requiring reoperation. Postoperative bowel obstruction 
was more common in children younger than 1 year of age 
compared to older children (P = 0.01). Infants are significantly 
more likely to require operative intervention compared with 
older children (P = 0.01).

Historical 
significance/
Comments

This large series supports previous evidence that 
nonoperative management of adhesive small bowel 
obstruction often fails in infants and younger children. A 
laparotomy is often needed when postoperative obstruction 
occurs in this age group, and it should be performed with 
minimum delay. 

Table 69.2: Evidence-based research.
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1. Apart from the classical causes of mechanical bowel 
obstruction, other pathologic entities may lead to bowel 
obstruction in children.

2. As techniques to decrease postoperative adhesions, such as 
minimally invasive surgery, become more widespread in the 
developed world, the burden of adhesions may begin to shift 
to Africa.

3. Children with adhesive intestinal obstruction should be 
meticulously followed; delay in operative intervention should be 
avoided.

4. A high index of suspicion is needed for the diagnosis of foreign 
bodies and bezoars in children, and psychiatric evaluation should 
be part of the postoperative work-up.

5. The mainstay of management of patients with parasitic 
obstruction is medical (antihelminthic); however, patients with 
acute symptoms should be explored immediately after adequate 
resuscitation.

6. Sigmoid volvulus and ileosigmoid knotting, although rare in 
children, can be fulminant, making early resuscitation and 
laparotomy the keys to a successful outcome.

Key Summary Points
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Introduction
Necrotising enterocolitis (NEC) is a disease of the infant gastroin-
testinal tract (GIT) most commonly found in premature newborns. 
Although the aetiology and pathogenesis of the disease is not fully 
understood, in its most severe cases, NEC rapidly progresses from 
bacterial invasion of the intestinal wall to full-thickness bowel necrosis, 
leading to perforation and subsequent peritonitis, sepsis, and possibly 
death.1 The elusive nature, unpredictable onset and progression, as well 
as the fragile nature of the affected patient population, combine to make 
NEC one of the leading causes of morbidity and mortality in neonatal 
intensive care units (NICUs) globally.2,3

Although technological advances, such as the advent of the 
modern intensive care unit (ICU), initially yielded fairly dramatic 
improvements in the survival of patients with NEC,4,5 the condition 
is still associated with a sustained high mortality (19–50%), even 
in developed countries,6 with little improvement over the last two 
decades.7 These advances have been accompanied by a dramatic rise 
in the cost of treating patients with NEC. As a result, the challenges 
facing clinicians in First World nations are magnified in developing 
countries, where medical care is often constricted by dilemmas of triage 
and allotment of limited resources. 

Demographics
Necrotising enterocolitis is the most common cause of death in surgical 
neonates worldwide.8 Although the prevalence of NEC varies geo-
graphically and temporally, sometimes occurring in clusters or epidem-
ics, the overall incidence in the United States is estimated to be 1–3 
cases for every 1,000 live births.9 Due to improvements in technology 
and perinatal care and the concomitant increase in survivability of neo-
nates, the incidence of the disease appears to be increasing in Western 
nations.10 Interestingly, there appears to be an overall increase in NEC 
prevalence in developing countries in recent years as well. This may be 
partly attributed to factors such as the increased survival of very small 
premature infants, the increasing drug abuse culture, and the high inci-
dence of preterm labour (especially in developing countries), as well as 
the impact of the HIV epidemic currently sweeping over sub-Saharan 
Africa, where an increase in severity can probably be anticipated. 
Accurate statistical analysis of the disease in continental Africa is not 
feasible because the poor access to antenatal diagnosis, primary health 
care, transport facilities, and low survival of infants with delayed pre-
sentation significantly contribute to the decreased number of recorded 
admissions with the diagnosis of NEC.11 

Epidemiology and Incidence
NEC is the most frequent and most lethal disease affecting the GIT 
of premature infants.12 The disease appears to display no particular 
ethnic predilection. Prematurity remains the most consistent risk fac-
tor for developing NEC, with incidence and mortality from NEC both 
inversely related to birth weight and gestational age.13 Approximately 
7–10% of very low birth weight (VLBW) infants (<1,000 g) suffer 
from NEC, and almost 20% of these newborns experience a period of 

suspected disease known as an “NEC scare” at some point during their 
postnatal care.7,14 Additionally, several reports have suggested that there 
may be an inverse relationship between gestational age and the age at 
onset of the disease.15,16 Snyder et al. have recently reported that VLBW 
infants developed NEC later than their higher-weight cohorts, which 
may suggest that birth weight and age at the onset of disease may also 
be inversely related.16 

Although the disease does not exclusively affect premature infants, 
nearly 90% of patients who develop NEC are premature. When 
NEC does occur in term infants, it is almost always associated with 
comorbidities that promote intestinal ischaemia (e.g., congenital heart 
disease, neonatal asphyxia, maternal pre-eclampsia, and diabetes) or 
causes of intestinal obstruction such as Hirschsprung’s disease. 

Reported NEC mortality in the United States ranges from 15% to 
30%, with smaller infants, infants with more extensive disease, and 
infants requiring surgery at the greatest risk.7 Although the mortality 
rates in industrialised nations have been decreasing over the past 30 
years due to early detection, implementation of preventive measures, 
and upgrading of intensive care support facilities, this success has not 
been shared by developing countries due to limited resources.17 

Aetiology/Pathophysiology
Despite extensive research in the field, an adequate understanding of 
the aetiology and pathophysiology of NEC remains elusive. Current 
knowledge of the cause and course of NEC has been confined to asso-
ciated risk factors and recognised patterns of pathophysiologic change. 
Although any portion of the intestinal tract may be involved, NEC 
most commonly affects the terminal ileum. Its frequent distribution to 
the distal ileum and right side of the colon suggests a local vascular 
component because this area is most removed from the blood supply. 

The histologic hallmark of NEC is a “bland infarct,” which is 
characterised by full thickness coagulation (ischaemic) necrosis, a 
paucity of acute inflammatory cells (neutrophils), and a predominantly 
lymphocytic infiltrate (Figure 70.1).18 Santulli and colleagues described 
a classic triad of pathological events leading to the development of 
NEC, including (1) intestinal ischaemia, (2) colonisation by pathogenic 
bacteria, and (3) excess protein substrate in the intestinal lumen.19 
Using this triad, Kosloske et al. hypothesised that quantitative extremes 
of two out of three of these factors is sufficient to cause NEC.20

Mucosal ischaemia arises from a neonatal insult resulting from 
factors such as a decrease in end diastolic blood flow, foetal distress, 
cold exposure, asphyxia, hypotension, congenital heart disease, or 
sepsis. Intestinal ischaemia results in local production of free radicals 
and initiates a cytokine cascade within the gut wall.

Novel treatments are currently being developed to abrogate the 
toxic effects of some of the local factors at play in the inflammatory 
process.21 As a result of the mucosal damage, bacterial translocation can 
occur through the intestinal wall, and systemic infection may follow, 
leading to further ischaemia and necrosis of the bowel wall, progression 
to perforation, peritonitis, overwhelming septicaemia, and possible 
multiorgan failure and death.
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Among the most accepted and consistently recognised risk factors 
for developing NEC are prematurity and timing and content of 
gastrointestinal feeding (i.e., formula concentration). Certain aspects 
of prematurity have been recognised that would appear to place these 
children at increased risk for NEC development. Among these are 
immaturity of gastrointestinal motility, digestive ability, circulatory 
regulation, intestinal barrier function along with abnormal colonisation 
by pathologic bacteria, and underdeveloped intestinal defense 
mechanisms.22 Other risk factors implicated in the pathogenesis of NEC 
include bacterial infection,23 the presence of pathogenic bacteria in the 
ICU (the so-called NEC epidemics), intestinal ischaemia,24,25 certain 
pharmacologic agents,26,27 and a host of inflammatory mediators,28,29 
although their relative contributions remain unclear. Other factors 
particularly pertinent to developing nations include antenatal factors, 
such as impaired umbilical artery flow, multiple pregnancy, and 
maternal infections, including HIV.30 Nevertheless, despite these 
numerous recognised associations, no clear pathway of pathogenesis 
has been identified.

Pathology
NEC usually begins in the mucosal layer of the bowel. Intramural pro-
gression may be recognised by the frequent association of pneumatosis 
intestinalis, which represents bacterial hydrogen gas in the intestinal 
wall (Figure 70.2). This gas may extend into the vessels and into the 
portal vein and may be visualised radiographically as portal venous gas. 
Macroscopically, there is considerable variation in the degree of bowel 
involvement from a fairly minor inflammatory response of the bowel 
to full thickness necrosis, which may involve large segments of intes-
tine (Figure 70.3). The terminal ileum and caecum are most commonly 
affected, but NEC represents a spectrum of disease; in its severest form, 
it may affect the entire bowel and parts of the stomach (NEC totalis). 
The affected bowel frequently extends beyond the macroscopic disease 
seen at surgery.

At surgery, the serosal surface is characterised by patches of full-
thickness necrosis, oedema, and subserosal haemorrhages in affected 
portions of bowel. Pneumatosis intestinalis may be seen and felt 
in the bowel wall and may extend into the mesentery. Perforation 
of transmural necrotic patches is common, with subsequent gross 
contamination and peritonitis. Surgical intervention is required in 
at least 40% of patients with NEC due to intestinal necrosis with or 
without perforation. The objectives of surgical management are to 
remove the necrotic bowel, preserve bowel length, divert the faecal 
stream if required, and control sepsis.

Clinical Presentation
Infants with acute NEC usually present with both specific gastroin-
testinal signs as well as nonspecific physiologic signs often indicative 
of generalised infection. The classic history for a patient with NEC is 
a premature infant within 2 weeks of delivery who begins to develop 
feeding intolerance, distention, and/or blood per rectum after the 
initiation of formula feeds. The most common gastrointestinal signs 
reported are abdominal distention and blood per rectum. Others include 
feeding intolerance, bilious emesis, haematemesis, and guaic positive 
stools. Some of the nonspecific signs include lethargy, temperature and 
glucose instability, hypotension, and apnoeic spells associated with 
bradycardia (Table 70.1).

Initial physical exam findings are often subtle, significant only 
for mild distention and tenderness. As the disease progresses, the 
abdominal exam often reveals significant tenderness, palpable bowel 
loops, and an inflammatory mass, along with erythema or oedema of 
the abdominal wall.

Figure 70.1: Small intestine showing necrosis, haemorrhage and congestion 
with a focal area of re-epithelisation of the mucosa (right). Original 
magnification, 20x.

Figure 70.2: Frontal abdominal radiograph showing pneumatosis intestinalis in 
the right colon (arrow).

Figure 70.3: Segments of small bowel showing hyperaemia and an area of full-
thickness necrosis (arrow).
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Laboratory Testing and Imaging
A complete blood count often demonstrates thrombocytopaenia and 
may show leukocytosis or, more commonly, leukopaenia.31 Blood gas 
analysis (arterial, venous, or capillary) may demonstrate a significant 
base deficit due to metabolic acidosis associated with hypoperfusion, 
but is not necessarily indicative of intestinal necrosis. Because the 
initial history, physical exam, and laboratory findings in patients with 
NEC are often nonspecific, sepsis from a source other than the GIT 
is the most common diagnosis that needs to be excluded in cases of 
suspected NEC. Other diagnoses that may be included are malrotation 
of the intestines with midgut volvulus, gastroenteritis, Hirschsprung’s 
disease, intestinal atresia, intussusception, and, less commonly, gastro-
oesophageal reflux disease.

Plain radiography remains the imaging modality of choice in 
the diagnosis of NEC. In 70% of cases, the diagnosis is established 
by the presence of pneumatosis intestinalis on plain abdominal 
radiograph. Other radiographic findings in infants with NEC include 
air in the portal vein, a ground-glass appearance suggestive of ascites, 
pneumoperitoneum (Figure 70.4), and the “fixed-loop” sign, which is 
the defined as one or several loops of dilated small intestine that remain 
unchanged in position on x-ray over 24 to 36 hours. The fixed loop sign 
is suggestive of a nonperistalsing segment of intestine due to necrosis. 
Whereas contrast studies of the GIT, such as computed tomography 
(CT) and magnetic resonance imaging (MRI) scans, have not been 
proven to be clinically useful in the evaluation of patients with NEC,32–

35 a recent study has suggested a possible role for sonography due to its 
increased ability to detect intraabdominal fluid, bowel wall thickness, 
and bowel wall perfusion.36 The resources available in developing 
countries may limit the applicability of ultrasound in such regions.

Radiologic features commonly associated with NEC include: 
• thickened, distended bowel loops;

• pneumatosis intestinalis, or gas in the bowel wall;

• pneumoperitoneum, which indicates intestinal perforation;

• portal venous air (a severe infection that is not an absolute indication 

Gastrointestinal signs Nonspecific physiologic signs

Feeding intolerance Hypotension

Abdominal distention Temperature instability

Blood per rectum Apnoeic spells (with bradycardia)

Bilious emesis Lethargy

Haematemesis Glucose instability

Stage NEC involvement Manifestations Radiographic signs

I Infants with mild 
features suggestive, 
but not diagnostic, 
of NEC

Gastrointestinal, 
includes feeding 
intolerance, 
abdominal 
distention, blood 
per rectum, etc.;

systemic 
includes 
temperature 
instability, 
lethargy, 
bradycardia, etc.

Abdominal 
radiograph with 
nonspecific ileus 
pattern

II Infants with definitive 
NEC but without 
indication for surgical 
intervention

Persistent 
or marked 
gastrointestinal 
or systemic 
manifestations

Abdominal 
radiograph with 
pneumatosis 
intestinalis

III Infants with more 
advanced NEC, 
defined by intestinal 
necrosis, signs of 
clinical deterioration 
or intestinal 
perforation

Above 
signs with 
deteriorating 
vital signs, 
evidence of 
septic shock 
or marked 
gastrointestinal 
haemorrhage

Above radiographic 
signs with 
pneumoperitoneum 
or other signs 
suggestive of 
intestinal necrosis

Table 70.1: Specific and nonspecific signs of NEC.

Figure 70.4: Decubitis abdominal radiograph demonstrating pneumoperitoneum 
(arrow); Rigler’s sign is also seen.

for surgery in its own right as it may be a transient phenomenon);

• constant (“fixed”) small bowel loop present on serial x-rays, which 
indicates necrotic loop of bowel;

• ascites;

• thickening of the abdominal wall due to cellulitis;

• outline of falciform ligament highlighted by intraperitoneal air 
(“football sign”); and

• outlining of the intestinal wall between two gas lucencies (“Rigler’s 
sign”).

Bell Staging System 
Based on this initial work-up, patients with a presumed diagnosis of 
NEC can be classified into one of three clinical stages, as described by 
Bell et al.37 (Table 70.2).  

Table 70.2: Simplified Bell staging system for NEC..

Source: Kliegman RM, Fanaroff AA. Necrotizing enterocolitis. N Engl J Med 1984; 310:1093–1103.

Differentiation of NEC from Spontaneous              
Intestinal Perforation
Spontaneous intestinal perforation (SIP) or focal intestinal perforation 
(FIP) have been reported as disease entities different from NEC. The 
aetiology, pathophysiology, and best treatment of spontaneous intesti-
nal perforation remain subjects of ongoing research, but the principles 
for the management of NEC mostly apply. Similar to NEC, FIP presents 
with the sudden onset of a pneumoperitoneum. However, unlike NEC, 
FIP often represents a small isolated perforation, which may spontane-
ously seal without surgery in the very low weight infant (<1,000 g). 

Management
Initial management of acute NEC consists primarily of supportive care. 
If patients are receiving enteral alimentation, the feedings should be 
discontinued and an orogastric tube should be placed to decompress 
the stomach. Aggressive intravenous fluid resuscitation is critical in the 
early phase of NEC to prevent exacerbation of intestinal hypoperfu-
sion, and a catheter may be inserted into the bladder to help monitor 
urine output and adequacy of resuscitation. Blood and urine cultures 
should be obtained, and broad-spectrum antibiotics should be adminis-
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tered. Currently, the recommended antibiotic therapy regimen includes 
ampicillin, gentamicin, and clindamycin or metronidazole to cover 
gram-positive, gram-negative, and anaerobic bacteria, respectively. In 
a series reported by Chan et al., several gram-negative bacteria resistant 
to ampicillin or gentamicin were isolated.38 Thus, depending on the 
antimicrobial profile of the institution, different antibiotic strategies 
may be required to treat the emerging strains of bacteria. 

In addition to clinical exams and continued haemodynamic 
monitoring, disease progression should be monitored by using serial 
abdominal radiographs, ideally obtained every 6 to 8 hours. Daily 
and as-needed x-rays may be sufficient, however, if that is all the 
resources will allow. Imaging protocols should include both vertical 
and horizontal beam radiographs to ensure adequate sensitivity for 
signs of disease progression. Many institutions use supine abdominal 
images along with cross table lateral images, which allow the 
infants to remain supine, thereby minimising repositioning of the 
unstable patients.24 Alternatively, decubitus films often more clearly 
demonstrate pneumoperitoneum. If repeat radiographs display an 
unchanged or improving pattern of pneumatosis intestinalis, then 
expectant management may be continued, provided that the infant 
remains haemodynamically stable. 
Acute Medical Management Summary
In the absence of surgical indications, acute medical management of 
patients with suspected NEC includes the following: 
1. Resuscitation: intravenous fluids, nasogastric decompression, 
careful control of acid-base balance, and correction of electrolyte 
abnormalities.
2. Cessation of oral feeds and medications.
3. Broad-spectrum antibiotics: guided by cultures and local 
microbiological profile.
4. Management of thrombocytopaenia and abnormal clotting profile; 
important due to the potential for cerebral bleeds.
5. High index of suspicion for complications: frequent monitoring and 
reassessment as well as x-ray monitoring in the acute patient to look 
for pneumoperitoneum (6 to 8 hourly or as clinically indicated).
6. Early surgical consultation.
Surgical Indications
Indications for surgical intervention focus on signs of perforation or 
impending perforation. Development of pneumoperitoneum on abdom-
inal radiograph is considered an absolute indication for surgical inter-
vention. Other signs, such as a fixed loop on abdominal radiographs, 
an abdominal mass or erythema of the abdominal wall on physical 
exam, positive paracentesis, or little to no clinical improvement despite 
optimal medical management, are considered relative indications. 
Some authors argue that portal venous air on radiography should also 
mandate surgical intervention due to its associated poor prognosis (70% 
mortality in some series), although this is not a universally accepted 
view.39,40 With the exception of evidence of pneumoperitoneum, the 
timing and method of surgical intervention must be made based on 
individual cases. 
Exploratory Laparotomy versus Primary Peritoneal 
Drainage
Although there is a general consensus regarding the factors and relative 
indications for surgical intervention, in the setting of acute NEC, con-
troversy persists regarding the optimal surgical strategy. Some authors 
have advocated primary peritoneal drainage alone as definitive therapy 
for advanced NEC.41,42 Primary peritoneal drainage is performed by 
using a 0.5–1–cm incision to evacuate the peritoneum of all faecal 
and purulent content followed by aggressive irrigation and placement 
of a drain. Advocates of primary laparotomy argue that many patients 
with NEC treated initially with peritoneal drainage require subsequent 

laparotomy43,44 and therefore primary laparotomy would minimise the 
number of surgical interventions in these patients. A recent multicen-
tred, prospective randomised trial comparing laparotomy to primary 
peritoneal drainage in patients weighing less than 1,500 g with perfo-
rated NEC showed no significant difference in survival, dependence 
on parenteral nutrition, or length of hospital stay.43 It has also been 
suggested that peritoneal drainage may be particularly suited to the 
treatment of infants less than 26 weeks gestational age or who weigh 
less than 1,000 g because isolated intestinal perforations are more fre-
quently encountered in this patient population.44 In regions with scarce 
resources and a shortage of skilled personnel, primary peritoneal drain-
age may be the best initial option for all NEC patients who meet the 
criteria for surgical intervention.
Extent of Surgical Intervention
Most authors agree that the extent of surgical intervention should be 
determined by the degree of bowel involvement encountered at lapa-
rotomy. Approximately 50% of infants with acute NEC present with 
focal disease, and the other 50% present with multiple areas of involve-
ment.43 Nearly 20% of infants treated surgically for NEC are found 
to have pan-involvement, which is defined as disease encompassing 
greater than 75% of the total intestine.34 

Focal Perforation
Exploratory laparotomy with limited resection and creation of an enter-
ostomy remains the standard of care for infants with NEC found to have 
a focal perforation. Recently, some authors have advocated intestinal 
resection with primary anastomosis as an alternative to enterostomy, 
citing the high morbidity associated with enterostomies in the newborn 
population.43,45,46 Additionally, they argue, primary anastomosis affords 
the possibility of avoiding a second surgery. Advocates of resection 
and enterostomy creation maintain that the majority of stomal com-
plications are minor and easily managed.47 Additionally, early ostomy 
closure has been shown to be well-tolerated in this patient population48 
and therefore does not justify the added risk inherent in primary anasto-
mosis. Cooper et al. reported their experience with primary anastomosis 
as compared to resection and diversion at the Children’s Hospital of 
Philadelphia.49 They reported that overall survival for infants who 
underwent intestinal diversion was 72%, compared to only 48% for 
patients with primary anastomosis. Postmortem examination of 7 out of 
the 14 patients who died after primary anastomosis revealed two anas-
tomotic leaks and a gangrenous anastomosis that was easily disrupted 
during the postmortem exam. The authors of that study concluded that 
primary anastomosis is not comparable, much less superior, to intestinal 
diversion. 
Principles of Surgery 
NEC with pan-involvement carries the highest mortality rates;50 infants 
who survive often develop short-bowel syndrome and long-term TPN 
dependence with associated complications.1,33 As such, surgical strate-
gies have focused on minimising the extent of bowel resection without 
compromising patient outcome. One such strategy is primary peritoneal 
drainage as a temporising measure to allow the infant time to regain 
haemodynamic stability and perfuse viable bowel, thus saving bowel 
that may have been resected with initial laparotomy.51 Some surgeons 
even suggest that peritoneal drainage may, in fact, serve a definitive 
therapy for some cases of NEC, particularly for VLBW (<1,000 g) 
infants.52,53 Nevertheless, the majority of infants treated with peritoneal 
drainage require subsequent laparotomy in some series.54 Currently, 
peritoneal drainage is considered by many as an initial approach in 
haemodynamically unstable VLBW infants with NEC to allow resusci-
tation and stabilisation prior to definitive laparotomy.46 

When initial laparotomy is employed, the overriding consideration 
is to spare as much bowel as possible to prevent short bowel syndrome. 
Aggressive resection of all diseased segments leads to sacrifice of 
intestine with borderline viability, and creation of multiple ostomies 
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Late Complications
Late, or postdischarge, complications of NEC are often chronic in 
nature. Infants with stage II or greater NEC are reported to have a 
significantly higher risk of long-term neurodevelopmental impairment 
compared to similar infants without NEC.59 Additionally, surgery for 
NEC has been shown to be an independent risk factor for physical, psy-
chomotor, and neurodevelopmental impairment compared to VLBW 
infants without NEC.60 Although the reason for this increased risk of 
neurodevelopmental delay is not entirely clear, some studies suggest 
that increased duration of parenteral nutrition may render the neonate 
particularly susceptible to this issue.61 Due to the high risk of preterm 
infants with NEC developing neurodevelopmental disability, most 
units now recommend close follow-up for all ≤1,250-gram infants who 
develop stage II or III (clinical) NEC.

Prevention Strategies
Treatment strategies to reduce the incidence of NEC have targeted 
some of the perinatal insults believed to contribute to its pathogenesis, 
such as bacterial colonisation, immaturity of the neonatal defense sys-
tem, and formula feeding.62 Some approaches include (1) administra-
tion of prophylactic oral antibiotics to decontaminate the gut63–65; (2) 
administration of glucocorticoids to accelerate epithelial cell matura-
tion;66–68 and (3) administration of human (breast) milk, which is replete 
with substances that are both immunologically active as well as trophic 
for the intestinal mucosa.69,70 
Oral Antibiotics
The use of prophylactic oral antibiotics for the prevention of NEC has 
met with mixed results. The theory behind the proposed efficacy of 
antibiotic treatment is that gut decontamination may prevent potential 
pathogens from invading the bowel wall after mucosal breakdown. 
Indeed, results of one trial suggested early introduction of such anti-
biotics as gentamicin and amoxicillin in cases of suspected NEC have 
been shown to have a protective effect.71 However, subsequent trials 
failed to demonstrate a reduced incidence of NEC in patients receiving 
prophylactic antibiotics.72 As such, the issue of prophylactic antibiot-
ics in the prevention of NEC remains controversial and is not com-
monly practiced due to the inherent risks of antibiotic resistance and 
pseudomembraneous colitis. A new area of study that is being actively 
researched is administering probiotic bacteria in an effort to prevent 
pathogenic bacteria from colonising the intestine.73 
Corticosteroids
A large multicentred trial reported a decreased incidence of NEC in 
infants of mothers who received prenatal steroids.57 Similarly, a 12-day 
course of postnatal steroids reduced the incidence of NEC in newborn 
infants with respiratory distress syndrome.74 These results, however, 
are called into question as a meta-analysis performed by the Cochrane 
Database of 15 randomised trials of postnatal steroids demonstrated no 
benefit in the prevention of NEC. Thus, the question of whether steroids 
should be used in the prevention of NEC remains unresolved.75

Human Breast Milk
Studies have shown that neonates fed with human breast milk are 10 
times less likely to develop NEC, although the exact mechanism of this 
protective affect is unknown.76,77 Possible protective factors present in 
breast milk include macrophages, neutrophils, lymphocytes, lactoferrin, 
oligosaccharides, growth factors, and immunoglobulins.60 In a land-
mark study by Eibl et al.,78 supplementation of standard formula with 
IgA and IgG reduced the incidence of NEC in a cohort of premature 
infants. Subsequent trials using monomeric IgG supplementation alone 
showed conflicting results.79,80 Ultimately, the question regarding the 
mechanism by which breast milk exerts its protective effect is yet to 
be elucidated. 

results in loss of intestinal length at the time of stoma closure. For 
this reason, a second-look laparotomy after proximal diversion has 
been proposed as an alternative to initial extensive resection. Weber 
and Lewis55 reported their results of 32 infants with acute NEC who 
underwent operative intervention with resection of only frankly 
necrotic bowel and proximal diversion. Survival of the 14 infants who 
met criteria and underwent a second-look surgery was similar to that of 
the infants who underwent only one procedure. The authors concluded 
that a second-look strategy results in survival rates similar to a single-
stage procedure while potentially sparing intestinal length. 
Surgical Indications in Developing Nations
Much of the success over the years in the treatment of NEC has been 
afforded by supportive care and sophisticated ICUs and therefore has 
not been manifest in segments of the developing world. Banieghbal 
and colleagues have suggested the institution of more aggressive 
surgical protocols in developing nations that do not have modernised 
intensive care unit capabilities may lead to improved survival in those 
regions.17 In their prospective study, conducted at a single institution in 
Johannesburg, South Africa, 450 neonates with NEC were treated with 
a more aggressive surgical protocol, and results were compared to prior 
data collected using the more classic criteria described by Kosloske.56 
The aggressive surgical protocol consisted of:
1. Laparotomy is undertaken in all patients with radiological 
perforation within 8 hours.
2. Any neonate with peritonitis on clinical exam is actively resuscitated 
and re-examined in 4–6 hours. Continuing peritonitis is an indication 
for laparotomy within 4 hours.
3. If the main area of disease is found to be in the ileocolic region, 
extended colonic resection for all macroscopic disease is performed 
with ileostomy creation.
4. In the cases of multiple areas of perforation/necrosis, only the most 
obvious necrotic/perforated bowel is excised with anastomosis or 
enterostomy, and a second-look laparotomy is performed in 3–4 days. 
The authors reported an overall decrease in mortality rate from 82% 
to 48%, with the institution of the more aggressive surgical protocol. 
Infants with active disease involving a limited length of the terminal 
ileum and/or colon derived the greatest benefit from the more 
aggressive protocol. Each individual hospital/region must decide 
whether this protocol or one using primary peritoneal drainage is 
suitable for the local resources available.

Postoperative Complications
The overall mortality rate for NEC is 15–30%. Smaller infants, infants 
with a larger proportion of diseased intestine, and infants undergoing 
surgery have the highest mortality rates. With improvements in support-
ive care and monitoring, the survival rate for patients with NEC has been 
increasing, calling attention to the issue of postoperative complications 
in those survivors. Overall, infants <28 weeks gestation had a signifi-
cantly higher complication rate (47%) compared to those further along 
in gestation (29%).57 Complications of NEC can be separated into early 
or predischarge complications and late, usually chronic, complications. 
Early Complications
A multiinstitutional observational study reported that 39% of NEC 
patients who underwent surgery had some type of stomal or wound 
complication.57 One multicentred prospective cohort study reported the 
overall incidence of postoperative intestinal stricture at 10.3% and an 
intraabdominal abscess occurred in 5.8%, with no difference between 
the initial laparotomy versus the initial drainage group.58 Laparotomy 
was found to have a 7.9% incidence of wound dehiscence as compared 
to a 1.3% incidence in the initial drainage group. The overall rate of 
prolonged parental nutrition, defined as lasting >85 days, is 11% and 
was similar for the drainage and laparotomy groups. 
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Title Indications for operation in necrotizing enterocolitis revisited

Authors Kosloske AM

Institution Department of Surgery, Ohio State University College of 
Medicine, Columbus, Ohio, USA: University of New Mexico 
Hospital, Albuquerque, New Mexico, USA

Reference J Pediat Surg 1994; 29(5):663–666

Problem Evaluation of 12 criteria as predictors of intestinal gangrene 
in patients with necrotising enterocolitis.

Comparison/
control 
(quality of 
evidence)

A series of 147 infants treated for NEC was analysed 
to evaluate the accuracy of 12 proposed findings as 
indicators of intestinal gangrene. These findings included 
pneumoperitoneum, portal venous gas, fixed loop, 
fixed abdominal mass, erythema of abdomen, positive 
paracentesis, severe pneumatosis, clinical deterioration, 
low platelet count, severe gastrointestinal haemorrhage, 
abdominal tenderness, and gasless abdomen/ascites. 
Operation was performed (usually resection and 
enterostomy) for evidence of intestinal perforation or 
gangrene. Intestinal gangrene was documented for all infants 
by either operation, autopsy, or radiographic findings of 
pneumoperitoneum or intestinal stricture. 

Outcome/
effect

The findings of pneumoperitoneum, portal venous gas, and 
positive paracentesis each had specificities and positive 
predictive values approaching 100% with a prevalence 
greater than 10%. Pneumoperitoneum had a prevalence of 
48%. The findings of a “fixed-loop,” palpable abdominal mass 
and erythema of the abdominal wall also had specificities 
and positive predictive values approaching 100% but had 
a prevalence below 10%. Severe pneumatosis had a 
specificity of 91%, and positive predictive value of 94% and 
a prevalence of 20%. The remaining five findings all had 
specificities below 90%, positive predictive values below 
80%, and prevalence ranging between 2% and 28%.

Historical 
significance/ 
comments

Although no single finding is particularly sensitive for 
intestinal necrosis, the findings of pneumoperitoneum, portal 
venous gas, positive paracentesis, fixed-loop sign, palpable 
abdominal mass, and erythema of the abdominal wall all 
had specificities approaching 100% and may be used as an 
indication for surgical intervention. Severe pneumatosis was 
also found to have a fair specificity for intestinal necrosis. The 
remaining findings had poor specificity and positive predictive 
value. Although seven of these findings were highly specific 
for intestinal necrosis, the prevalence of these signs were 
low. As such, the absence of these findings cannot rule out 
intestinal necrosis, and the decision for surgical intervention 
will often rely on clinical judgment of the managing surgeon. 

1. Necrotising enterocolitis occurs in 1–3 infants per 1,000 live births.

2. Ninety percent of cases occur in premature infants.

3. Mortality rates range between 15% and 30%. 

4. The aetiology and pathophysiology of the disease is not well 
understood.

5. Prematurity as well as timing and content of gastrointestinal 
feeding are the most consistent risk factors associated with NEC. 

6. Human breast milk has been shown to be protective against 
the development of NEC. 

7. NEC presents with both specific gastrointestinal signs 
of vomiting, distention, and blood per rectum as well as 
nonspecific signs of haemodynamic instability.

8. Abdominal radiography is the primary imaging tool in 
establishing the diagnosis of necrotising enterocolitis.

9. Pneumoperitoneum is an absolute indication for surgical 
intervention; relative indications include a fixed-loop on 
abdominal radiographs, an abdominal mass or erythema of the 
abdominal wall on physical exam, positive paracentesis, and 
whether there is little or no evidence of clinical improvement.

10. Primary peritoneal drainage and laparotomy are comparable 
treatments for perforated necrotising enterocolitis.

11. Surgical goals focus on resection of frankly necrotic bowel with 
an effort to preserve intestinal length.

12. Advances in intensive care unit facilities in developed nations 
have translated into improved survival in patients with NEC.

13. More aggressive surgical protocols may improve survival in 
developing nations that lack modern intensive care unit facilities.

Key Summary Points

Ethical Issues
Many of the ethical issues involved in the treatment of NEC in devel-
oping nations relate to the challenge of proper and efficient allocation 
of scarce resources. The survival rate of the disease often relies on 
prolonged, intensive, and costly ICU care, so the question arises as to 
the advisability of expending precious time and money on aggressive 
interventions only to yield poor survival rates. Additionally, a high 
percentage of the survivors of NEC in these regions end up with long-
term complications that cannot be adequately managed, which leads to 
further morbidity and mortality. These issues must be evaluated based 
on the resources of each individual region. 

Table 70.3: Evidence-based research.

Table 70.4: Evidence-based research

Title Laparotomy versus peritoneal drainage for necrotizing 
enterocolitis and drainage

Authors Moss RL, Dimmitt RA, Barnhart DC, Sylvester KG, Brown 
RL, Powell DM, et al. 

Institution Yale University School of Medicine, New Haven, 
Connecticut, USA; among others 

Reference N Engl J Med 2006; 354(21):2225–2234

Problem Evaluation of primary peritoneal drainage versus laparotomy 
in infants with perforated necrotising enterocolitis.

Intervention Laparotomy, primary peritoneal drainage.

Comparison/
control 
(quality of 
evidence)

The population was 117 preterm infants (delivered before 
34 weeks of gestation) with birth weights less than 1,500 g 
and perforated NEC at 15 paediatric centres randomised 
to undergo primary peritoneal drainage or laparotomy with 
bowel resection. Postoperative care was standardised. The 
primary outcome was survival at 90 days postoperatively. 
Secondary outcomes included dependence on parenteral 
nutrition 90 days postoperatively and length of hospital 
stay. 

Outcome/
effect

At 90 days postoperatively, there was no significant 
difference in mortality between the drainage and 
laparotomy groups (34.5% versus 35.5%, P = 0.92). 
There was also no significant difference in dependence on 
parental nutrition (47.2 % versus 40.0%, P = 0.53) or mean 
length of stay (126±58 days and 116±56 days, respectively; 
P = 0.43). 

Historical 
significance/ 
comments

This randomised, prospective trial suggests that treatment 
with primary peritoneal drainage and laparotomy with bowel 
resection are comparably efficacious in the treatment of 
perforated NEC. Mortality in this patient population was 
found to be ~35%. Although 5 out of the 30 patients (16.7%) 
in the primary peritoneal drainage group subsequently 
required laparotomy for clinical deterioration, drainage 
obviated the need for laparotomy in the remaining infants 
without any discernible increase in mortality. 

Evidence-Based Research
Table 70.3 presents a study that compares primary peritoneal drainage 
and laparotomy in infants with perforated NEC. Table 70.4 revisits 
indications for surgery in NEC.
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CHAPTER 71

Short Bowel Syndrome
Alice Mears

Kokila Lakhoo
Alastair J. W. Millar

Introduction
Short bowel syndrome (SBS) is defined as intestinal failure due to a 
loss of intestine resulting in inadequate length of bowel for maintaining 
the nutrition and hydration of the individual without either intravenous 
or oral supplementation.

With some reported exceptions, the minimum length of small bowel 
required for infant survival on enteral feeds is generally 25 cm in the 
presence of an intact ileocaecal valve (ICV) and colon, and 40 cm 
without an ICV and large bowel. Note that norms of intestinal length vary 
considerably, with a range of 250 cm to 300 cm of small bowel at term. 
The estimated length in a preterm infant of 26 and 32 weeks gestation 
is 70 cm and 120 cm, respectively. Thus, gestational age is an important 
factor. However, an infant is considered to have SBS when he or she 
behaves as if SBS is present, and the infant should be treated as such.

The intestine has the ability to adapt over time such that up to half 
of patients with SBS who initially require total parenteral nutrition 
(TPN) may be weaned off and gradually gain independence from 
TPN. However, in the absence of the availability of TPN, SBS carries 
a dismal prognosis. The management of SBS is resource-intense, 
requiring the availability of intensive care, TPN, and expert medical 
and surgical intervention. Even in optimal settings, infants and children 
with SBS suffer extensive morbidity and mortality. In most countries in 
Africa where TPN is not available, the outcomes are poor.

Demographics
Short bowel syndrome is mercifully rare. In Europe, the incidence is 
estimated to be approximately 2 per million. According to Gupta et al.,1 
the incidence of SBS in neonates is around 3 per 100,000 births per year. 
In Africa, the incidence is unknown because survival is close to zero.

Aetiology
Some of the common causes of short bowel syndrome are shown in Table 
71.1. SBS can be congenital, but is more generally acquired from surgi-
cal resection of bowel. Of the congenital bowel atresias type 3b (“apple 
peel” type) and type 4 (multiple atresias, “string of sausages” type) are 
most likely to result in SBS. Functional SBS can also occur where there 
is severe malabsorption despite adequate bowel length or intact bowel.

slowest transit time, between 24 and 150 hours. The efficiency of salt 
and water absorption also varies in the different parts of the intestine. 
The jejunum is very inefficient, with an efficiency of water absorption of 
44% compared to 70% in the ileum and greater than 90% in the colon. 
The corresponding estimates for efficiency of salt absorption are 13% 
in the jejunum, 72% in the ileum, and greater than 90% in the colon.
Jejunum
If the jejunum alone is lost, there is no permanent defect in absorp-
tion—the ileum will take over. However, the jejunum normally releases 
the hormones cholecystokinin, serotonin, gastric inhibitory peptide, 
and secretin. Lower secretion of these hormones due to absence of the 
jejunum will result in decreased pancreatic secretion, gallbladder con-
traction, and gastric hypersecretion. 
Ileum
The ileum is unique in absorbing vitamin B12 and bile salts. Absorption 
of nutrients takes place throughout the small bowel. Ileal resection 
results in decreased transit times and salt and water absorption. A larger 
than normal volume of fluid and electrolytes enters the colon. The reab-
sorption of bile salts is decreased and so their synthesis is increased. 
The flow of unabsorbed bile salts into the colon irritates the colon and 
impairs its ability to absorb salt and water, leading to choleretic diar-
rhoea. The depletion of the bile salt pool leads to cholelithiasis and fat 
malabsorption, resulting in steatorrhoea.

The degree of fat and carbohydrate malabsorption is related to the 
length of ileum resected. There is also reduced absorption of essential 
minerals, including calcium, magnesium, zinc, and phosphorus. 
Furthermore, there is an excessive loss of zinc in diarrhoea, leading to 
immune deficiency.
Ileocaecal Valve
Loss of the ICV reduces gut transit time. The loss of this barrier 
between the small and large bowel also leads to bacterial overgrowth 
of the remaining gut.
Colon
It is thought that the colon in SBS is important for driving adaptation 
of the gut as well as assuming an increased importance in absorption 
of water, potassium, and sodium as well as carbohydrates. Without the 
colon and ICV a longer length of ileum is required for survival.

Intestinal Adaptation
Intestinal adaptation2 is the process whereby the intestine adjusts to its 
loss of length through hyperplasia of the mucosal surface in an effort 
to increase its absorptive capacity. The bowel dilates, lengthens, and 
thickens to increase the efficiency of absorption per unit length. There 
is an increase in the number of cells in the proliferating zones of the 
crypts, and villus height increases, resulting in an increased surface area 
for absorption. Histological evidence of adaptation can be seen from 
48 hours after bowel resection, and diarrhoea is seen to decrease over 
the first 3 months. Early adaptation may take years and is greater with 
proximal than distal bowel resection. 

Congenital Acquired

Atresia
Gastroschisis
Hirschsprungs disease 
(long segment)

Midgut volvulus
Mesenteric infarction (e.g., sickle cell crisis)
Necrotising enterocolitis; adhesive band 
   obstruction/strangulation
Trauma

Table 71.1: Common causes of short bowel syndrome.

Pathophysiology 
The effects of loss of bowel length depend on the type and length of 
bowel remaining.1

Small bowel motility is three times slower in the ileum than in the 
jejunum. The ileo-caecal valve also slows transit. The colon has the 
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Note: EN = enteral nutrition; FOG = faecal osmolar gap; LCT =  long-chain triglycerides; MCT = 
medium chain triglycerides; MVT = multivitamins; NB = nota bene (note well); NGT = nasogastric 
tube; ORS =oral rehydration solution; PN = parenteral nutrition; TE = total energy (requirements); 
TPN = total parenteral nutrition.

Figure 71.1: Algorithm for the management of short bowel syndrome to ensure 
that each patient attains and maintains optimal nutrition.

Source: Adapted from Marino, L. Western Cape Guidelines for Management of short bowel 
syndrome.
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Adaptation is driven by the increased load of fatty acids, 
carbohydrates, and proteins on the enteroglucagon-producing cells 
found in the ileum. Enteroglucagon stimulates ornithine decarboxylase, 
which in turn stimulates crypt cell proliferation. In animal models, 
other factors (e.g., glutamine, epidermal growth factor, cholecystokinin, 
and somatostatin) have also been shown to be involved in intestinal 
adaptation, although there is little evidence so far that their clinical use 
increases adaptation in humans.

The colon can become a digestive organ in patients with SBS. 
Bacteria in the colon can ferment undigested starch and fibres into 
short chain fatty acids, which are the preferred fuel for colonocytes. 
An intact colon will increase its energy absorption during the adaptive 
phase postoperatively by increasing the fermentation of carbohydrates.

The caloric requirement per kilogram also decreases with age, 
particularly after 1 year of age, which also contributes towards adapting 
to a shorter bowel length.

Management
The initial and primary consideration in the immediate period following 
extensive bowel resection3 concerns fluid and electrolyte balance, even 
before calories. Gastric hypersecretion in the early period requires con-
trol with an H2 receptor antagonist or proton pump inhibitor. Patients 
should be initially kept NPO (nothing by mouth) and have a nasogastric 
tube placed on free drainage, as well as a urinary catheter placed for 
monitoring fluid balance. All patients will require intravenous fluids to 
replace fluid losses.

Sodium and potassium chloride are the most important ions to closely 
monitor and replace. An infusion of normal saline (0.9%) with potassium 
chloride should be used to replace millilitre for millilitre measured enteral 
(stoma and nasogastric) fluid losses. Additional amounts of sodium and 
potassium may need to be given separately to avoid deficiency. Urine 
output should be monitored, and an adequate urine output maintained. 
Urinary sodium levels, where available can also be used to monitor 
sodium loss. A urine sodium level >30 mmol/l should be maintained. 

Nutritional therapy should not be introduced until the patient is 
haemodynamically stable and fluid management is relatively stable, 
which is likely to be a few days after bowel resection.

Nearly all patients with SBS will require parenteral nutrition to 
survive the period while the bowel adapts. Avoidance of TPN depends 
on the anatomy of the remaining bowel; patients with an intact colon 
are the most likely to be able to survive without TPN.

Oral feeds can be started at the same time as parenteral feed and 
gradually increased as tolerated by the patient. Parenteral nutrition is 
then decreased as enteral feeding is increased.

In infants, breast milk with oral sodium and vitamin supplements 
can be used.

The initial oral treatment in older children should be with oral 
rehydration solution and a gradual introduction of carbohydrates. 
Children with SBS will require a diet high in calories from both fat 
and carbohydrates to provide sufficient calories despite malabsorption. 
They will also need supplements of potassium, sodium, magnesium, 
calcium, fat-soluble vitamins (large doses of vitamins A, D, and E), 
and zinc. Sodium is vital because it stimulates the bowel to absorb, 
promoting adaptation. Vitamin B12 injections are specifically required 
with the loss of the distal ileum.

Loperamide can be used to slow intestinal transit and decrease 
diarrhoea. In those patients with a stoma, effluent from the proximal 
bowel stoma can be introduced down the mucous fistula to promote 
bowel growth and adaptation of the distal bowel before stoma closure. 

As feed is introduced, those patients who will tolerate enteral 
feeding and those who will be dependent on parenteral nutrition will 
become apparent. Bowel adaptation can take months or years, so 
survival of these patients will depend on funding for, and availability 
of, home parenteral nutrition.

Other medications used are cholestyramine to reduce the irritant 
effect of bile salts on the colon, ursodeoxycholic acid to reduce 
cholestasis, and intermittent use of oral antibiotics to reduce bacterial 
overgrowth (see algorithm in Figure 71.1).

Surgical Options
The main aims of surgery for SBS are to correct mechanical obstruc-
tion in order to decrease bacterial overgrowth, and to maximise bowel 
length. More recently, intestinal transplant has become a reality in 
selected centres worldwide. Stomas should be closed as early as pos-
sible so that all potentially functional bowel is used. 
Tapering

Isolated dilated stagnant sections of bowel are a site for bacterial 
overgrowth. If symptoms of bacterial overgrowth are present, then 
dilated segments should be treated with tapering, especially in the 
duodenum and jejunum. This procedure involves excision of the 
antimesenteric border of the dilated portion of bowel. This enables 
more effective peristalsis, thus reducing stasis and bacterial overgrowth. 
Inversion placation has been used in an attempt to preserve mucosa but 
tends to unravel despite technical modifications such as seromuscular 
stripping of the inverted segment.
Bowel Lengthening
Bowel lengthening relies on the presence of dilated bowel resulting 
from intestinal adaptation and should therefore be reserved until 6 
months to 1 year following initial bowel resection.

The two main bowel-lengthening procedures are Bianchi’s 
longitudinal intestinal lengthening and tailoring (LILT)4 and serial 
transverse entroplasty (STEP)5.

Bianchi’s LILT procedure (Figure 71.2) makes use of the bifurcation 
of the mesenteric vessels at the mesenteric border of the small bowel. 
The bowel is divided longitudinally between the mesenteric and 
antimesenteric borders along its dual blood supply, dividing the bowel 
into two limbs, each with a blood supply. These two limbs are then 
closed and anastomosed end to end, thus doubling that length of bowel. 

In one series, 9 of 20 patients survived with this procedure, 7 of 
whom were able to wean off TPN. Factors associated with success were 
lack of liver failure and presence of at least 40 cm of intestine before 
the doubling procedure.

Figure 70.2: Bianchi’s LILT procedure: (A) A natural plane between the leaves 
of the mesentery is found by dividing the bowel as shown (dotted line) and 
using upwards and outwards traction on the divided bowel. The bowel and 
mesentery are divided into two along the length so each hemisegment of 
bowel has a leaf of mesentery with blood supply. (B) The two hemisegments 
are then tubularised by using a continuous horizontal mattress 5/0 absorbable 
suture. (C) The opposite ends of the two new bowel segments are apposed and 
anastomosed in an S-shape with the bowel overlying the mesentery.

A

B

C
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Figure 70.3: The STEP procedure: (A) A GIA stapler is used transversely 
across the dilated bowel from the antimesenteric border, leaving 2 cm of 
the bowel diameter uncut. The next cut is taken too distally this time from 
the antimesenteric border via a small gap created in the mesentery. (B) The 
GIA stapler is used down the bowel, alternating between the mesenteric and 
antimesenteric border as shown (dotted lines). Care is taken to keep the GIA 
stapler perpendicular to the mesentery to preserve the blood supply.

Isolated liver transplants can be offered to some infants with early-
onset liver failure but with sufficient bowel length such that adaptation 
could be expected. 

The 5-year survival is approximately 70%; however, around 25% of 
patients die while on the waiting list for a transplant. 

Prognosis and Outcomes of SBS 
Long-term survival without TPN depends on the remaining bowel 
length. With TPN availability, survival is related to complications of 
TPN rather than to bowel length. The overall mortality of infants with 
SBS on TPN is 10–25%.

The two main causes of death and long-term morbidity in patients 
with short gut on TPN are liver failure and sepsis. In children, liver 
failure is secondary to intrahepatic cholestasis. This is most common 
in those who are entirely TPN dependent with no enteral feeding. It 
is also seen more frequently in neonates who are premature, have 
low birth weight, and have recurrent sepsis. The other main cause of 
death—septicaemia—arises because a complete lack of enteral nutrition 
results in bacterial overgrowth of the bowel and mucosal atrophy with 
impaired mucosal immunity, leading to an increased incidence of sepsis. 
Recurrent septicaemia is also related to central venous catheters. Early 
enteral feeding is therefore vital if these complications are to be reduced. 

Even after discharge from hospital on full enteral feeds, infants 
are at risk during episodes of enteric infection, when rapid fluid and 
electrolyte loss may require emergency admission for intravenous 
rehydration. The management of a patient with SBS requires a 
multidisciplinary team, including paediatrician, surgeon, community 
nurse, dietitian, and pharmacist.

An audit of 63 patients with SBS seen at the Red Cross Children’s 
Hospital between 1998 and 2006 revealed the following: The mean 
gestational age was 32 weeks (range 25–40 weeks). The most 
frequent causes were necrotising enterocolitis (NEC) (40%), along 
with intestinal atresia, midgut volvulus, intestinal aganglionosis, and 
gastroschisis. Overall, mortality was 36.5% (23/63). The mean number 
of days on parenteral nutrition was 95 (range 30–420 days).

Ethical Issues
The annual cost of care of a patient with SBS on parenteral nutrition has 
been estimated at between $100,000 and $150,000, making such care 
beyond the reach of all but a few. Treatment of patients with significant 
bowel loss in resource-poor settings is likely to be limited to those who 
attain enteral feeding quickly and have sufficient bowel function to 
require only increased oral calories and vitamin and mineral supple-
mentation. There is therefore a need to counsel parents before surgery 
for bowel conditions that can potentially lead to short gut syndrome. 

Evidence-Based Research
Table 71.2 presents a comparison of intestinal-lengthening procedures 
for patients with SBS.

A B

The STEP procedure is shown in Figure 71.3. STEP registry figures 
show a mean pre-STEP bowel length of 68 cm achieving a mean post-
STEP bowel length of 115 cm. The percentage of enteral feeding increased 
from a mean of 33% preoperatively to a mean of 63% postoperatively.

Complications of bowel-lengthening procedures are high, including 
anastomotic and staple line leaks, bowel obstruction from adhesions or 
ischaemic strictures, bleeding, abscess formation, and death.

The limitations of bowel-lengthening procedures have led some 
authors to advocate that they should be reserved for those patients who, 
after 6 months of bowel adaptation, are tolerating more than half of their 
feeds enterally and would therefore have a greater chance of successfully 
becoming fully enterally fed following a lengthening procedure.
Intestinal Transplant
Intestinal transplant is offered in only a few centres worldwide. It is not 
an alternative to long-term TPN. It is reserved only for patients who 
are unable to have TPN, usually due to TPN-related liver disease or 
difficulty with venous access for TPN administration.

Intestinal transplant may involve (1) isolated bowel, for those with 
good liver function and normal motility; (2) bowel plus liver, for those 
with liver disease; or (3) multivisceral, which includes liver, bowel, 
stomach, and pancreas, for those with multiple abdominal organ failure 
and dysmotile bowel. The most frequent transplant performed for 
children with SBS is a liver plus bowel transplant. This procedure is 
currently limited to children weighing more than 5 kg due to the lack of 
size-matched donors.
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Table 71.2: Evidence-based research.

Title Comparison of intestinal lengthening procedures for patients 
with short bowel syndrome

Authors Sudan D, Thompson J, Botha J, Grant W, Antonson D, 
Raynor S, Langnas A

Institution Department of Surgery, Nebraska Medical Center, Omaha, 
Nebraska, USA

Reference Ann Surg 2007; 246(4):593–601; discussion 601–604

Problem Outcome of bowel-lengthening procedures.

Intervention A review of the clinical results of 24 years of intestinal 
lengthening procedures at one institution.

Comparison/
control 
(quality of 
evidence)

A retrospective review of a single centre experience 
comparing the outcome of two intestinal-lengthening 
procedures (Bianchi and STEP) in terms of survival, total 
parenteral nutrition (TPN) weaning, and complications.

1. Short bowel syndrome may be congenital or acquired. 

2. The effect of bowel resection depends on the site and length of 
bowel resected and the bowel remaining. 

3. Intestinal adaptation takes place by means of bowel dilatation, 
lengthening, and thickening to increase the efficiency of 
absorption per unit of length. 

4. Medical management is mainly supportive along with fluid and 
electrolyte balance, nutritional support with or without TPN, and 
infection control. 

Key Summary Points

5. Surgical options include tapering, bowel lengthening using the 
Bianchi approach, the STEP procedure, or bowel transplant. 

6. Long-term survival without TPN depends on the remaining 
bowel length. With TPN availability, survival is related to 
complications of TPN rather than to bowel length.

1. Gupte GL, Beath SV, Kelly DA, Millar AJW, Booth IW.  Current 
issues in the management of intestinal failure.  Arch Dis Child 
2006; 91:259–264.  

2. Duro D, Kamin D, Duggan C. Overview of pediatric short bowel 
syndrome. J Pediatr Gastroenterol Nutr 2008; 47(suppl 1):533–
536.

3. Ching YA, Guruk K, Modi B, Jaksic T. Pediatric intestinal failure: 
nutrition, pharmacologic and surgical approaches. Nutr Clin Pract 
2007; 22:653–663.

4. Goulet O. Short bowel syndrome in pediatric patients. Nutrition 
1998; 14:784–787.

5. Bianchi A. Intestinal loop lengthening: a technique for increasing 
small intestinal length. J Pediatr Surg 1980;15:145–151.

6. Tannuri U. Serial transverse enteroplasty (STEP): a novel bowel 
lengthening procedure, and serial transverse enteroplasty for short 
bowel syndrome. J Pediatr Surg 2003; 38:1845–1846.

References

Outcome/ 
effect

This review involved 64 patients, including 14 adults, who 
underwent 43 Bianchi and 34 STEP procedures between 
1982 and 2007. Three patients had prior isolated liver 
transplants. The median (range) remnant bowel length before 
first lengthening was 45 (11–150) cm overall (Bianchi = 44 
cm; STEP = 45 cm); and 68 (20–250) cm after lengthening 
(Bianchi = 68 cm; STEP = 65 cm). Actual survival is 91% 
overall (Bianchi, 88%; STEP, 95%), with a median follow-up 
of 3.8 years (Bianchi = 5.9 years; STEP = 1.7 years). Average 
enteral caloric intake in paediatric patients was 15 kcal/kg 
before lengthening and 85 kcal/kg at 1 year after lengthening. 
Sixty-nine percent of patients were off TPN at the most recent 
follow-up, including 8 who were weaned from TPN after 
intestinal transplantation. Liver disease (when present) was 
reversed in 80%. Surgical complications occurred in 10%, 
more commonly requiring reoperation after Bianchi than 
STEP. Intestinal transplantation salvage was required in 14% 
at a median of 2.9 years (range = 8 months to 20.7 years) 
after lengthening.

Historical 
significance/ 
comments

Surgical lengthening with both Bianchi and STEP 
procedures results in improvement in enteral nutrition, 
reverses complications of TPN, and avoids intestinal 
transplantation in the majority, with few surgical 
complications. Intestinal transplantation can salvage most 
patients who later develop life-threatening complications or 
fail to wean TPN.
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Introduction
A stoma (or ostomy) is the deliberate creation of an opening that com-
municates between the GIT and the exterior. The purpose could be for 
feeding, drug administration, bowel decompression, protecting distal 
anastomosis or other gut lesions, controlling faecal effluent in some 
cases of incontinence, or a combination of these indications. The basic 
types of stomas derive their names from the gastointestinal segment in 
which they are sited. For example, gastrostomy is sited in the stomach, 
jejunostomy in the jejunum, ileostomy in the ileum, and colostomy in 
the colon. Stomas may be categorised on the basis of the purpose for 
their creation; specific examples of commonly used stomas in children 
are shown in Table 72.1.

The use and management of gastrointestinal stomas in children 
has evolved since the early success with colostomy formation in the 
1800s. Improved surgical techniques, better understanding of the 
physiologic and psychological consequences of intestinal stomas, 
and advances in stoma care have contributed to a more rational use 
by paediatric surgeons and a wider acceptance in the medical and lay 
communities.1,2.

Although creating a stoma may be life saving and necessary to 
maintain a child’s health, the affected child and the child’s family or 
caregivers need to understand why the surgeon is considering stoma 
creation and should have some input. They need to understand what 
a stoma is, why it is necessary, and how it will function.3 It is also 
important that the child and the family understand the difficulties or 
complications that can be encountered. Discussions with the child’s 
school during the planning phase can also be helpful, as this can 
ensure the child’s smooth reintegration after surgery. The creation 
of a permanent stoma may need to be discussed openly, as some 
children and their families may believe that stoma creation is only a 
temporary measure.3

Common Types of Gastrointestinal Stomas
A good stoma is best obtained by careful preoperative planning, meticu-
lous surgical technique, and detailed attention to skin care. Different 
types of stomas are created for a variety of clinical reasons. Colostomy, 
the most common enterostoma used in children in sub-Saharan Africa, 
is discussed in greater detail in this chapter.
Gastrostomy
Gastrostomy is the creation of an opening between the stomach and 
the skin for the purpose of feeding, drug administration, and proximal 
decompression of the GIT. Other clinical scenarios that may require a 
gastrostomy include oesophageal obstruction due to corrosive oesopha-
geal stricture, severe maxillofacial trauma, achalasia of the cardia, and 
oesophageal carcinoma (in adults). A gastrostomy tube is most com-
monly placed by using the standard Stamm technique, but percutaneous 
endoscopic gastrostomy (PEG) and laparoscopic insertion are being 
introduced in a few centres.

Groups/purpose of enterostoma Specific examples

Stomas created without entering 
through bowel wall

Nasogastric tube
Nasogastrojejunal tube
Nasojejunal tube
Rectal tube
Colonic tube

Minimally invasive stomas through 
bowel wall

Tunneled catheter
Needle catheter
T-tube
Button, etc.

Isolated jejunal loop brought to 
abdominal wall

Roux-en-Y loop

Proximal decompression with distal 
loop for feeding

Nasogastric/nasojejunal tubes
Double-barrel jejunostomy
Double-barrel ileostomy

Antegrade irrigation and 
decompression

Caecostomy through appendix stump
Catheter placement, T-tube, etc. 

Colonic decompression, faecal/flatus 
diversion or evacuation

End stoma, single opening
Double-barrel stomas
End stoma with anastomosis below   
   abdominal wall.
Loop over a small rod or skin bridge.
Open loop with occluding valve, 
   T-tube device, etc.
Catheterisable pouch

Table 72.1: Categories of stomas with specific examples of common types in 
children.

Jejunostomy/Ileostomy
Stomas of the small bowel are commonly used for feeding, bowel decom-
pression, or diversion of distal disease. Specific indications include 
• bypass of gastric outlet obstruction;

• protection of distal anastomosis; 

• as a life-saving diversion procedure in clinically compromised chil-
dren with obstructive distal bowel lesions; and

• to rest and/or decompress distal bowel in cases of perforation and 
severe enterocolitis with surgical complications.

Colostomy
Colostomy is a stoma of the colon with the aim of diverting faeces and 
flatus. It is the most common stoma used in children. Indications for 
creation of a colostomy may be either congenital or acquired. 

Congenital indications are more common and include high anorectal 
anomalies and Hirschsprung’s disease. More rare congenital indications 
are rectovesical/rectovaginal fistula, cloacal exstrophy, and severe spina 
bifida with incontinence. Colostomy may also be beneficial for faecal 
diversion prior to resection of large congenital intrapelvic masses.

Acquired indications include bowel perforation, high fissure-in-ano, 
severe perineal traumas, posttrauma paralysis, and to protect distal 
anastomoses (such as coloanal anastomosis of pull-through procedures).
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Classifications of Stomas 
Stomas may be classified by using temporal, anatomical, or construc-
tional criteria. 
Temporal Stomas
Temporal classification is based on the anticipated duration of the 
stoma and is either temporary or permanent. Most stomas in children 
are temporary and are reversed as soon as possible. Permanent stomas 
may be necessary for patients with spinal cord injury and resultant 
paralysis or severe spina bifida. 
Anatomical Stomas
Anatomical classification is based on the anatomical portion of the 
colon in which the stoma is sited. Examples include sigmoid colostomy, 
when sited in the sigmoid colon; transverse colostomy, when sited in 
the transverse colon, which can be further subdivided into right-trans-
verse, mid-transverse, and left-transverse colostomy; and caecostomy, 
when sited in the caecum. 
Constructional Stomas
Constructional classification is based on how the stoma is constructed, 
and is of two major types: loop colostomy and divided colostomy.

Loop colostomy
An opening is made on the antimesenteric border of the colon without 
completely dividing it. A loop colostomy does not interrupt colon con-
tinuity and allows faecal material to pass beyond the stoma. Because 
some enteric material still enters the distal bowel, it is in essence a 
non-defunctioning stoma.1 The stoma may be looped over a rod to 
prevent retraction. Loop colostomies are easy to create and are quite 
useful in clinically compromised children when prolonged anaesthesia 
is undesirable. Loop ostomies are associated with a higher rate of com-
plications; therefore, most paediatric surgeons prefer divided stomas.4

Divided colostomy
In the divided stoma, the bowel is completely divided and the bowel 
continuity interrupted. Because intestinal content does not enter the dis-
tal bowel, divided stomas are also called defunctioning stomas. Divided 
stomas may be further subclassified based on what the surgeon does 
with the proximal and distal limbs. The most common variations are 
the double-barrel, Devine, and end stomas.

Stomas in which the distal limb is brought to the surface permit the 
release of secreted mucus, and provide access for contrast studies for 
the diagnosis of distal lesions and to assess the patency and integrity of 
the distal bowel before stoma closure. With end stomas, care must be 
taken to avoid leaving a Hartmann’s pouch in which complete drainage 
through the anus is prevented by an obstructing lesion within the distal 
bowel. In such cases, mucous distention of bowel above the obstruction 
may lead to perforation of the Hartmann’s pouch.
Double-barrel stoma
Both the proximal and distal limbs may or may not be plicated together 
but are brought out side-by-side through the same wound like a double-
barrel gun. The proximal limb discharges faeces and flatus, and the distal 
limb discharges mucus. If the two ends are brought too close together, 
or are included in a single stoma pouch, enteric contents may pass into 
the distal bowel, and such a stoma may not be completely defunctioning.
Devine stoma
In a Devine stoma, both proximal and distal limbs are brought out 
separately, sometimes through different incisions, and are separated by 
a skin bridge. When complete diversion of stool from the distal bowel 
is desired, this type of stoma is preferred over the double-barrel variety. 
End stoma
Here the proximal limb is brought out to evacuate faeces and flatus, 
and the distal limb is closed or oversewn and returned to the peritoneal 
cavity. The blind distal bowel, the Hartmann’s pouch, opens distally 
into the anus. 

Complications of Gastrointestinal Stomas
Major complications could occur in up to 75% of children following 
colostomy or ileostomy, with an overall revision rate of approximately 
15% (Table 72.2). Skin complications, such as dermatitis, granuloma, 
and ulceration, are the most frequent problems with ostomies. Most 
surgeons in Africa will not have access to dedicated enterostomal 
therapists, and therefore they need to be knowledgeable in the care of 
stomas and in the prevention and management of skin problems and 
other complications.

Stomas made in the small intestine (enterostomas) are associated 
with more complications than colostomies. In addition, transverse 
colostomies cause more problems than sigmoid colostomies. With 
temporary stomas, the occurrence of complications should prompt 
consideration for closure of the ostomy, rather than revision. 
Table 72.2: Stoma complications in children.

Source: Nwomeh B. Reoperation for Stoma Complications. In: Teich S, Caniano DA, eds. 
Reoperative Pediatric Surgery. Humana Press, 2008, Pp 279–285.

Complication Incidence (%)

Ischaemia/necrosis <1

Stenosis/stricture 3–6

Retraction 2–4

Prolapse 12–24

Parastomal hernia 1

Skin excoriation 20–30

Bleeding 1–10

Obstruction 1–6

Skin Excoriation
Skin excoriation is one of the most common complications following 
colostomy creation. It usually occurs due to (1) continuous wetting 
of the surrounding skin by effluent, which results in maceration; (2) 
allergic reaction to effluent; (3) enzymatic digestion of macerated tis-
sues; and (4) bacterial and fungal growth on the macerated exposed 
tissues. It is graded from 1 to 4, depending on the depth of excoriation. 
Management includes using a properly fitted colostomy bag, applying 
zinc oxide paste to the skin (or petroleum jelly when zinc oxide paste is 
not available), and keeping the skin dry as much as possible. In severe 
cases, it may be necessary to revise or relocate the stoma.
Wound Infection
Wound infection is most common when the stoma is sited within the 
main incision. To reduce the incidence of postoperative infection, the 
stoma should be placed at a separate location. Treatment is usually with 
antibiotics and good peristomal skin care. Drainage may be necessary 
if an abscess develops.
Retraction
Retraction occurs when the stoma retracts back to the peritoneal cavity. It 
is important to identify the cause of stomal retraction. The most common 
problem is undue tension on the stoma because the proximal bowel and 
its mesentery had not been adequately mobilised. Anchoring the bowel 
to the fascia with sutures cannot be relied upon to prevent retraction of 
the stoma because it does not mitigate the tension in the bowel. A second 
cause is stomal necrosis. Also, retraction may be due to prolonged sero-
sitis with subsequent shortening of bowel when the stoma has not been 
matured. The retracted stoma causes leakage of intestinal contents, which 
may interfere with the secure application of the appliance. 

Revision of the retracted stoma is usually required. The retracted 
stoma is often fixed in position and the goal is to mobilise sufficient 
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length of bowel and mesentery so that maturation of the stoma can be 
accomplished without tension. Additional mobilisation of bowel often 
requires a laparotomy, and limited bowel resection is performed to remove 
an ischaemic or stenotic segment. If the retracted stoma is sufficiently 
mobile to allow the bowel to be everted, the bowel walls can be fixed 
together by inserting several interrupted absorbable sutures with full 
thickness bites. The new stoma should be matured at the same site, except 
when retraction has resulted in significant skin excoriation or abdominal 
wall sepsis; in these cases, a new ostomy site should be established.4 

If available, several firings of a noncutting linear stapler (e.g., the 
GIA stapler without the blade) will simplify the procedure (Figure 
72.1). Adhesion between the serosal surfaces of the everted stoma will 
usually have occurred before the sutures are absorbed. The stapling 
technique involves the following steps:
1. The stoma is retracted to its full extent by placing three pairs of 
Babcock’s forceps (not shown in Figure 72.1). 
2. A noncutting linear stapler (without the blade) is placed with 
the jaws toward the mucocutaneous junction between the Babcock 
forceps. Care is taken to avoid the mesentery before firing the stapler. 
3. Three parallel rows of staples fix the two walls of the ileum together.
Prolapse
Stoma prolapse is a common and often frightening and distressing 
complication to the child and family. Loop stomas are more likely than 
end stomas to prolapse, and the distal segment of the loop stoma is most 
frequently affected. It often begins as a prolapse of the mucosa through 
the stoma, subsequently extending to the entire circumference of the 
bowel. Prolapse usually occurs when a skin opening is made to accom-
modate dilated bowel, which, upon shrinking, leaves a loose stoma. It 
may also be caused by inadequate fixation of the mesentery to the pari-
etal peritoneum. A prolapsed stoma may be traumatised by desiccation 
or by an ill-fitting appliance, which may lead to mucosal ulceration and 
bleeding. In the early stage, spontaneous or manual reduction is usually 
possible, but in cases of persistent prolapse, intestinal obstruction, or 
strangulated bowel, surgical intervention is required. 

For temporary relief, a nonabsorbable monofilament material 
(polypropylene or nylon) is used to place a simple purse-string suture, 
similar to the Thiersch technique for rectal prolapse (Figure 72.2). If 
this procedure is used in permanent stomas, however, the fixed ring 
may produce stenosis as the child grows. The procedure for the purse-
string suture technique follows:
1. A 1-cm skin incision is made at the medial angle of the stoma down 
to the subcutaneous tissue (Figure 72.2(A)).
2. A finger is inserted into the stoma as a guide, and a 1-0 monofilament 
nonabsorbable suture with a round cutting needle is passed around the 
colostomy, staying within the subcutaneous layer (Figure 72.2(B)). The 
needle is placed as far as it can comfortably go, usually about a quarter 
of the circumference, then brought out through the skin. 
3. The needle is passed again through the same skin exit site toward 
the lateral corner (Figure 72.2(C)).
4. One or two more passes of the needle are made as it marches 
circumferentially around the stoma until it is brought out through the 
medial incision. With a finger remaining in the lumen, the suture is 
tied, causing puckering of the stoma without completely occluding the 
lumen (Figure 72.2(D)). 

Another technique for temporary control of prolapsed stoma, 
described by Gauderer,5 involves the placement of a “U” stitch from the 
lumen of the reduced bowel through the abdominal wall with a double-
armed needle (Figure 72.3). Before tying the suture ends, each needle is 
passed through a pledget, thus creating an internal and external bolster 
that attaches the bowel to the body wall and prevents the suture from 
cutting through. The pledget made from a rubber catheter may be used. 
This technique has the following steps:

Figure 72.1: The stapling technique for fixation of a retracted stoma. See text 
for procedure.

Figure 72.2: Purse-string suture technique for correcting prolapsed stoma. See 
text for procedure.

  
Source: Nwomeh BC. Reoperation for stoma complications. In: Teich S, Caniano DA, 
eds. Reoperative Pediatric Surgery. Humana Press, 2008. Reproduced with permission.

Source: Nwomeh BC. Reoperation for stoma complications. In: Teich S, Caniano DA, eds. 
Reoperative Pediatric Surgery. Humana Press, 2008. Reproduced with permission.

1. The prolapse is reduced with a gentle inward pressure (Figure 72.3(A)).
2. A double-armed 3-0 nonabsorbable monofilament suture is used. 
One needle is placed through a latex bolster (or pledget) and a second 
needle is passed 2–3 cm into the reduced limb of the stoma, then 
through the bowel wall and out the abdominal wall an equal distance 
from the stoma. The needle is then placed through a separate bolster 
(Figure 72.3(B)). 
3. The suture is tied without undue tension, sandwiching the bowel 
and abdominal wall between the bolsters (Figure 72.3(C)). The inset in 
the figure shows the bowel adherent to the abdominal wall following 
removal of the bolsters 2 weeks later. 

Definitive relief may require resection of the prolapsed bowel and 
fixation of the mesentery. This procedure usually requires reopening the 
main abdominal incision. A prolapsed loop ostomy may be divided with 
the closed distal end returned into the abdomen, thereby converting the 
loop to an end ostomy that is less likely to prolapse. When appropriate, 
closure of the ostomy is the best option.4
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hours. If mucosal necrosis is limited to the portion superficial to the 
fascia, an expectant approach may be employed, but the stoma should 
be monitored closely for progressive necrosis or subsequent develop-
ment of stenosis, stricture, or retraction.4 
Haemorrhage
Bleeding may occur from the mucosa or the stoma edge itself. 
Haemorrhage may occur postoperatively due to dislodgement of a 
clot or suture following crying or an increase in blood pressure when 
adequate haemostasis was not achieved in the operating room. Pressure 
with a gauze pad is usually sufficient to control the bleeding, but 
endoscopy or operative intervention may be necessary. Areas of the 
abdominal wall with major vessels, such as epigastric vessels, should 
be avoided when choosing the stoma site. 
Stoma Stenosis or Stricture
Stenosis or stricture of the stoma may occur at the skin or fascial level 
and is clinically apparent as reduced stoma output or frank bowel 
obstruction. This may occur when the skin or fascial opening is tight, 
leading to ischaemia at the mucocutaneous junction. If the stoma had 
not been matured, prolonged serositis with subsequent fibrosis may 
also lead to stenosis. Serial dilatation with anal (or Hegar) dilators may 
resolve the obstruction, but this procedure carries the risk of bowel per-
foration. In many cases, a formal surgical revision is needed. 
High Stoma Output
Excessive stoma output occurs in more proximal stomas. Stoma losses 
can cause profound fluid and electrolyte derangement. Adequate moni-
toring and replacement of losses are important.
Faecal Impaction
Faecal impaction should prompt the evaluation for stomal stenosis. It may 
be relieved with enemas administered through the stoma or by manual 
disimpaction, which should be done under sedation or general anaesthesia.
Parastomal Hernia
A parastomal hernia is a herniation that occurs at the site of the colos-
tomy (Figure 72.4). Parastomal hernia appears to occur less frequently 
in children than in adult patients, with an incidence of less than 1%. 
The most likely cause is the creation of a fascial aperture relatively 
larger than the bowel used for the ostomy. Other factors predisposing to 
parastomal hernia include wound infection, malnutrition, and obesity. 
Fortunately, more serious complications, such as intestinal obstruction 
and strangulation, are rare. The stoma appliance is more difficult to 
retain, and persistent leakage may occur. In such cases, operative repair 
should be considered. The simplest procedure is to mobilise the stoma, 
repair the hernia snugly around the bowel, and then mature the ostomy 
at the same site. Alternatively, the hernia could be repaired and the 
stoma relocated to another site. It is often best to relocate or close the 
stoma because recurrence is frequent after local revision.4

Figure 72.3: An alternative technique for temporary control of prolapse of one 
limb of a looped ostomy. See text for procedure. 
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Source: Nwomeh BC. Reoperation for stoma complications. In: Teich S, Caniano DA, eds. 
Reoperative Pediatric Surgery. Humana Press, 2008. Reproduced with permission.

Colostomy Dehiscence 
When prolapse occurs before the colostomy is matured (a minimum of 
2 weeks after formation), it may detach from the skin and allow evis-
ceration of the intraabdominal content. This is a serious complication 
that requires emergency revision. 
Ischaemia or Necrosis 
The complication of significant ischaemia or frank necrosis is apparent 
early in the postoperative period. The cause is devascularisation from 
excessive stripping of the mesentery, venous congestion due to ten-
sion on the bowel, or a tight fascial opening. Some degree of oedema 
and venous congestion normally occurs with new stomas, especially if 
previously distended bowel is used, but this usually resolves within 48 

  

Figure 72.4: Parastomal hernia, with a bulge in the abdominal wall to one side 
of the stoma.

Source: Nwomeh BC. Reoperation for stoma complications. In: Teich S, Caniano DA, eds. Reop-
erative Pediatric Surgery. Humana Press, 2008. Reproduced with permission.
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Other Complications
Peritonitis may be a caused by early stoma retraction or wound infec-
tion and may lead to intraperitoneal abscess, particularly in neonates. 
Antibiotic treatment or operative drainage may be indicated. Bowel 
obstruction may occur due to improper alignment and twisting at the 
time of stoma construction. This requires urgent surgical correction to 
prevent necrosis and resection and possible sepsis. 

Exteriorisation of the wrong bowel segment may occur. For 
example, the small intestine may be mistakenly used instead of the 
colon, or the distal limb of the colon may be used as the stoma while 
the proximal limb is closed and returned to the peritoneal cavity as 
the Hartmann’s pouch. When performing a left-sided colostomy, it 
is recommended to place a rectal tube to aid the identification of the 
colon. The problem usually manifests as a complete bowel obstruction 
and requires immediate surgical correction. 

Other, less serious complications include granulation and/or polyp 
formation and ulceration. These are typically managed with local 
cauterisation therapies and observation. Psychological trauma, which 
may be a serious problem for families and school-age children, can be 
mitigated by adequate preoperative counselling and constant support.

Stoma Care
In most African hospitals, specialised nurses, such as enterostomal ther-
apists, are not available. The paediatric surgeon is therefore the primary 
source of care and support for children with stomas and their families.
Management at Home
Children and their families adapt to stomas in various ways. Adequate 
planning by families is needed, and older children should be incorpo-
rated into care planning for their stomas. The use of an adequate size 
stoma bag is important to prevent the effluent from making contact with 
the skin. The nonavailability of stoma bags for children with colostomy 
is a major problem in this subregion. Some innovation may be needed, 
given the resources available locally. For example, a cut-off leg por-
tion of a thick cotton pant slid over a soft napkin can be applied over 
the stoma.6 This must be cleaned regularly to reduce offensive odour, 
and zinc oxide paste or petroleum jelly should be applied to protect the 
peristomal skin.
Management at School
The psychological effect on the school-age child is important. Some 
children will be open and discuss the stoma with their friends and class-
mates, but others may choose to conceal it. In some cases, however, the 
whole class and schoolmates may be told about the child’s stoma so as 
to avoid subjecting the child to manual labour and overzealous play and 
physical contact in the playground. The child should be taught how to 
change the stoma bag and clean it regularly, even at school, to reduce 
offensive odour.

Stoma Closure
In temporary stomas, closure is imperative to restore bowel continuity 
as the last step in the treatment of the child. Provided there is no distal 
obstruction, the majority of tube stomas require no surgical closure. 
Removal of the tube (e.g., gastrostomy tube) with pressure dressing 

applied over the stoma results in spontaneous closure in most cases. 
However, if a persistent gastrocutaneous fistula develops, surgical 
closure is indicated. 

Stomas should be closed when the underlying condition has 
resolved. Although there is no urgency to the timing of stoma closure, 
the psychological stress and cost of providing stoma care should be 
considered. A contrast study (distal loopogramme) and/or endoscopic 
assessment of the distal bowel may be done to ascertain normalcy 
(and patency) before closure. In cases of Hirschsprung’s disease and 
anorectal anomalies, a stoma is usually in place at the time of definitive 
pull-through. After the anastomosis has healed, it is helpful to begin 
anal dilatation for up to a week before stoma closure. As mentioned 
previously, the occurrence of complications in temporary stomas should 
prompt consideration for closure of the ostomy rather than revision.

Complications of closure include:
1. wound infection;
2. anastomotic leak;
3. enterocutaneous fistula;
4. stenosis/stricture at the site of anastomosis;
5. intestinal obstruction; and
6. abdominal scars.

Evidence-Based Research
Table 72.3 presents a retrospective review of colostomy complications 
in children.

Table 72.3: Evidence-based research.

Title Colostomy complications in children

Authors Mollittt DL, Malangoni MA, Ballantine TV, Grosfeld JL

Institution James Whitcomb Riley Hospital for Children, Indianapolis, 
Indiana, USA

Reference Arch Surg 1980; 115:455–458

Problem Intestinal stomas.

Comparison/
control
(quality of 
evidence)

Single institution retrospective review.

Outcome/
effect

Analysis of 146 paediatric patients with colostomies, 
specifically related to formation, management, and 
subsequent closure of colostomies. The majority of the 
colostomies were performed for congenital diseases 
(Hirschsprung’s and imperforate anus). There were more 
loop colostomies than divided colostomies, but also more 
complications noted with loop versus divided colostomies. 
No deaths were related to colostomy closure. Sigmoid 
colostomies were associated with the lowest rate of 
complications.

Historical 
significance/ 
comments

This study underscores the importance of location and type 
of colostomy (specifically sigmoid colostomy), attention 
to technical details, principles of stoma care, and proper 
instruction for parents in minimising complications from 
colostomies.



1. Gastrointestinal stomas are rare in children.

2. Stomas are typically created in emergency surgery situations, 
but may be necessary in the treatment of congenital 
abnormalities.

3. Stomas may be classified as temporary or permanent, as well 
as by where they occur in the intestinal tract.

4. Divided stomas are more common in paediatric patients and 
tend to have a lower risk of complications compared to loop 
ileostomies or colostomies.

1. Gauderer MWL. Stomas of the small and large intestine. In: 
O’Neill JA, Rowe MI, Grosfeld JI, Fonkalsrud EW, Coran GA, eds. 
Pediatric Surgery, 5th ed. Mosby Year Book, 1998, Pp 1349–1359.

2. Minkes RK, Mazziotti MV, Langer JC. Stomas of the small 
and large intestine. eMedicine SpecialtiesàPediatrics: 
SurgeryàGeneral Surgery. Available at emedicine.medscape.
com/article/939455-overview. Accessed 26 June 2009.

3. Sanders C, Bray L. Managing children with stomas. Charter Stoma 
Care. Hayword Medical Communications, 2007; 29:9–10. 

5. The majority of complications from gastrointestinal stomas 
require some surgical intervention; however, initial nonoperative 
management is often appropriate.

6. Prolapse or retraction of temporary stomas may best be treated 
by restoring intestinal continuity, if possible, rather than revision 
of the stoma.

4. Nwomeh B. Reoperation for Stoma Complications. In: Teich S, 
Caniano DA, eds. Reoperative Pediatric Surgery. Humana Press, 
2008, Pp 279–285.

5. Gauderer MW, Izant Jr RJ. A technique for temporary control of 
colostomy prolapse in children. J Pediatr Surg 1985; 20(6):653–655.

6. Osifo OD, Osaigbovo EO, Obeta EC. Colostomy in children: 
indications and common problems in Benin City, Nigeria. Pak J 
Med Sci 2008; 24:199–203.
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CHAPTER 73
Colonic Atresia
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Introduction 
Atresia of the colon is an uncommon entity distinct from congenital 
pouch colon, which is a more frequent occurrence in India and Asia, 
and is associated with anorectal malformations. Although the underly-
ing cause of colonic atresia may be vascular insufficiency, the associa-
tion with Hirschsprung’s disease, in particular, and the gross discrep-
ancy between the proximal and distal bowel diameters militate against 
management strategies described for small bowel atresias.

Demographics
Atresia of the colon is a relatively rare form of intestinal atresia with 
an incidence of 1:40,000–60,000 live births, comprising less than 5% 
of the total number of gastrointestinal tract atresias. (In the Red Cross 
War Memorial Children’s Hospital series of 316 bowel atresias distal 
to the duodenum, the incidence was 4.4%.) There is no gender or racial 
predilection for the abnormality. There is, however, an association with 
gastroschisis, malrotation/nonfixation of the bowel, a more proximal 
atresia of the small bowel and Hirschsprung’s disease. The association 
with cloacal exstrophy is well known but will not be described here. 

Aetiology/Pathophysiology 
The association with gastroschisis and intestinal atresia is considered a 
result of a vascular accident in utero. It is not clear why aganglionosis 
is found in some. It may be that the dilated loop proximal to the transi-
tion to aganglionosis undergoes volvulus with bowel ischaemic injury 
and thus the development of atresia, or it may suggest an early event 
whereby migrating nerve cells are arrested in their progress to populate 
the distal gut. This implies an early gestational interruption.

Clinical Presentation 
History
In the situation of an isolated atresia, patients present with neonatal 
intestinal obstruction and gross abdominal distention. A pitfall to be 
avoided is that with colonic atresia distal to a small bowel atresia, the 
colon in outward appearance may look normal. It is therefore essential 
for the colon to be evaluated in any small bowel atresia, preferably 
preoperatively, by contrast enema. The abdominal x-ray is typical in 
showing one or two very dilated gas- and fluid-filled loops. 
Physical
Aspiration of gastric content of a volume >25 ml via orogastric or 
nasogastric tube, or emesis that is bile stained along with abdominal 
distention and failure to pass normal meconium are suggestive of a 
distal bowel obstruction.

Investigations 
Abdominal x-ray is essential (Figure 73.1), and contrast enema (Figure 
73.2) prior to surgery is advisable. Rectal suction biopsy to exclude 
Hirschsprung’s disease is mandatory if primary anastomosis is con-
templated.

Figure 73.1: Anteroposterior abdominal radiograph showing disproportionately 
large loops of bowel.

Figure 73.2: Barium enema of patient showing sigmoid atresia and distal 
microcolon.

Figure 73.3: Operative photograph of patient with sigmoid atresia, showing 
dilated transverse colon.

Management
Management should include full investigation for associated anomalies, 
exclusion of Hirschsprung’s disease and a second atresia or stenosis 
by biopsy of the bowel distal to the atresia, and contrast enema. The 
fashioning of a stoma at the level of the atresia is the preferred initial 
treatment rather than an attempt at primary anastomosis. The gross dila-
tation of the blind end (Figures 73.1 and 73.3) may need to be tapered 
or resected to assist in fashioning a manageable stoma.
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Postoperative Complications 
Missed diagnosis should not occur if the principles stated above are 
followed. In our series of 14 cases, there was one mortality due to a 
second colonic atresia, which was missed in a patient presenting with a 
small bowel atresia, causing a leak from the more proximal anastomo-
sis, peritonitis, and death.

Prognosis and Outcomes 
Outcomes should be good but are limited by associated intestinal 
atresias with short gut and the extent of other anomalies. Mortality in 

Table 73.1: Evidence-based research. Table 73.2: Evidence-based research.

Title Colonic atresia: spectrum of presentation and pitfalls in 
management: a review of 14 cases

Authors  Cox SG, Numanoglu A, Millar AJW, Rode H

Institution Department of Paediatric Surgery, Red Cross War Memorial 
Children’s Hospital, Cape Town, South Africa

Reference Ped Surg Int, 2005; 10:813–818

Problem This study describes a case series of 14 patients with colonic 
atresia.

Intervention This study seeks to identify predictors of untoward outcomes.

Comparison/
control
(quality of 
evidence)

Fourteen cases of colonic atresia seen over a 38-year period 
are reviewed with particular reference to clinical presentation 
and pitfalls in management. Seven had Type I atresia, two 
had Type II and five had Type IIIa. Ten had associated 
gastrointestinal anomalies. Management varied considerably. 
Six had primary colonic anastomosis. Two of these developed 
complications due to unrecognized distal hypoganglionosis, 
two had associated jejunal atresias resulting in short bowel 
syndrome, and two had primary anastomosis protected by 
proximal ileostomies. Seven had a staged repair with initial 
defunctioning enterostomy, with only one complication, an 
unfixed mesentery that later resulted in midgut volvulus. The 
only mortality was a patient in which a jejunal atresia repair 
leaked as a result of a missed colonic atresia. Operative 
strategy should depend on the clinical state of the patients, 
the level of atresia, associated small bowel pathology and 
exclusion of distal pathology. 

Outcome/
effect

Primary anastomosis would only rarely be advised with a 
circumspect approach. Long-term outlook, as in small bowel 
atresia, is generally excellent. 

Title Atresia of the colon

Authors  Etensel B, Temir G, Karkiner A, Melek M, Edirne Y, Karaca I, 
Mir E

Institution Department of Pediatric Surgery, Adnan Menderes University, 
Aydin, Turkey

Reference J Pediatr Surg 2005; 40(8):1258–1268

Historical 
significance/
comments

Colonic atresia (CA) is one of the rarest causes of neonatal 
intestinal obstructions, and no large series can be reported. 
Therefore, a retrospective clinical trial was performed to 
delineate our CA cases and carry out a literature survey. We 
reviewed the charts of CA cases treated in our center between 
1992 and 2002. We aimed to collect all reported cases in 
Medline, and personal communications with the authors of 
published series were used to reach the missing data. 

The chart review revealed 9 newborns with CA treated in 
our center (6 cases of type III, 2 cases of type II, and 1 case 
of type IV). These accounted for 3.7% of all gastrointestinal 
atresias managed in our center. Of the CA cases, 3 were 
isolated and 6 had at least one or more associated congenital 
anomalies. The preferred surgical technique at the initial 
treatment of CA was performing a proximal stoma and distal 
mucous fistula in an average of 59.4 hours postnatal. The 
literature survey enabled us to reach 224 cases of CA, 
including our cases. 

Because of the low incidence of CA generally, delay 
in diagnosis and treatment may occur. The mortality is 
statistically higher when the surgical management is 
performed after 72 hours of age. However, the prognosis of 
CA is satisfactory if diagnosis and surgical management can 
be made promptly and properly. 

various series ranges from 7% to 61%. The type of surgery as well as 
coexistent pathology are major determinants of outcome, with initial 
primary anastomosis frequently being associated with complications 
and a poor outcome.

As in any resource-poor environment, the need for parenteral 
nutrition may be the major determinant for survival.

Evidence-Based Research 
Tables 73.1 and 73.2 present studies on intestinal atresias and atresias 
of the colon, respectively. 

1. A very large dilated loop with a fluid level on abdominal x-ray 
is suspicious.

2. Beware the second atresia in the colon of a patient with a 
small bowel atresia and perform a preoperative contrast 
enema to rule this out.

Akgur FM, Cahit T. Colonic atresia and Hirschsprung’s disease 
association shows further evidence for migration of the enteric 
neurons. J Pediatr Surg 1993; 26(4):635–636.

Benson CD, Lotf MW, et al. Congenital atresia and stenosis of the 
colon. J Pediatr Surg 1968; 3(2):253–257. 

Boles ET, Vassy LE, et al. Atresia of the colon. J Pediat Surg 1976; 
11(1): 69–75.

Cox S, Numanoglu A, Millar AJW, Rode H. Colonic atresia: spectrum 
of presentation and pitfalls in management: a review of 14 cases. 
Ped Surg Int 2005; 10:813–818.

3. Exclude Hirschprung’s disease distal to the atresia.

4. Avoid primary anastomosis.

5. Note the association with nonrotation of the midgut.

Davenport M, Bianchi A, et al. Colonic atresia: current results of 
treatment. J R Coll Surg Edin 1990; 35(1):25–28.

Erskine JM. Colonic stenosis in the newborn: the possible 
thromboembolic aetiology of intestinal stenosis and atresia. J 
Pediatr Surg 1970; 5(3):321–333.

Fishman SJ, Islam S, et al. Non-fixation of an atresic colon predicts 
Hirschsprung’s disease. J Pediatr Surg 2001; 36(1):202–204. 

Harbour MJ, Donald MD, et al. Congenital atresia of the colon. Radiol 
1965; 84:19–23.
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Introduction
Acute appendicitis is the commonest and one of the most important 
causes of intraabdominal surgical conditions in children, particularly 
in adolescents. The time-honoured tradition of appendectomy through 
a midline or Lanz incision is considered to be the one basic require-
ment for trainee surgeons in both adult and paediatric surgical practice. 
Depending on the pathology of the appendix, acute appendicitis is 
divided into either simple or complicated appendicitis, with perfora-
tion and/or abscess formation occurring in the latter.

Demographics
In most First World countries, the lifetime incidence of appendicitis is 
considered to be around 7%, with a slightly higher incidence in males, 
and more than half occurring in childhood. In Africa, the incidence 
of appendicitis is much less, with a reported lifetime incidence rate 
of <1%.1,2 This is probably due to the higher amount of fibre in the 
African diet compared to the refined food diet of Western Europe and 
North America.3 

Although the condition is relatively uncommon during infancy and 
early childhood, a disproportionately higher incidence of complicated 
appendicitis occurs in children <5 years of age, potentially due to late 
presentation and difficulties in establishing an early diagnosis.

Pathophysiology
Most authors believe that the cause of appendicitis is intraluminal 
obstruction caused by lymphoid hyperplasia, parasite-infected faecal 
matter and ingested foreign bodies.4 This may explain the increased 
rate in teenagers, as the submucosal lymphoid tissue reaches its peak 
number in adolescence followed by a gradual decrease after age of 30 
years. Once the lumen is obstructed, mucus and bacterial proliferation 
result in venous congestion, which in turn will cause arterial flow 
obstruction, ischaemia, necrosis, and free perforation into the perito-
neal cavity. The human defense system of omentum often wraps itself 
around the organ and limits the free perforation and result in appendix 
mass formation.

Clinical Presentation
Just as for most human diseases, the diagnosis of acute appendicitis 
can usually be made on careful history and clinical evaluation. The 
need for an appendectomy is usually based on the diagnosis of acute 
appendicitis, which is made on clinical grounds in most cases. Medical 
students are taught to look for a history that classically includes 
anorexia without vomiting, and umbilical pain that then moves to the 
right iliac fossa.

Once localized, any movement causes exacerbation of the pain, 
which is described as sharp in nature. Fever is usually low grade unless 
perforation has occurred, in which case there is generalized peritonitis 
and high fever. Other classic signs are that of rebound tenderness, 
which is best elicited with gentle “tapping” over the right iliac fossa. 
However, in obese children and patients with retrocaecal appendicitis, 
the signs are often absent or equivocal in nature.

Complicated appendicitis occurs as a result of perforated appendix 
with or without abscess formation. Physical findings may reveal 
diffuse peritonitis or a tender right lower quadrant mass, which is due 
to an organized abscess. It is more common to have diffuse peritonitis 
in young children because they have less omental fat to isolate the 
infection. Older children are more likely to have an appendiceal 
abscess. However, simple appendicitis may not always be differentiated 
from complicated cases prior to surgery. Diagnostic laparoscopy and 
appendectomy can be employed when the preoperative diagnosis of 
appendicitis is uncertain.5

Investigation
Most surgeons request blood tests and expect to find an elevated white 
cell count, with a disproportionately elevated neutrophil percentage and 
a high C-reactive protein. A urine dipstick is also done, which, in the 
case of appendicitis, should show no or a few red cells and white cells. 

Plain abdominal x-ray is usually not helpful but may show a 
faecolith (Figure 74.1), dilated sentinel small loop, relative absence 
of bowel gas in the right iliac fossa, mild scoliosis, and even free air 
under the right subdiaphragm.

Sonar and computed tomography (CT) scans are done more 
frequently than x-rays, especially in academic and private hospitals 
worldwide to identify and decrease the rate of negative appendectomies. 
Shortcomings are due to lack of expertise and experience of the 
radiologists performing the sonar and the expense and radiation 
concern (and safety consideration for intravenous contrast material) 
used for CT scans. However, a good-quality CT scan has a very high 
sensitivity and specificity in children (>95%)6 (see Figure 74.2). 

Figure 74.1: Abdominal radiograph showing a faecolith. 
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Figure 74.2: CT scan showing perforated appendix with collection (arrow).

Figure 74.3: Laparoscopic interval appendectomy for a 15-year-old girl.

Management
Nonoperative Treatment
Occasionally, a child is admitted with a palpable right iliac fossa mass 
and low-grade fever but is otherwise well and can tolerate oral fluid. 
The current management for this subgroup of patients is to treat them 
as having an “appendix mass”. Intravenous antibiotics alone usually 
resolve this mass, and the child can be discharged 7–10 days later. 
Most, but not all, surgeons normally readmit the child 6–8 weeks later 
and perform an interval appendectomy, which can be done open or 
laparoscopically (Figure 74.3).
Open Surgery
Even though surgery remains the most generally accepted treatment for 
simple acute appendicitis, the management for complicated disease—
namely, perforated appendicitis and appendiceal mass—has been con-
troversial for decades. The surgical treatment of acute appendicitis has 
evolved over the past few decades.  

Appendectomy can be simply defined as surgical resection of the 
appendix. Although it is usually done in an urgent setting for a patient 
with acute appendicitis, a number of studies have demonstrated no 
deleterious effect from a period of hydration and antibiotics of up to 24 
hours prior to appendectomy.7,8

Right lower quadrant abdominal incisions for simple appendictitis 
and extended incision for delayed presentation of perforated appendicitis 

have stood as the gold standard approach for appendectomy for more 
than a century. Ever since the classic description by McBurney in 1889, 
surgeons have largely employed a transverse right lower quadrant (Lanz) 
incision for simple appendectomy. Abdominal muscles are split in the 
direction of the fibres. After locating the appendix, the mesoappendix 
is divided before the appendix is excised close to its base. Management 
of the appendiceal stump varies from simple ligation, to ligation with 
inversion using a purse string, to inversion without ligature, depending 
on the surgeon’s preference. In cases of retrocaecal appendicitis, the 
base is tied first and the appendix is delivered in an antegrade manner; 
alternatively, the incision is extended laterally and the caecum is 
mobilized medially and eviscerated, revealing the entire appendix.

In cases of perforation, a methodical abdominal washout with 
warm water is completed by most surgeons. Closure is accomplished 
with continuous suturing, and drains are used based on the pathology 
and surgeon’s preferences. The skin may be closed with interrupted 
nonabsorbable sutures.

Intravenous antibiotics such as ampicillin, cephalosporins, 
aminoglycosides, and metronidazole are given before surgery. The 
choice and duration of antibiotic therapy is determined by the operating 
surgeon based on the severity of the disease and perforation, and can 
last from 1 to 10 days.
Laparoscopic Appendectomy
In recent years, laparoscopic appendectomy has gained wide popularity. 
It seems reasonable to state that laparoscopic appendectomy, performed 
by an experienced laparoscopist, is considered to be at least equivalent 
to open surgery.9

Laparoscopic appendectomy usually involves a 3-trocar technique. 
A 5- or 10-mm cannula is usually placed in the umbilicus to allow the 
passage of the telescope and the retrieval of the appendix. One 5-mm 
cannula is placed below the bikini line in the left lower quadrant and in 
the right upper quadrant. Uni- or bipolar diathermy is used for division 
of the mesoappendix, but close to the appendix because these vessels 
are small in caliber and will not re-bleed with coagulation. The base of 
the appendix can be ligated inside the abdomen with endoloops, suture 
ligated, or simply secured extracorporeally with the appendix drawn out 
through a skin stab incision at the right lower quadrant. If possible, the 
appendix should be extracted through the umbilical cannula to avoid 
direct contact with the wound. If the appendix is too thick, it should then 
be placed in a retrieval bag, which is withdrawn through the port site. A 
cheap sterile retrieval bag can be made by cutting one of the “fingers” 
of a surgical glove.

Prognosis and Outcomes
Appendectomy is one of the safest surgical procedures, with minimum 
mortality. Morbidity after surgery for acute nonperforated appendicitis 
is confined to superficial wound sepsis, which often requires reopening 
the skin and releasing the pus. Secondary suturing may be required if 
the wound is extensively dehisced. In contrast, perforated appendicitis 
is known to have an increased risk of intraabdominal abscess (5–10% 
in most reports), frequently requiring relook laparotomy and per rectal 
draining of the collection.10,11 Mortality is limited to the patients who are 
admitted with a prolonged delay and often a misdiagnosis of appendi-
citis. Many of these patients are in a moribund state on admission and 
succumb to multiorgan failure secondary to gram-negative septic shock.

Prevention
Currently, there are no known dietary measures to decrease the risk of 
appendicitis; however, a high-fibre diet is possibly associated with a 
decreased incidence.

Ethical Issues
In Africa, many patients with appendicitis are taken to traditional 
healers or so-called “witch doctors”, who give affected children herbal 
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Title Acute appendicitis in children: emergency department 
diagnosis and management

Authors  Rothrock SG, Pagane J

Institution Department of Emergency Medicine, Orlando Regional 
Medical Center, Orlando, Florida, USA

Reference Ann Emerg Med 2000; 36:39–51

Problem Despite considerable recent expansion of knowledge 
concerning appendicitis, accurate diagnosis remains 
suboptimal.

Intervention Analysis of diagnostic accuracy of appendicitis.

Comparison/
control 
(quality of 
evidence)

State-of-the-art lecture.

Outcome/effect Despite modern laboratory tests and imaging, the 
diagnosis is essentially clinical.

Table 74.1: Evidence-based research.

medication and herbal laxative enemas. The content of these enemas 
can be quite toxic and result in renal or liver failure in an already 
compromised child, further delaying definitive surgical treatment. 
This group of children is at highest risk for multiple organ failure and 
death. Marks on the body made by traditional healers may identify 
the area of the pathology in a patient with communication difficulties.

Evidence-Based Research
Table 74.1 presents an analysis of the diagnostic accuracy of appendicitis. 

1. Appendicitis is rare in the African population.

2. Adolescence is the common age group for appendicitis.

3. Diagnosis is usually made based on a clinical evaluation.
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Introduction
Inflammatory bowel disease (IBD) refers to a group of disorders that 
causes intestinal inflammation. The commonest types of IBD are ulcer-
ative colitis (UC) and Crohn’s disease (CD). Other, rare forms of IBD 
include collagenous colitis, lymphocytic colitis, ischaemic colitis, and 
diversion colitis. Diagnosis is based on clinical symptoms and signs, upper 
endoscopy with biopsies, colonoscopy with biopsies (including terminal 
ileum), and radiological examination (contrast follow-through or enema). 

Overall, 25–30% of patients with IBD present in childhood or 
adolescence. The overall incidence of IBD in children in Africa is unknown, 
but it is thought to be lower than in Europe and the United States, where 
it has an incidence of 7 per 100,000 children.1 In the United Kingdom, 
approximately 18% of children with IBD are non-Caucasian—mainly Afro-
Caribbean or Asian.2 The literature contains reports of IBD from all over 
Africa: Tunisia, Egypt, Sudan, Senegal, Côte d’Ivoire, Nigeria, Ethiopia, 
Zimbabwe, and South Africa. IBD has been reported in all population 
groups in South Africa—Caucasians, Jews, Africans,3 and Asians.4

Inflammatory bowel disease is thought to be uncommon in Africa—
this may be due to underdiagnosis because infectious diseases of the 
gastrointestinal (GI) tract are very common. Infectious diseases may 
mimic the signs and symptoms of IBD, so it is highly likely that some 
cases of chronic diarrhoea in children are misdiagnosed.

Aetiology and Pathophysiology
Genetics, immunity, environment, and diet all play a part in the aetiol-
ogy and pathogenesis of IBD. The basic problem in Crohn’s disease is 
a breakdown in the immune tolerance of the gut to intraluminal flora.
Genetics
The genetics of IBD have not been fully delineated. In Crohn’s disease, 
monozygotic twins have 44–55% disease concordance.5 The lifetime 
risk for CD for first-degree relatives is 7% in Caucasians, but 16.8% in 
Jewish families.6 Thirty percent of children presenting before 20 years of 
age have a family history of IBD. A number of IBD-susceptibility genes 
have been identified (e.g., CARD15 on chromosome 16q).
Immunity
Patients with IBD demonstrate an abnormal immune response within 
their own GI tract. There are features of autoimmunity, and the disease 
can affect other organs outside the gut, such as eyes, skin, and joints. 
Inflammatory mediators (e.g., Interleukin 23) are overexpressed in IBD, 
and lymphocyte subsets (CD4) have been implicated in the pathogenesis 
of the inflammatory response. A recent hypothesis postulates that IBD is 
caused by an overactive immune system that attacks the digestive tract 
in the absence of such traditional targets as parasites and worms. This is 
similar to the hygiene hypothesis of many allergic conditions, and might 
explain the low incidence of IBD in Africa, where helminthic and para-
sitic infestations are endemic. 
Environment
Smoking exacerbates CD in adults and children. Diet may be impor-
tant—serum antibodies to cow’s milk protein are elevated in many 
patients with CD.

Infection 
The pathological processes seen in CD have similarities to tubercu-
losis (TB), but no specific organism has ever been identified as an 
aetiological agent. 

Pathology
Ulcerative Colitis
UC is a disease that affects the colon. It primarily affects the rectum and 
a variable extent of more proximal colon. The disease is generally con-
fluent with no skip lesions (unless the patient has undergone treatment). 
Macroscopically, it can appear as a granular proctitis with superficial 
ulcers, slough, and contact bleeding (Figure 75.1).

Source: Courtesy of Dr Peter Sullivan, Paediatric Gastroenterologist, John Radcliffe Hospital, 
Oxford, UK. 

Figure 75.1: Macroscopic appearance of ulcerative colitis at colonoscopy.

Microscopically, the disease is limited to the mucosa. Inflammation 
starts at the base of the crypts with acute and chronic inflammatory cell 
infiltration. Crypt abscesses may be seen well as Goblet cell depletion. 
There is compensatory cell proliferation. Pseudopolyps are seen when 
islands of preserved mucosa are surrounded by superficial ulcers 
(Figure 75.2).

Ulcerative colitis is also associated with extragut manifestations 
such as arthropathy, uveitis, and skin lesions (pyoderma gangrenosum).
Crohn’s Disease
Crohn’s disease can affect any part of the GI tract from mouth to anus. 
In children, it manifests mainly as terminal ileal disease, colitis, or 
perianal disease. The lesions can be skip lesions. Macroscopically, CD 
can appear as patchy or confluent inflamed areas with a cobblestone 
appearance and apthous ulceration (Figure 75.3). At operation, there 
may be fat wrapping around the bowel wall. 
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Microscopically, CD affects all the layers of the bowel wall, with 
chronic inflammatory cell infiltrate, deep ulceration, granulomas, a 
thickened mesentery, and lymphadenopathy (Figure 75.4). 

The features of CD can mimic tuberculosis. It is also associated 
with extragut manifestations, such as erythema nodosum, pyoderma 
gangrenosum, arthropathy, and uveitis.

When the pathologist cannot determine whether the problem is UC or 
CD, it may be labelled as “indeterminate colitis” or “IBD (not otherwise 
specified)”. It is generally best treated as ulcerative colitis until the 
clinical picture becomes clear. 

Clinical Presentation
History
Differences exist in the way IBD presents in children and adults. 
Abdominal pain is the most frequent symptom in children with IBD,7 
whereas adults tend to present with rectal bleeding in UC and with diar-
rhoea in CD. Forty percent of children have growth failure at the time of 
diagnosis8—however, this is not an issue with adults. 

In ulcerative colitis, the commonest features in children are 
diarrhoea, abdominal pain, and blood per rectum.9 UC is predominantly 
confined to the rectum and left colon in adults, whereas children tend 
to have pancolitis.9

In Crohn’s disease, the classic adult triad of abdominal pain, 
diarrhoea, and weight loss was present in only 25% of children.7 Many 
young CD patients present with vague complaints of nausea, vomiting, 
fever, growth retardation, malnutrition, or extra intestinal manifestations.1 
This clearly makes diagnosis very difficult in Africa, where anaemia, 
fever, weight loss, malaise, and diarrhoea are very common. For these 
reasons, the Porto criteria1 for diagnosis are largely unworkable in Africa. 
Physical Examination
In ulcerative colitis, external physical examination is often unremarkable; 
there may be some abdominal discomfort. It is important to look for 
extragut manifestations—pallor, arthropathy, and skin changes.

In Crohn’s disease, physical examination may demonstrate identifiable 
disease. There may be mouth ulcers (Figure 75.5); abdominal tenderness; 
an inflammatory mass; or perianal tags, fissures, and abscesses (Figure 
75.6). Check for extragut manifestations.
Investigations
For general testing, send the stool to the lab to exclude infective causes. 
Perform baseline blood tests: a full blood count (FBC) (looking for 
anaemia, high white blood count, raised platelets); inflammatory mark-
ers (raised erythrocyte sedimentation rate (ESR) or C-reactive protein 
(CRP)); electrolytes (for dehydration); and albumin.

Specific tests depend on their availability.
• Upper endoscopy and colonoscopy (with ileal intubation) should be 
performed if possible. Multiple biopsies should be taken along the 
length of GI tract. 

• Sigmoidoscopy and proctoscopy can usually be performed if colonos-
copy is not available.

• Double contrast enema should be performed if the colon is largely 
affected, and small bowel follow-through (or enema) if Crohn’s dis-
ease is suspected (Figure 75.7).

• Ultrasound scan can be helpful for an inflammatory mass in 
Crohn’s disease.
Differential diagnoses in children presenting with IBD include 

infective diarrhoea (viral and bacterial, especially Yersinia enterocolitica 
and Entamoeba histolytica); enteropathies; malnutrition from dietary 
deprivation; worm infestations; and tuberculosis. A wise approach is 
to investigate and treat the common causes of these symptoms but 
to consider IBD in chronic cases that do not respond to the usual 
treatments. In CD, tuberculosis must always be excluded before major 
surgery is undertaken.

Source: Courtesy of Dr Peter Sullivan, Paediatric Gastroenterologist, John Radcliffe Hospital, 
Oxford, UK.

Figure 75.2: Microscopic appearance of ulcerative colitis.

Figure 75.3: Macroscopic appearance of Crohn’s disease affecting the terminal 
ileum.

Source: Courtesy of Dr Peter Sullivan, Paediatric Gastroenterologist, John Radcliffe Hospital, 
Oxford, UK.

Source: Courtesy of Dr Peter Sullivan, Paediatric Gastroenterologist, John Radcliffe Hospital, 
Oxford, UK.

Figure 75.4: Microscopic appearance of Crohn’s disease.
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Source: Courtesy of Dr Peter Sullivan, Paediatric Gastroenterologist, John Radcliffe 
Hospital, Oxford, UK.

Source: Courtesy of Dr Peter Sullivan, Paediatric Gastroenterologist, John Radcliffe Hospital, 
Oxford, UK.

Figure 75.5: Mouth ulcers in Crohn’s disease.

Figure 75.6: Perianal tags and fistula in Crohn’s disease.

Source: Courtesy of Dr Peter Sullivan, Paediatric Gastroenterologist, John Radcliffe Hospital, 
Oxford, UK.

Figure 75.7: Contrast follow-through demonstrating stricture in terminal ileum.

Management
Medical Management
In ulcerative colitis, management is primarily medical and depends 
on the severity and extent of the disease.2 For mild disease (i.e., fewer 
than four motions per day), oral aminosalicylates and corticosteroids 
are prescribed for 2 weeks. Mesalazine enemas are given daily until the 
bleeding stops, and then on alternate days for one week. For moderate 
disease (i.e., four to six motions per day, anaemia, slight toxicity), treat 
as above with oral steroids in a higher dose (2 mg/kg; maximum 40 
mg) for 1 month and then reduce slowly over the following weeks. If 
there is a poor response, treat as for severe disease. For severe disease 
(i.e., more than six motions per day, toxicity, fever, anaemia), intrave-
nous methylprednisolone or hydrocortisone are given for 3 days, and 
rectal hydrocortisone or prednisolone enemas are given twice daily. 
Intravenous fluids, blood transfusion, and total parenteral nutrition 
may also be required. If a relapse occurs, the patient should go back on 
rectal corticosteroids and a course of oral corticosteroids. Salicylates 
are generally lifelong for maintenance. If relapses occur, steroids or 
azathioprine (in order to limit the dose and complications of steroids) 
can be given. Other immunomodulating drugs include ciclosporin, 
methotrexate, and inflixamab.

In Crohn’s disease, management is also primarily medical. Relapses 
can be expected, and many patients will require surgery. An elemental 
or polymeric diet for 6 weeks can produce remission in small bowel 
disease, but relapse is frequent. This diet has the advantage of having 
few side effects, but is poorly tolerated (due to its awful taste). It can 
be given either orally, through a nasogastric tube, or via a gastrostomy. 
For acute flare-ups, prednisolone should be given until remission 
occurs (2 mg/kg; maximum 40 mg) and then slowly reduced (by 5 mg 
per week). Mesalazine appears to be effective for treatment of small 
bowel and colonic disease. Azathioprine is effective for long-term 
maintenance and has steroid-sparing effects. Metronidazole can be 
helpful in controlling perianal disease with fistulas. Tumour necrosis 
factor (TNF) antagonists (inflixamab) are increasingly used but are not 
generally available in Africa.
Surgical Management
In ulcerative colitis, the indications for surgery are acute toxic mega-
colon, intractable disease with ongoing symptoms and multiple fre-
quent relapses despite maximum medical therapy, and growth failure. 
There is a risk of cancer in patients who have had pancolitis for more 
than 10 years. In ulcerative colitis, the disease affects the colon and can 
therefore be “cured” by removing the colon. The underlying principle 
is to remove all the mucosal disease (from the appendix and caecum to 
the anal margin). Surgery is usually performed in unwell children and 
it is safest to do this as a staged procedure. 

An upper transverse incision should be performed in small children, 
and a midline for adolescents. A subtotal colectomy (leaving a rectal 
stump at the pelvic brim) and formation of an ileostomy (spouted) 
will remove the vast amount of the disease in the affected child. This 
is increasingly being done laparoscopically. If proctitis is a major 
problem, the rectal stump can be short. At a later date (usually around 
6 months) when the child is off all immunosuppressive medications 
and when the ileostomy effluent is thicker and of less volume, the 
standard operative procedure is a restorative proctocolectomy (ileo-
anal “J” pouch, with covering loop ileostomy). Six weeks later, a distal 
loopogram is performed, an examination under anaesthetic is performed 
(to check on possible stenosis and the condition of the pouch), and—if 
all is well—the covering ileostomy is closed. In Africa, a simple ileo-
anal anastomosis is more appropriate. The eventual endpoint is the 
same (5-10 stools per day) but takes longer. It avoids any problems 
relating to the pouch (e.g., pouchitis). When performing an ileo-anal 
anastomosis, approach from below and start the dissection 1 cm above 
the dentate line, strip the mucosa for 3–4 cm (keeping very superficial), 
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Title Inflammatory bowel disease

Authors Baillie RM, Croft NM, Fell JM, Afzal NA, Heuschkel RB 

Institution Paediatric Medical Unit, Southampton General Hospital, 
Southampton, UK 

Reference Arch Dis Child 2006; 91:426–532 

Outcome/
effect

Twenty-five percent of inflammatory bowel disease 
presents in childhood. Growth and nutrition are key issues 
in the management, with the aim of treatment being to 
induce and then maintain disease remission with minimal 
side effects. Only 25% of Crohn’s disease presents with 
the classic triad of abdominal pain, weight loss, and 
diarrhoea. Most children with ulcerative colitis have blood 
in the stool at presentation. Inflammatory markers are 
usually, although not invariably, raised at presentation 
(particularly in Crohn’s disease). Full investigation includes 
upper gastrointestinal endoscopy and ileocolonoscopy. 
Treatment requires multidisciplinary input as part of 
a clinical network led by a paediatrician with special 
expertise in the management of the condition.

Table 75.1: Evidence-based research.

and then excise the entire rectal stump (like an endorectal pull-through). 
Anastomosis is best performed by using interrupted absorbable sutures.

In Crohn’s disease, the indications for surgery are intestinal 
obstruction (due to stricture or inflammatory mass), failure of medical 
management with relapses, growth failure, fistulas, and perforation. 
The type of surgery depends on the location and extent of disease: For 
local small bowel disease, consider stricturoplasty, take out as little 
bowel as necessary, and avoid stomas if possible. For colonic disease, 
partial colectomy (preserve unaffected colon) may be required. For 
perianal disease, drain abscesses, use seton if indicated for fistulas, and 
avoid sphincter-damaging procedures. 

Postoperative Complications
Complications are common after surgery for IBD.10,11 The patients are 
often unwell, malnourished, have depressed immunity (e.g., steroids, 
failure to thrive), and are generally in poor condition. Specific short-
term surgical complications include postoperative bleeding (salicy-
lates), anastomotic leakage (impaired wound healing), fistula formation 
(part of CD), fluid and electrolyte imbalance, and short-gut syndrome. 
Medium- to long-term problems include recurrent disease in 10–40% 
of patients with CD,12 small bowel obstruction due to adhesions in up to 
25%,10 and reduced fertility in girls following pouch surgery.13 There is 
some evidence that continuing immunosuppressive therapy with azathi-
oprine after surgery can reduce the reoperation rate in Crohn’s disease.

Prognosis
Ulcerative colitis can generally be “cured” by colectomy and ileo-anal 
anastomosis, and patients can come off their medications. In Africa, 
colectomy carries the hazard of removing the vital absorptive capacity 

of the colon and may predispose patients to dehydration if they were 
to pick up infective diarrhoea. Long-term function is generally good, 
but may take up to 18 months to achieve acceptable bowel control and 
bowel frequency.

Crohn’s disease is not curable; it follows a relapsing and remission 
pattern.12 Previously indolent disease can flare up, and previously 
uninvolved areas can become diseased. 

Evidence-Based Research 
Table 75.1 presents a study that is an overview of inflammatory 
bowel disease.

Ulcerative Colitis
1. Surgery is indicated for complications.

2. Staged procedures should be considered in unwell children.

3. Remove all colon down to anal verge (anal transition zone).

4. Standard operative procedure is ileo-anal anastomosis or ileo-
anal J pouch (restorative proctocolectomy). 

Crohn’s Disease
5. Surgery will never cure the disease.

6. Keep surgery simple (consider stricturoplasty).

7. Take out as little bowel as necessary.

8. Avoid stomas, if possible.

9. Drain perianal disease (use seton if indicated) and avoid 
sphincter-damaging procedures.
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Introduction
Hirschsprung’s disease (HSCR or HD) may be defined as a functional 
intestinal obstruction resulting from the congenital absence of para-
sympathetic ganglion cells in the myenteric plexus of the distal bowel.

The initial description of congenital aganglionosis (Hirschsprung’s 
disease) by Harald Hirschsprung, heralded as the Father of Danish 
Paediatrics, in 1886,1 could not have anticipated the worldwide interest 
it would evoke. Successful treatment of the condition had to wait for 50 
years until the pivotal role of the distal aganglionic segment and its vital 
role in the pathophysiology of Hirschsprung’s disease was identified.2,3 
The development of successful surgical management in the same year4 
has made HSCR one of the success stories of paediatric surgery in the 
modern era.

Demographics
Hirschsprung’s disease is a congenital cause of functional intestinal 
obstruction mostly diagnosable at birth but often presenting late in 
resource-poor environments.5 It has long been regarded as a special 
condition in Africa, often presenting with advanced disease and mal-
nutrition (the oldest patient we have encountered is 21 years of age). 
In Africa, patients often present following failure of traditional herbal 
enemas to afford relief. It may be difficult to separate from other con-
ditions of megacolon, particularly in Africa where it may present in a 
way similar to other conditions, such as degenerative leiomyopathy. 
As a result, many believe that there is a special phenotypic expression 
in Africa. Although difficult to prove, there is a suspected interethnic 
variation in terms of genetic haplotypes within the promoter region of 
the REarranged during Transfection (RET) proto-oncogene in African 
patients. This is based on extrapolated data and has yet to be substanti-
ated in Africa itself.

The HSCR incidence worldwide is approximately 1 in 5,000 live 
births. This has been substantiated in South Africa, where large series 
have reported a frequency of approximately 1 patient in every 5,726 
live births, with all ethnic groups being affected.6,7 The male-to-female 
ratio is approximately 4:1 overall worldwide, but appears to vary 
between the various ethnic groups represented in South Africa.6 This 
ratio was 3.6:1 in caucasians and 3.9:1 in black African patients, but 
dropped to 2.5:1 in those of mixed descent, where a greater proportion 
of females were observed. The male-to-female ratio is also affected 
by the length of the aganglionic segment, which approaches 1:1 in 
total colonic aganglionosis (TCA). An overall male predominance is 
apparent, with incomplete gene penetrance and a variable phenotype.

Most babies with HSCR are born to mothers with a normal antenatal 
history (92%) with the majority having good Apgar scores. HSCR is 
mostly associated with big babies (average birth weight of 3,129 gm), 
and has been generally thought to be rare or absent in premature babies. 
This widely held belief has not been substantiated in recent studies, 
although our series had 12.2% who weighed less than 2.5 kg at birth, 
but in only 3 (1.9%) could a gestational age <37 weeks (28, 32, 33 
weeks) be documented.

Hirschsprung’s disease has been described as a sex-linked 
heterogonous disorder with various degrees of severity. It has a 
variable pattern of inheritance, which includes dominant, recessive, and 
multigenic patterns of transmission. 
Associated Anomalies
The reported incidence of HSCR-associated anomalies varies between 
5% and 32%, with a mean of 21.1%; no associated link between asso-
ciated anomalies and familial HSCR transmission has been observed. 
Twelve percent are associated with chromosomal anomalies; Down 
syndrome is one of the most frequent (5.82% on average). These genet-
ic variations account for more than 50% of the observed abnormalities 
associated with HSCR. Other associated anomalies include congenital 
eye problems and other associated syndromes (e.g., Waardenburg syn-
drome, sensorineural deafness, neurofibromatosis).

Associated anomalies (see Figure 76.1 for relative frequencies) 
include gastrointestinal (GIT), central nervous system (CNS), genito-
urinary (G-U), musculo-skeletal, cardiovascular system (CVS), 
craniofacial, and skin.

Figure 76.1: Hirschsprung’s-associated abnormalities.

 

Although Hirschsprung’s disease is described in association with 
several congenital abnormalities, there are two main reasons for their 
significance: 
1. The majority may be attributed to abnormal genetic development 
signalling, yielding clues as to the genetic background of HSCR and 
its pathogenesis. 
2. The influence of these associated anomalies on prognosis. 
Familial Transmission 
HSCR has a well-documented inherited familial predisposition (2.4–
9%) and has also been reported in mono- and dizygotic twins. Affected 
families are known to carry an approximately 200 times higher risk of 
recurrence.8 No significant difference is noted between male and female 
probands, but in our series, 50% of male TCA patients had a family his-
tory, transmitted through a female sibling in only two cases. 
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An association also exists between aganglionosis extending beyond 
the rectosigmoid and a family history (59% of familial versus 26% 
of the nonfamilial), with the frequency of TCA being significantly 
higher (P< 0.01) in the familial group. In addition, HSCR may recur 
in 15–21% of families with long-segment aganglionosis (L-HSCR), 
and as high as 50% in patients with ultra-long-segment aganglionosis 
(Zuelzer’s disease). In our series, a progression of the length of segment 
was also observed in succeeding generations in two families. 

The pattern of inheritance appears to vary in terms of the length 
of the affected segment, long-segment Hirschsprung’s disease being 
considered to have an autosomal dominant inheritance pattern with 
incomplete penetrance (mostly RET; see nest section), whereas short-
segment Hirschsprung’s disease appears to be transmitted in an 
autosomal recessive manner or due to multiplicative effects of a number 
of involved genes.9 In addition, several known associated syndromes 
are also inherited in an autosomal dominant manner.

Aetiology/Pathophysiology
The normal migration of neuroblasts in a cephalo-caudal direction 
within the bowel reaches the rectum by 12 weeks. Should the normal 
development be disturbed, a part of the colon will lack the normal 
ganglion cells and result in a functional loss of coordinated peristalsis, 
as occurs in HSCR. 

At a molecular level, HSCR essentially appears to result from 
disruption of normal signalling during development. As a result, 
the cues controlling the migration of the neural crest cells go awry, 
resulting in aganglionosis of the distal bowel. 

Current evidence would appear to support a large genetic component 
in HSCR aetiology. The patterns of conditions associated with HSCR 
have already been of great value in revealing many of the genetic 
components of the condition. Known genetic variations have been 
identified in at least 12% of HSCR cases which is higher than the 
expected in the normal population. Although much progress has been 
made in assessing possible mechanisms by which this gene malfunction 
may be involved in the pathogenesis of HSCR, the aetiology of HSCR 
is complex probably involving both genetic and microenvironmental 
influences in the development of the clinical phenotype. The extent 
of the complexity is shown by the number of genes implicated in 
its pathogenesis (at least nine). This is hardly surprising, as the 
signals governing cell migration and development in the embryo are 
extraordinarily complicated, and signalling molecules are notorious for 
crosstalk and redundancy. 

Although the reason for the incomplete migration and development 
of ganglion cells is as yet not completely clear, the identification of 
major susceptibility genes (namely, the REarranged during Transfection 
(RET) gene and the Endothelin B receptor gene (EDNRB) and other 
genetic variations) have helped in understanding the aetiology of 
the condition. Ongoing research has identified a number additional 
HSCR susceptability genes (the EDNRB ligand EDN 3, the glial cell 
line derived neurotrophic factor (GDNF) situated at chromosome 
5p12-13, and its related GFRα). In addition, the recently described 
association with PHOX2B and the SOX-10 gene on chromosome 
22q13 and appears to synergise with the endothelin system in very long 
aganglionic segments. 

Pathology
Hirschsprung’s disease results in a functional obstruction of the bowel 
with dilatation of the proximal colon and hypertrophy of the muscles 
(i.e., megacolon). 

Macroscopically, HSCR features a narrow aganglionic segment 
and a transitional zone, and then the dilated proximal portion with a 
thickened bowel wall as a result of hypertrophy of the muscular wall 
of the intestine. 

HD classically affects the rectum and sigmoid (70%), but can also 
involve a long portion of colon and can affect the entire large bowel. In 
20% of cases, a long segment of colon is affected, with the total colon 
being aganglionic in 8–10%.

Extensive ultra-long aganglionosis with extensive small bowel 
involvement is uncommon, occurring in <2%. 

The functional abnormality always includes the internal anal 
sphincter and extends proximally for short or long distances, depending 
on the type.

HSCR, although regarded at one stage as a relatively easy diagnosis, 
has on occasion become “one of the most difficult diagnoses in 
Paediatric Surgery”,10 mainly due to difficulties in interpreting the 
histological, clinical, and radiological findings. 
Histologic Diagnosis
The classic histological picture of Hirschsprung’s disease is the absence 
of ganglion cells in intramuscular myenteric (Auerbach’s) plexus and 
the submucosal Meissner’s plexus. In addition, proliferation of periph-
eral nerves may also be seen in the affected bowel.

The method of suction biopsy initially described by Helen Noblett11 
allows specimens of the submucosal and mucosal layers to be obtained 
with minimal discomfort and without anaesthesia. A number of 
innovations to the biopsy forceps over the years have culminated in the 
availability of a superior tool with disposable capsules for specimen 
taking. This method, although reliable, is underutilized due to the 
expense of the disposable capsules. A more durable tool of the old-
fashioned type is still manufactured, but can be difficult to locate (one 
possible source can be found at http://www.Trewavis.com.au/).

Biopsy specimens are taken at 2 and 4 cm (3 and 5 cm in 
older children). Failure to obtain adequate diagnostic yield on rectal 
suction biopsy will necessitate a full thickness biopsy, which causes 
problems during surgical procedures that require mucosal stripping 
(e.g., endorectal pull-through procedures). The biopsy specimens are 
then snap frozen and sectioned into slices ±15 µm thick. 
Acetylcholinesterase Increase
Acetylcholinesterase (AChE) staining techniques remain the investiga-
tion of choice to evaluate suction biopsies to show an increased activity 
in the parasympathetic nerves of the affected zone as well as neurofi-
brils within the lamina propria and muscularis mucosa (Figure 76.1). 
This technique remains the gold standard on rectal suction biopsies in 
Europe and many parts of the world. 

Because AChE staining techniques are mostly confined to 
specialized centres, many pathology units in Africa have a problem in 
obtaining access and rely on H&E (hematoxylin and eosin) staining, 
which may present difficulties in identifying immature ganglion cells 
from plasma cells or lymphocytes. 

Interpretation of AChE staining may be influenced by the different 
patterns of AChE seen (particularly in neonates). The classic type A 
staining shows prominent AChE positive nerve fibrils throughout the 
lamina propria. The type B pattern shows similar AChE neurofibrils 
in the muscularis mucosa and neighbouring lamina propria.12 Patients 
demonstrating the type B histochemical pattern may go on to display 
typical type A patterns after a few weeks.

Other immunohistochemical staining methods abound. NADPH-d 
immunocytochemistry yields a blue identification of both submucosal 
and myenteric ganglia.

The morphologic diagnosis of HSCR therefore rests on the following:
• Absence of ganglion cells in the submucosal layer (and/or intermy-

enteric (Auerbach’s) plexus)

• Presence of the enlarged peripheral nerve trunks in the submucosa

• Increased AChE staining—proliferation of neurofibrils in the lam-
ina propria and the muscularis mucosa (absent in normally inner-
vated intestine; see Figure 76.2)
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Clinical Features
The clinical evaluation of the patient remains the most important diag-
nostic step in the diagnosis of HSCR. 
History
A delay in passage of meconium is the most important neonatal obser-
vation. Normal babies pass meconium within 24 hours, and a small 
percentage will also pass meconium by 48 hours. A significant delay 
in the passage of meconium after birth indicates a congenital cause. 
Any baby who has a delay in the passage of meconium of more than 24 
hours or who passes little meconium should be investigated for HSCR.

Other signs in the neonate are a functional intestinal obstruction and 
bile-stained vomiting, often from day 2. In the older child in Africa, 
the main complaints are abdominal distention, constipation, wasting, 
diarrhoea, and retardation in growth.

A family history of HSCR or severe constipation are other 
significant factors. A family history is present in 4%, with a 61% 
possibility of a long segment. Other associated anomalies account for 
16% of the cases of HSCR.
Physical Presentation 
The clinical presentation depends not only on the length of the agangli-
onosis but also the age of the patient.

Neonate (50–80%)
• Most cases (>90%) present with signs in the neonatal period but are 
sometimes overlooked in poorly resourced health situations.

• In Africa, the number of neonatal diagnoses made may be as low as 10%.

• Intestinal obstruction presents with bile-stained vomiting and 
abdominal distention (often by day 2).

• Delayed passage of meconium is a presenting feature in more than 
80% of patients with Hirschsprung’s disease.

• Hirschsprung’s-associated enterocolitis (HAEC) (16%) presents with 
bloody diarrhoea and mucus associated with abdominal distention and 
vomiting. The majority of cases of enterocolitis present during 2–4 
weeks after birth. This is an important diagnosis because it accounts 
for 53% of the mortality arising from Hirschsprung’s disease. 

Older child (+10–50%)
• Some patients have early onset of mild constipation followed by 
acute low intestinal obstruction. The early onset of chronic consti-
pation (often since birth) is an indication to exclude HSCR. Stools 
when passed are irregular and passed with great difficulty. 

• Abdominal distention occurs in almost 100% (may be marked).

• Megacolon of the proximal colon is a classic sign of HSCR.

• The child does not develop normally and is often thin and malnourished. 

Figure 76.2: Acetylcholinesterase stain (Meier-Rüge), showing neurofibrils 
within the lamina propria in Hirschsprung’s disease.

• In contrast to the rectal findings in chronic constipation, the rectum 
is often empty on examination in HSCR and should the examin-
ing finger push beyond the aganglionic zone, there is an explosive 
evacuation of soft stool.

• Hirschsprung’s-associated enterocolitis can also occur in the older 
patient or after surgery. This may lead to toxic megacolon.

• Secondary urogenital problems may occur in patients as a result of 
the chronic obstruction (e.g., vesicoureteric reflux, hydronephrosis).

Diagnostic Investigations
History and Examination
Look for clinical features of HSCR.
Abdominal X-rays
The diagnostic accuracy of abdominal x-rays is 52%. 
• Look for signs of low intestinal obstruction and distended bowel 
loops of different calibres (Figure 76.3). 

• Erect plates can demonstrate in fluid levels.

• A lateral view may demonstrate the narrow rectum.

Figure 76.3: Abdominal radiograph showing a low intestinal obstruction and 
varying distended bowel loops.

Contrast Enema
• A contrast enema is diagnostic in two-thirds of patients if low pres-
sures are used. Irrigation of the colon before the contrast must not 
be performed as it may result in possible decompression of the 
megacolon or the distended bowel.

• The narrow aganglionic segment is shown with a dilated proximal 
bowel segment, and a transitional zone is diagnostic.

• Care must be taken not to apply pressure in neonates, as the bowel 
can easily be distended (Figure 76.4).

Figure 76.4: Underfilled contrast enema showing a narrow distal segment and 
distended proximal bowel (right).
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• The aganglionic segment may be irregular, demonstrating a saw-
tooth appearance, probably as a result of muscular fasciculations.

• A delay in the clearing of contrast (barium sulphate) within 24 
hours is also a reliable sign, and a follow-up x-ray should be per-
formed the following day.

Manometry
In normal people, distention of the rectum results in the reflex relax-
ation of the internal sphincter (rectosphincteric reflex; see Figure 76.5). 
This is absent on manometry in patients with Hirschsprung’s disease.

Figure 76.5: Manometric tracing showing normal rectosphincteric reflex.

recent swing to management by bowel irrigation techniques allows for 
early one-age surgery to be performed at a much earlier stage (mostly 
still within the neonatal period). Colostomy may still be necessary in 
resistant cases or if nursing care is unreliable.

Definitive pull-through surgical procedures have undergone 
numerous modifications since the original description by Swenson. 
Most of these modifications are based on the original concept 
described in 1948 by Swenson and Bill4 and adhere to the principle of 
removing the functionally obstructive segment of aganglionic bowel 
and reanastomosis. In recent years, the endorectal pull-through (ERP) 
described by Soave14 has gained popularity. 
Neonatal Pull-Through
The current trend is for primary anal ERP either as a primary proce-
dure or as a laparoscopically assisted pull-through procedure once 
the patient has been stabilized. Many argue for the latter because the 
laparoscope allows for histological mapping to identify the level of the 
transitional zone by biopsy It appears to make the procedure consider-
ably easier in the neonate. 

It would appear that neonatal pull-through is a safe and feasible 
method of treatment of Hirschsprung’s disease and is suitable for those 
patients diagnosed in the neonatal period. Unfortunately, this applies to 
fewer HSCR cases in much of Africa. The remainder, who present with 
grossly distended megacolon, are probably best managed by surgical 
diversion of the faecal stream, allowing the chronically distended bowel 
to return to a normal calibre lumen before definitive surgical correction.

The major disadvantage of the one-stage neonatal pull-through 
procedure is that the determination of normal bowel is entirely 
dependant on frozen section histopathological evaluation. An expert 
pathological service is essential for this procedure to be carried 
out safely; the time taken for this procedure may vary but may add 
considerable delay. In addition, longer aganglionic segments present 
certain technical difficulties, resulting in a significant number of 
conversions to standard operative procedures.

Definitive Surgical Procedures 
Five surgical procedures have received reasonably wide acceptance.
Swenson Procedure
This was the original operation described by Swenson in 1948. It involves 
resection of the aganglionic segment deep into the pelvis and direct end-
to-end anastomosis of the proximal colon to the anorectal canal.
Duhamel Procedure 
In the Duhamel procedure (retrorectal pull-through), the lower but 
aganglionic rectum is retained and the ganglionated bowel brought 
posteriorly and anastomosed to the aganglionic remnant in a side-to-
side anastomosis.
Soave Procedure 
The Soave procedure (extramucosal endorectal pull-through), along with 
its variations, is the most frequently performed procedure in the world 
for short-segment Hirschsprung’s disease. See Figure 76.6. It has more 
recently been popularized as a laparoscopic-assisted or anal approach.

The procedure involves an extramucosal resection of a retained 
aganglionic rectal segment. The rectal mucosa is removed and a 
muscular cuff retained. The ganglionated colon is brought through this 
cuff and anastomosed to the dentate line in the rectum, thus forming an 
endorectal pull-through.
Rehbein Procedure 
Largely abandoned, the Rehbein procedure (deep anterior resection) 
involves bringing the proximal ganglionic colon into the pelvis and 
anastomosed to the rectal stump by means of an end-to-end anastomo-
sis higher than in the other operations (i.e., at the level of the levator 
ani muscle). It is very similar to the low anterior resection performed 
in adults.

Rectal Biopsy
See the section in this chapter on Pathology.
Differential Diagnosis
Differential diagnosis includes the following:
• Small left colon syndrome, particularly in diabetic mothers

• Meconium plug syndrome in neonates.

• Chronic idiopathic intestinal pseudo-obstruction (CIIP, or CHIPS)

• Other dysganglionosis of the gastrointestinal tract

• African degenerative leiomyopathy (ADL)13

• Acquired megacolon (generally at >1 year of age), resulting from 
anal fissure, anal or rectal stricture, anorectal malformations, 
tumour, or psychogenic reasons

Management
The standard surgical management of Hirschsprung’s disease varies 
among centres. 

The initial aim of management is to confirm the diagnosis. The 
patient is resuscitated and antibiotics are given (some children with 
enterocolitis have clostridium difficile infection). 

The second aim is to correct the problem (i.e., relieve the intestinal 
obstruction) by means of definitive surgery. The aim of definitive 
surgery is to resect the abnormal aganglionic bowel and to anastomose 
normally ganglionated bowel to the rectum without affecting continence. 
Fluid and electrolyte losses are corrected and antibiotics commenced, 
if required.
Principles of Surgical Management and Results 
A defunctioning colostomy (colostomy located at site of normal gangli-
onated bowel as determined by the presence of ganglion cells on frozen 
section) is the traditional way of relieving obstruction. This is then fol-
lowed by a definitive pull-through procedure 3 to 9 months later.

Although a covering colostomy appears to decrease the incidence 
of infection, complications from the colostomy are not uncommon, 
including skin excoriation and bleeding from the stoma and prolapse.

In modern practice, temporary decompression is first attempted 
by means of washouts with warm saline. Should this be successful, 
it can be continued until definitive surgery can be performed. The 
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Transanal Pull-Through 
The transanal pull-through approach is through the anus, thus avoiding 
abdominal scars. It is currently in vogue in many parts of the world, 
being mostly suited to a short aganglionic segment. It is similar to the 
Soave procedure, but is performed in reverse through the anus.

The technique involves the patient being placed in lithotomy 
and the rectum irrigated until clean. Retraction sutures are placed to 
expose the rectal mucosa and open the anus. Submucosal dissection is 
commenced 3–5 mm from the dentate line and the cut line controlled 
by multiple fine traction sutures. Following the completion of the 
submucosal dissection, the rectum is transected. The dissection is 
continued proximally until the peritoneal reflection where the sigmoid 
colon is mobilized and delivered. Following histological confirmation 
of ganglion cells in the proximal bowel, the aganglionic segment is 
resected, and a sutured anastomosis is performed. Many recommend a 
laparoscopic first stage to mobilize the bowel and perform biopsies to 
facilitate the resection margins.

Postoperative Complications of     
Hirschsprung’s Surgery

Early postoperative complications appear to occur at a similar rate 
regardless of the age at surgery. The majority of reports of neonatal 
correction of Hirschsprung’s disease describe initial experiences, and a 
paucity of long term-data exists. The Toronto group15 have shown that 
the complication rate of single-stage repair was unaffected by whether 
the repair was performed prior to or later than the neonatal period, and 
the short-term outcome was similar for those weighing less than 4 kg.

There is a paucity of long-term evaluations, although one large 
study16 reported a 6% incidence of postoperative enterocolitis and 
a 4% stricture rate. The overall long-term development of function 
(continence, sexual, and psychological) remains largely unevaluated.
Early Complications
Early postoperative complications include anastomotic insufficiency, 
stenosis, prolonged ileus, adhesive obstruction, intestinal obstruction, 
and retraction of the neorectum. Wound sepsis may be present to vary-
ing degrees, and other complications of sepsis or pelvic or presacral 
abscesses may be evident. Acidosis may be associated with excessive 
fluid and electrolyte losses in long-segment disease, and enterocolitis 
associated with Hirschsprung’s disease may be present. Early compli-
cations following the Soave procedure are a reported higher rate of 
anastomotic leakage (4–7.7%) and stenosis (9.4–23.7%) compared with 
other procedures. 

Late Complications
It is essential that the operative details are available in the assessment 
of long-term complications, so that like can be compared with like. 
The evolving nature of the surgery of Hirschsprung’s disease should 
be borne in mind, as it has evolved from the original three-stage proce-
dure to a two-stage and now one-stage (mostly neonatal) pull-through 
(often laparoscopic assisted). These technical advances have largely 
altered the nature and frequency of early complications, and it would 
appear from available evidence that the newer modifications give a 
lower incidence of enterocolitis and stricture formation. Reliable data 
and evaluation of late complications are largely unavailable regarding 
constipation incidence, continence, social integration, and sexual func-
tion, among others. 

It is generally recognised that the major long-term complications 
in the postoperative period following Hirschsprung’s surgery are 
constipation and Hirschsprung’s-associated enterocolitis. The long-term 
incidence of constipation approaches 9% following almost all surgical 
procedures, but this figure may be considerably influenced by certain 
procedures with a well-established higher incidence of constipation (e.g., 
the Rehbein procedure). The incidence of postoperative constipation is 
one of the most practical methods of measuring successful therapy, 
although its assessment is often highly subjective. The true incidence 
may , in fact, be hidden, due the fact that many patients receive some 
form of treatment (e.g., stool softeners, etc.). Postsurgical obstructive 
symptoms must be separated from HAEC because diarrhoea and 
enterocolitis may persist into the postoperative period (especially 
following extensive gastrointestinal (GI) involvement such as TCA). 
The incidence of HAEC may also be influenced by obstruction due to 
the presence of stenosis or cuff strictures.

Constipation and obstructive symptoms may be related to a 
number of possible causes, which include a residual aganglionic 
segment, sphincter achalasia, associated dysganglionosis of the enteric 
nervous system, strictures, restrictive cuff following ERP, retained spur 
following Duhamel procedures, “acquired” aganglionosis, and other 
functional causes. Most large series include a small number of patients 
with incomplete resection of the aganglionic segment (namely, 2.2% 
for the Soave procedure; 3.6% and 3.8% for the Swenson and Rehbein 
techniques, respectively; and 1.2% following the Duhamel procedure), 
and repeat biopsies may be required to ascertain the status of the pull-
through segment.

In many cases of postsurgical obstructive symptoms, failure to 
identify a cause on routine clinical and pathologic investigations 
suggests some degree of sphincter achalasia due to the failure of the 
internal sphincter to relax. Sphincter achalasia may be difficult to 
treat, and previous attempts at repeated anal dilatation have had mixed 
success. We have found the topical application of a glyceryltrinitrate 
paste to be fairly effective, and it is a cheap alternative to the injection 
of botulin toxin advocated by some.

Although the majority of patients do well following the modified 
surgical techniques currently employed for treating HSCR, some 
patients experience some degree of lack of control on follow-up. The 
incidence of incontinence following the ERP technique appears to be 
low, although sufficient long-term follow-up is as yet not available 
to assess the long-term outcome of neonatal or the transanal ERP 
techniques. Intermittent soiling may be associated with constipation, 
diarrhea, and a faeculoma, thus appearing to be related to overflow 
rather than inadequate sphincters. Some may be attributed to ill-advised 
sphincterotomy (largely historical).

There is a reported incidence of 0–9.7% of patients with genitourinary 
symptoms such as enuresis, incontinence of urine, dysuria, and 
impotence. The possibility that this could have resulted from damage 
to pelvic nerves (especially with techniques involving extensive pelvic 
dissection) has largely been confined to historical series. It has also 

Figure 76.6: Soave procedure. 



 Hirschsprung’s Disease 453

1. Hirschsprung’s disease (HSCR) occurs in 1 out of every 5,000 
live births worldwide.

2. HSCR is a functional intestinal obstruction occurring most 
frequently in large, term babies.

3. The male-to-female ratio is approximately 4:1 overall, but 
approaches 1:1 in long-segment Hirschsprung’s disease 
(L-HSCR).

4. The aetiology is multifactorial, with genetics playing a major 
role.

5. The family recurrence varies between 4% and 9%.

6. The main susceptability gene is the REarranged during 
Transfection (RET) gene on chromosome 10 (10q22), but at 
least nine other genes have been implicated (including the 
Endothelin B receptor (EDNRB)).

7. The disease is caused by the congenital absence of ganglion 
cells (aganglionosis) in the distal bowel (histopathologically).

8. Aganglionosis may be confined to the rectosigmoid area in 
>70% (short-segment; S-HSCR).

9. Aganglionosis may extend up the large bowel for varying 
lengths (long-segment; L-HSCR) and may involve the entire 
colon (total colonic aganglionosis, or TCA), and even up the 
small bowel.

10. The majority of affected patients present with delay in the 
passage of meconium after birth, constipation, and abdominal 
distention.

11. Hirschsprung’s-associated enterocolitis (HAEC) is a serious 
complication that contributes to morbidity and mortality.

12. Surgery involves relief of intestinal obstruction, confirming the 
diagnosis, and a corrective pull-through surgical procedure.

13. The majority of patients with Hirschsprung’s disease are 
surgically correctable and can live productive, satisfying lives. 

14. Most HSCR patients (93%) achieve acceptable anorectal 
function, given sufficient time to adjust.

Key Summary Points

been suggested that these symptoms may be related to psychological 
disturbances associated with long periods of hospitalization and trauma.

A relationship with perirectal abscess formation has been reported, 
and postoperative septic complications resulting in subsequent perianal 
fistulas appear to be uncommon, although they have been reported in 
isolated cases following the Swenson, Duhamel, and Soave procedures.17

Mortality, although uncommon, has been reported in 1.5–2.8%, 
depending on the surgical procedure employed. This can be partly 
influenced by HAEC and Down syndrome (where the mortality rate 
approaches 26%).18,19 
Management of Special Problems
Enterocolitis management
Avoid surgery in the acute stage of HAEC because it may result in an 
increased incidence of complications. Management of HAEC includes 
resuscitation, antibiotics, decompression (6-hourly), and colostomy 
when stabilized.

Total colonic aganglionosis 
Total colonic aganglionosis poses special problems due to the length of the 
bowel involved. It is usually treated by means of an ileostomy, a subsequent 
anal pull-through procedure with preservation of some aganglionic bowel, 
and anastomosis by means of a long side-to-side anastomosis.

Other
Obstructive symptoms may occur in the postoperative phase with recur-
rent episodes of abdominal distention associated with watery diarrhea.

Prognosis and Outcome
Ethical Issues
• Hirschsprung’s disease is surgically correctable, and the majority of 
patients with the disease can live productive, satisfying lives. 

• Physical growth and development generally approximate normal.

• Intellectual function is mostly good.

• Most HSCR patients (93%) achieve acceptable anorectal function, 
given sufficient time to adjust.

• Long-term functional results are excellent in some, good in the 
majority, and poor in approximately 15–30%. 

• Functional results depend on the length of aganglionosis, procedure 
performed, surgical complications, social circumstances, family 
support, and associated anomalies, among other factors.

• Psychological problems may be magnified in those with poor sup-
port systems.

• Ethical issues do arise in cases of very long aganglionic segments, 
leading to intestinal failure. 

• Ethical issues may be pertinent in certain disabling associated 
anomalies.

• Genetic counselling (if not handled correctly) also has the potential for 
giving rise to ethical issues, but should not be handled in isolation.

Genetic Counselling and Prevention
Although genetic factors are clearly implicated in the aetiology of 
HSCR, no clear pattern of inheritance exists, and autosomal domi-
nant, recessive, and multigenic patterns have all been reported. This 
all strongly suggests a multifactorial and multigenic HSCR aetiology, 
and the majority of HSCR cases can be classified as complex genetic 
disorders for which familial aggregation is observed with variable 
Mendelian inheritance. Genetic counselling via pedigree analysis alone 
is particularly difficult in such a multifactorial condition, as it may be 
affected by a number of other unrelated factors (e.g., small family size, 
poor history, and adoption, as well as the lack of an identifiable genetic 
mutation). As a result, practical therapeutic interventions still appear to 
be mostly unattainable. 

Nevertheless, apart from being an integral part of the ethics 
surrounding DNA testing, genetic counselling has become highly 
sought by families at risk. It is currently mostly carried out on empiric 
grounds. This will help to drive the process forward and DNA analysis 
of at least the major susceptibility genes in the family is an achievable 
goal. Should a major genetic defect be detected in this manner, the door 
is open for foetal genetic testing and evaluation of risk.
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Introduction
Anorectal malformations (ARMs) occur commonly throughout the 
African continent.1 Even under the best of circumstances, children 
undergoing operative treatment for ARMs may have lifelong bowel 
management problems of constipation, incontinence, and encopresis. 
In some areas of Africa with severely limited resources, few surgeons 
have expertise in the definitive management of these malformations. 
Operations are often performed out of desperation by doctors with 
minimal experience using inadequate equipment. Many of the affected 
children, not unexpectedly, suffer a lifetime of misery from bowel man-
agement problems. Other children undergo a colostomy in the newborn 
period, and definitive treatment is delayed until a surgeon with appro-
priate expertise is available. Due to the paucity of trained paediatric 
surgeons in most of Africa, many children throughout Africa may be 
living with a colostomy and hoping that someone with expertise will 
come along to help them achieve a more normal life. In some instances, 
particularly in rural areas, neonates identified with ARMs at birth are 
abandoned or euthanized because they are considered “nonviable” due 
to their abnormality. Some females with rectovestibular fistulas large 
enough for adequate defecation are not brought for operative correction 
until it is time for marriage (Figure 77.1). 

Pathophysiology
A description of the embryological events resulting in ARMs is beyond 
the scope of this chapter. It is much more important that the African 
paediatric surgeon concentrate on understanding the various types of 
ARMs and how to best manage them. ARMs occur in an estimated 1 
in 4,000 births worldwide, but this estimate is based on data from more 
developed countries where accurate birth records are available. To 
the paediatric surgeon sitting in a grossly overcrowded surgery clinic 
in a major African teaching hospital, the incidence of ARMs appears 
much higher. This, however, may be an artifactual observation because 
most children with ARMs are referred to these tertiary referral centres, 
whereas children with other less complicated operative problems are 
managed locally without referral. An impressive multicentre African 
study1 demonstrated that ARMs are at least as common in Africa as in 
other parts of the world. ARMs in children are among the most com-
mon and most complex problems that the African paediatric surgeon 
will confront.

The term “imperforate anus” has traditionally been used to describe 
all anorectal abnormalities in females and males. Although imperforate 
anus implies that the anus never opened anywhere, a purely blind anal 
pouch is actually rare. Usually the rectum has opened either onto the 
perineum or into the genitourinary tract. The spectrum of abnormalities 
is quite broad, and therefore this chapter uses the term “anorectal 
malformations” for all of these abnormalities with further clarification 
to describe the specific malformation. “Imperforate anus” then refers 
to the specific portion of any anomaly where the rectum does not open 
properly through the anal musculature. 

The most common ARM defect in males is imperforate anus with a 
rectourinary tract (usually urethral) fistula (Figure 77.2(A)). The next 

most common ARM defect for males is a fistula into the perineum, a 
bucket-handle abnormality, or the presence of meconium in a midline 
perineal, scrotal, or penile raphe.  

In females, the most common defect is imperforate anus with a rectal 
fistula into the vestibule of the vagina (Figure 77.2(B)). Perineal fistulas 
and bucket-handle deformities also occur occasionally in females. An 
uncommon but very complicated female defect is persistent cloaca, 
in which the urethra, vagina, and rectum empty into a single common 
perineal opening (Figure 77.2(C)).

Diagnosis
The diagnosis of ARM should be made during the newborn physical 
examination. Many children in Africa are not born in health care facili-
ties, however, and the absence of an anus may not be appreciated by 
the family until hours or days after birth,2,3 when it is noted that the 
child’s abdomen is distending and the infant has not passed meconium 
(Figure 77.3).

Figure 77.1: Previously untreated congenital ARM (rectovestibular fistula) in a 
22-year-old female. The patient was brought for operative correction by her father, 
who hoped to increase her bride price. Note previous female circumcision.

Source: ©1990, Springer-Verlag New York, Inc. From Peña A, Atlas of Surgical Management of 
Anorectal Malformations, Springer-Verlag, 1990, Figures 3.1, 4.1, and 4.12. Reproduced with kind 
permission of Springer Science+Business Media.
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Figure 77.2: Three types of anorectal malformations: (A) male rectourethral 
fistula, (B) female rectovestibular fistula, (C) female persistent cloaca.
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Figure 77.6: Bucket-handle deformity.

Figure 77.7: Invertogram demonstrating a low (<1 cm) blind pouch.

When consulted for a newborn with ARM, the African surgeon 
should initially note the child’s gender and examine the perineum 
carefully to see whether there is any evidence of meconium from a 
perineal fistula (Figure 77.4) or along a midline raphe (Figure 77.5) or 
whether the child has a true bucket-handle deformity (Figure 77.6). If 
the child is male and there is no initial evidence of visible meconium, the 
child should be observed for 12 hours or more to see whether meconium 
appears in the perineum. During this time, gauze is placed over the penis 
so that the urine can be examined for evidence of meconium. If there 
is meconium in the urine, the diagnosis of a rectourinary tract fistula is 
made, and no further diagnostic procedures are indicated. 

If, however, there is no meconium identifiable in the urine or on the 
perineum, an invertogram is performed because a very small percentage 
of children (more common in children with Down syndrome) will have 
a blind pouch without a fistula. The child is placed in a prone jackknife 
position with the buttocks higher than the rest of the body for at least 30 
minutes. After that time, a radio-opaque object (drop of barium or coin) is 
placed on the anal dimple, a cross-table lateral x-ray is performed, and the 
distance between the rectal air bubble and the perineal skin is measured 
(Figure 77.7). If the distance is less than 1 cm, the lesion can be treated as 
a low lesion (see next section), but any distance greater than 1 cm should 
be managed as a high lesion. In females, the labia should be grasped for 
traction and the posterior portion of the vestibule (just external to the 
hymen) examined for a rectovestibular fistula (Figure 77.8). In persistent 
cloaca, there is only one perineal opening, and therefore the separate 
openings for urethra, vagina, and rectum are not visible. 

When the diagnosis of ARM is made, the child should be examined 
for other components of the VACTERL (Vertebral and spinal cord, 
Anorectal, Cardiac, TracheoEsophageal, Renal and other urinary 
tract, Limb) complex of anomalies. Diagnostic modalities must be 
appropriate for the particular locale. Therefore, in some African 
locales an echocardiogram may be utilized, whereas in others a 
stethoscope may be the only cardiac diagnostic modality available. 
An orogastric tube is used to test for patency of the esophagus. An 
ultrasound, if available, is the best way to initially assess the urinary 
tract for abnormalities.

Treatment
Initial determination of the particular type of ARM will determine the 
proper initial treatment for the newborn. For many years, defects were 
classified as high, mid, or low. For the purpose of simplifying the treat-
ment protocol for African paediatric surgeons, lesions in this chapter 
will be classified only as high or low. A colostomy is recommended 
as the initial treatment for high lesions, whereas low lesions can be 
treated primarily with an anoplasty. Low lesions that can be treated 
without a colostomy include those with evidence of meconium in the 
perineum or a bucket-handle lesion and those with a blind pouch less 
than 1 cm from the anal dimple, as demonstrated on invertogram. The 
most common lesions, including rectourinary tract fistulas in males and 
rectovestibular fistulas in females, should be treated as high lesions 
with an initial colostomy.

Creation of a proper colostomy is a difficult operation; it should not 
be assigned by default to the lowest-ranking physician who happens 
to be taking call after a long day in the operating theatre. The most 
common colostomy performed in African hospitals is a right transverse 
loop colostomy because it can be done quickly by simply pulling the 
colon out through a small incision and keeping it from returning to the 
abdomen by placing a rubber catheter beneath the protruding colon. 
Without adequate fixation, however, prolapse often occurs4 (Figure 
77.9), which can reach gigantic proportions. Death has even been 
reported from complications of a colostomy.5 Children in Africa often 
have to live with their colostomies for months or years, and mistakes 
made at the initial colostomy creation result in long-term misery for the 
patient and the family (Figure 77.10).

Figure 77.3: Four-day-old male with ARM brought to hospital moribund with a 
history of abdominal distention and no meconium since birth.

Figure 77.4: Perineal fistula in male newborn.

Figure 77.5: Newborn male with peno-scrotal midline raphe meconium.
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Alberto Peña has repeatedly emphasized the importance of a 
double-barrel colostomy to achieve total diversion of faeces.6 This 
is particularly important in males because there is usually a fistula 
between the distal colon and the urinary tract, and undiverted stool 
in the distal colon may cause repeated urinary tract infections (UTIs). 
It is best to place the colostomy in the distal descending or proximal 
sigmoid colon to make the distal limb shorter than it would be in a 
transverse colostomy. Many male children with ARMs have urine flow 
from the urethra into the distal colon and then out the mucous fistula 
(distal stoma), and if urine stays in the colon for long periods of time, 
it can cause a significant metabolic acidosis. However, if the distal 
sigmoid is mistakenly selected for the colostomy, the distal colon may 
be too tethered to properly come down to the perineum and may require 
taking down the colostomy at the time of anorectoplasty. 

A recommended method for creation of a colostomy is to make a 
transverse muscle transecting incision in the left abdomen just below 
the level of the umbilicus. The sigmoid colon is identified and traced 
proximally and distally to be sure that it is truly the sigmoid and not 
the transverse colon. A point is selected in the proximal sigmoid area, 
and the colon is transected at this point. The proximal sigmoid is 
less likely to prolapse because the distal descending colon is fixed to 
the left lateral peritoneal reflection. After transecting the colon, it is 
quite important to irrigate the distal colon with warm normal saline to 
remove all meconium, taking care that the effluent does not get into the 
peritoneal cavity. If this meconium is not properly removed at the time 
of colostomy, the meconium will desiccate and form large impacted 
faecal rocks, which complicate subsequent anorectoplasty. In order to 
prevent prolapse, the two stomas are secured to the peritoneum and 
fascia at opposite ends of the wound by using a minimum of six small 
absorbable sutures (3/0-5/0 vicryl) for each stoma. Approximately 2 cm 
of each stoma should protrude past the skin level. There is no need to 
mature these small stomas because they will spontaneously mature, and 
attempts at operative maturation may occlude the lumen. One or two 
sutures (3-0 vicryl, polydiaxanone, nylon, silk) are used to approximate 
the peritoneum, fascia, and muscle between the stomas to minimize 
parastomal herniation.

A skin bridge is created between the stomas by using interrupted, 
rapidly absorbable small sutures. The bridge must be wide enough 
to totally separate the stomas (Figure 77.11). When the child reaches 
approximately 2–3 months of age, and if the child appears in very good 
nutritional status as evidenced by a weight of 8–10 kg, a definitive 
posterior sagittal anorectoplasty (PSARP) can be considered. In 
males, a distal colostogram should be performed prior to operation to 
determine the site of the fistula. This is performed by inserting a Foley 
catheter into the mucous fistula and inflating the balloon enough to 
occlude the colon lumen. The child is placed in a lateral position on 
the x-ray table with the hips flexed. Under fluoroscopy, if available, a 
water-soluble contrast medium is injected to fill the distal rectum and 
adequately identify the place of entry into the urinary tract (Figure 
77.12). If fluoroscopy is not available, proper timing of injection with a 
plain film x-ray can usually adequately define the fistula. 

Posterior Sagittal Anorectoplasty Technique
The technique of PSARP, popularized by Alberto Peña in the 1980s,7 is 
currently the most commonly utilized procedure for repairing ARMs. 
This is the procedure, with a few modifications for African practitioners, 
that is described in this chapter. PSARP in a male with a urethral fistula 
is described first because this is a commonly encountered lesion and is 
the most difficult to repair. A urinary catheter is inserted before defini-
tively positioning the patient. Sometimes the catheter goes through the 
fistula and into the rectum instead of into the urinary tract. If no urine is 
obtained from the catheter, the balloon should not be inflated in case it 
has curled up in the urethra. If the catheter is in the rectum, it can later 

Figure 77.8: Most common female ARM. Catheter is in urethra; 
probe is in rectovestibular fistula.

Figure 77.9: Prolapsed right transverse loop colostomy.

Figure 77.11: Double-barrel colostomy with intervening skin bridge.

Figure 77.10: This three-year-old child with Hirschsprung’s disease underwent 
a colostomy at three months of age. Now he is awaiting someone to perform a 
definitive procedure. (A) Tremendous prolapse. (B) Colostomy bag improvised 
by the mother to keep child from stepping on his colostomy.

Source: Meier, DE, Opportunities and improvisions--suggestions for successful short-term 
pediatric surgical volunteer work in resource-poor areas. World J Surg 2010; 34(5): fig 1. 
Reproduced with permission from Springer Science+Business Media.
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Figure 77.14: Improvised anal stimulator: (A) anaesthesia nerve stimulator; (B) 
handpiece made from solid, double-pronged, insulated wire.

Source: Meier, DE, Opportunities and improvisions--suggestions for successful short-term 
pediatric surgical volunteer work in resource-poor areas. World J Surg 2010; 34(5): fig 2. 
Reproduced with permission from Springer Science+Business Media.

Figure 77.12: Colostogram showing fistula of rectum into bulbous urethra.

Figure 77.13: Positioning of patient for PSARP.

be manipulated into the bladder. PSARP is performed with the child 
in a prone, jackknife position with all pressure points properly padded 
(Figure 77.13).

A Peña muscle stimulator is the best method for visualizing the perineal 
musculature, but these stimulators are quite expensive (>US$3000), so 
they are economically inaccessible for most African paediatric surgeons. 
As a result, many African surgeons use an electrocautery to identify the 
musculature, but this may cause damage to precious tissues, even on a 
low setting. The risk is decreased if a needle-point diathermy is used 
for all incisions. A much less expensive (US$50) and more appropriate 
stimulator can be improvised by using an anaesthesia nerve stimulator 
and a piece of solid, double-pronged, insulated wire, available in 
hardware stores around the world (Figure 77.14).

The insulation is removed for a distance of 1 cm from both ends of 
both pieces of the wire. The wire itself can be sterilized by soaking in 
an appropriate sterilizing solution. One end of both wires is connected 
to the stimulator. The other ends of the wire are left close to, but not 
touching, each other. This then serves as the handpiece used to touch the 
patient. Nonsterile personnel push the “continuous tetany” button on the 
stimulator whenever the surgeon wants to stimulate the patient with the 
handpiece to assess muscle contraction. 

It is important during PSARP operations that anaesthesia personnel 
not administer a muscle relaxant because this impairs the use of any 
muscle or nerve stimulator. If a muscle relaxant is absolutely necessary 
for intubation, it must be a very short-acting one because the muscle/
nerve stimulator should be used early in the operation to define the 
musculature before any incision is made. 

After mapping out the perineal musculature with a stimulator, 
temporary stay sutures are placed on either side of the midline at the 
anterior and posterior limits of the anal muscle complex (sphincter 
muscle) to identify the limits of the complex later in the operation if 
needed. A posterior sagittal incision is performed from the coccyx to the 
perineal body area, preferably with a needle-tip electrocautery placed 
on “cutting” current. After incising the skin, the deeper tissues can 
be incised by using the “coagulation” setting. The stimulator is used 
frequently to ensure that a true midline incision is being performed with 
equal musculature on either side. The incision is carried in the midline 
through the parasagittal fibres, the muscle complex, and the levator 
muscle (Figure 77.15(A)). 

Deep to the levator, the white appearance of the rectum should be 
visualized. Attempts at dissecting around the rectum at this time should 
be avoided. Distally, the rectum is opened longitudinally to view the 
inside of the rectal lumen (Figure 77.15(B)). Anteriorly, the small fistula 
into the urinary tract is seen. Traction sutures are placed, and the anterior 
rectal wall is very carefully dissected from the posterior urethral wall 
(Figure 77.15(C)). This is the most difficult part of the operation. 

After the initial dissection from the urethral wall itself, the dissection 
becomes easier above the prostate at the level of the bladder itself. The 
urinary fistula site should be carefully closed with an absorbable, fine 
suture. The rectum is then dissected circumferentially, staying close to 
the rectum itself so as to avoid damage to surrounding nerves, muscle, 
and urinary tract structures (Figure 77.15(D)). Fibrotic neurovascular 
bands are taken down to further free the rectum (Figure 77.15(E)). 
When the rectum is freed enough to come to the perianal skin without 
significant tension, the closure is performed. Significant tension will 
cause the neoanus to retract, resulting in lack of epithelial continuity 
with subsequent scarring and the need for another operation. The 
muscle anterior to the neoanus, including the perineal body, is closed 
with fine (4/0, 5/0 vicryl), absorbable suture (Figure 77.15(F)). The 
colon is placed deep to the levator muscle, and the levator approximated 
in the midline, taking a bite of the posterior colon wall also. The closure 
continues along the posterior portion of the muscle complex (sphincter 
muscle) out to the skin (Figure 77.15(G)). This closure should be 
close to the previously placed stay sutures marking the posterior limits 
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Figure 77.15: The Peña technique for posterior sagittal anorectoplasty: (A) 
posterior sagittal incision through parasagittal fibres, muscle complex, and 
levator muscle; (B) distal rectum opened longitudinally; (C) dissection of rectum 
from fistula and posterior urethra; (D) circumferential dissection of rectum; (E) 
incision of neurovascular bands; (F) closure of muscle, including perineal body, 
anterior to rectum; (G) closure of levator muscle and posterior muscle complex; 
(H) 16-suture anoplasty.

Source: ©1990, Springer-Verlag New York, Inc. From Peña A, Atlas of Surgical Management 
of Anorectal Malformations, Springer-Verlag, 1990, Figures 3.8–3.14. Reproduced with kind 
permission of Springer Science+Business Media.

of the muscle complex. Any protruding rectum is debrided, but care 
is taken to avoid excess tension on the subsequent anastomosis. A 
16-suture anoplasty is performed by suturing the full thickness of the 
colon (neoanus) to the full thickness of the skin (Figure 77.15(H)). A 
dilator is placed to be sure that the lumen has not been occluded. The 
rest of the closure is performed, including the parasagittal muscles and 
subcutaneous tissue. The skin is closed with interrupted full-thickness 
rapidly absorbing suture (gut) or with a removable running subcuticular 
suture. There is no good way to secure a dressing to the area, so it is 
either left open to the air or covered with an antibiotic ointment. 

When the rectal fistula goes into the urinary bladder instead of 
the urethra, a combined abdominal and perineal approach is utilized. 
The urethral catheter is left in situ for 5–7 days after a male PSARP, 
and the urine is cultured on its removal. If the patient is nursed prone 
postoperatively, there is less likelihood of contamination of the wound.

The most common female lesion, a rectovestibular fistula, is also 
repaired by using PSARP, as described for male lesions. Stay sutures 
are placed around the vestibular fistula site, and the rectum is carefully 
dissected from the posterior vaginal wall. This part of the dissection is 
the most difficult part of the female operation. The rest of the female 
operation is almost identical with that described above for males.

Females with a persistent cloaca defect present a very difficult 
challenge. These children should undergo initial decompression with 
a divided colostomy and a vesicostomy or vaginostomy, as needed 
to adequately provide urinary drainage. The definitive operation for 
repair of a persistent cloaca with an anorectoplasty and urogenital 
mobilization8 should be delayed until a surgeon with proper expertise 
can undertake this difficult procedure in an appropriate referral centre. 

Dilatation of the neoanus should begin 2–3 weeks postoperatively 
if the perineal wound has healed well. Ideally, plastic-graded dilators 
(commercially available for approximately US$10 each) can be 
provided for the mother to use at home. When such dilators are not 
available (the usual scenario), the mother can be taught to use her 
gloved fingers, progressing from the distal phalanx of the little finger 
to the proximal phalanx of the long finger over a few weeks. Another 
alternative is the use of an appropriately sized candle for the dilatations. 
The first dilatation should be performed by the surgeon in the clinic 
or ward. Starting with an 8-mm size, the surgeon sequentially passes 
dilators until there is slight resistance. The mother is sent home with 
this minimally snug dilators and the next larger one. She dilates the 
anus twice a day for a week and then moves to the next larger size for 
twice per day dilatations for the next week. After 2 weeks, she is seen 
in the clinic again, and the next two larger dilators are utilized for the 
next 2 weeks. When the target size (12 or 13 mm) is reached, and if 
the perineum has totally healed, the colostomy can be closed, but the 
dilatations must be continued for at least a year postoperatively.

Anorectoplasties performed by surgeons without proper expertise 
or equipment can result in a grossly misplaced anus (see Figure 
77.16(A)) and a potential lifetime of misery for the child. A secondary 
operation by a surgeon with both expertise and equipment, although 
not as successful as a primary operation, is highly recommended before 
closure of the colostomy (Figure 77.16(B)).

Bowel Management Programs
Even under the best of circumstances, some children—particularly 
those with high ARMs—suffer from constipation or faecal incontinence 
caused by encopresis (escape of liquid stool around a large, hard fae-
cal impaction). Bowel management programs have been initiated by 
hospitals in the United States to help children with these problems.9 

Figure 77.16: (A) Misplaced anorectoplasty. (B) Better placement after a 
secondary salvage operation.

Source: Meier, DE, Opportunities and improvisions--suggestions for successful short-term pediatric 
surgical volunteer work in resource-poor areas. World J Surg 2010; 34(5): fig 4. Reproduced with 
permission from Springer Science+Business Media.

The aim of these programs is to return children to normal lives at 
school in unsoiled underwear. The overriding principle behind bowel 
management is that the child learns to evacuate in a socially acceptable 
place (home) at a socially acceptable time (before or after school). The 
primary technique used to achieve continence is an enema regimen. 
The child is given enemas each night or early in the morning at home 
to completely evacuate the colon. The child can then go to school with 
confidence, knowing that there will be no stool accidents. After a suc-
cessful enema regimen has been established, an antegrade continent 
enema (ACE) operation (known also as an ACE procedure) can be 
considered.10 This procedure uses an appendicostomy as a conduit for 
administering antegrade enemas for evacuating the colon. This tech-
nique has been utilized with great success in achieving continence in 
children who were previously social recluses due to their bowel man-
agement problems.11
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6. Most ARMs are high lesions and should be treated initially with 
a sigmoid colostomy.

7. Improperly constructed colostomies can be a source of great 
morbidity for children.

8. The recommended definitive treatment for ARMs is a posterior 
sagittal anorectoplasty.

9. Even after the best of operations, children with ARMs can 
suffer from bowel management problems. A proper bowel 
management program can make a significant positive 
change in the life of a previously miserable child with faecal 
incontinence.

1. Anorectal malformations (ARMs) occur commonly and are a 
cause of significant morbidity for African children.

2. The most common ARM in males is a fistula of the rectum into 
the urinary tract (usually urethra); in females, it is a fistula into 
the vestibule of the vagina.

3. ARMs are one component of the VACTERL complex, and 
diagnostic techniques appropriate for a particular locale 
should be used to look for the other components of this 
complex.

4. The specific type of ARM is diagnosed on the basis of the 
newborn physical examination and a few technologically easy 
techniques.

5. Low lesions, which unfortunately constitute the minority of 
lesions, can be treated by a primary anoplasty without a 
colostomy.
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Polyps 
Behrouz Banieghbal

Kokila Lakhoo

Introduction 
Polyps and polypoid disorders in children, unlike those in adults, are 
relatively rare and are mostly benign. A complete understanding of 
these conditions is required for correct treatment and follow-up of these 
children. Polypoid disorder of the gastrointestinal (GI) tract include 
true polyps (juvenile and adenomatous), a variety of uncommon polyp 
syndromes, and a number of miscellaneous diseases of the intestinal 
tract that may present polypoid masses in the lumen of the intestine.

Demographics
Most reports of large series estimate that close to 1% of the population 
have polyps sometime during their childhood. Juvenile polyps are the 
most common type of lesion found in the GI tract in children, account-
ing for more than 80% of juvenile polyps. They are slightly more com-
mon in boys than in girls. The reported incidence of juvenile polyposis 
syndrome is 1:100,000. 

Other polyposis syndromes, such as Peutz-Jeghers syndrome and 
familial adenatomoid polyposis (FAP) with its many variants, are 
reported to have an incidence of 1:200,000 and 1:35,000, respectively, 
with no racial variation.1

Juvenile Polyps
Juvenile polyps are the most common type of polyp in the gastro-
intestinal tract accounting for more than 80% of polyps in children. 
The affected age group is between 2 and 5 years. Macroscopically, 
these lesions appear as beefy red and range from several millimeters 
to several centimeters in size. Microscopically, they represent benign 
harmatomas with no malignant potential (Figures 78.1 & 78.2). The 
most common presentation of these polyps is painless bleeding, which 
is caused by inflammation and mucosal ulceration of the polyp. They 
may be asymptomatic and occasionally present with abdominal pain 
(10%) or prolapse (4%) if located low in the rectum. Diagnosis is made 
through history, rectal examination, sigmoidoscopy, colonoscopy, and /
or air contrast enema. Histological examination of the polyp is vital to 
the management of the patient. 

Many polyps are located in the rectum and lower sigmoid colon and 
can be snared and removed through a flexible sigmoidoscope. Some 
of these lesions can be prolapsed through the anus and removed by 
suture ligation of the pedicle (see Figure 78.1). For higher lesions, a 
snare and cautery through a colonoscopy may be performed. It is rarely 
necessary to perform a laparotomy with colostomy for removal of a 
juvenile polyp. If more than five polyps are identified, a colonoscopic 
excision of the polyps should be performed. This latter clinical scenario 
of more than five polyps may indicate juvenile polyposis syndrome 
(see next section) and would place the child at risk for future colorectal 
malignancies. Complications after endoscopic removal of juvenile 
polyps have been rare. Perforation and subsequent bleeding from 
additional or recurrent juvenile polyps is believed to be approximately 
5%. The natural history of juvenile polyps is that they are self-limited 
and seem to disappear, presumably by auto amputation. 

Juvenile Polyposis Syndrome
Juvenile polyposis syndrome is a dominant inherited disorder that can 
present as diffuse juvenile polyposis of infancy (age 0–3 months), dif-
fuse juvenile polyposis (age 6 months–5 years) and juvenile polyposis 
coli (age 5–15 years). Diarrhoea, rectal bleeding, intussusception, 
anaemia, prolapse, and failure to thrive are common presenting signs. 
The diagnosis is made as per juvenile polyps (see preceding section), 
and the presence of more than five polyps in sporadic cases and one 
polyp in cases with a family history confirms the diagnosis. Although 
polyps in this disorder are benign, patients have a 17% risk of devel-
oping cancer (significantly less than patients with a family history of 
FAP). The average age for the diagnosis of cancer is 30 years and older. 
Additionally, gastric duodenal and pancreatic cancers have been report-
ed. In contrast to sporadic juvenile polyps, new polyps almost always 
form after a polyp is removed, and polyps continue into adulthood. 
Surveillance colonoscopy every 3 years should begin in the early teens, 
even in asymptomatic cases. Many surgeons recommend prophylactic 
colectomy and rectal mucosectomy with endorectal pull-through as the 

Figure 78.1: A prolapsed juvenile polyp prior to surgical excision in a 3-year-old girl.

Figure 78.2: Cystic hamartomatous appearance on microscopy of a juvenile polyp.
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primary treatment for the disease as soon as the diagnosis is established. 
Juvenile polyposis syndrome is a genetic disease linked to a number 

of mutations on mothers against decapentaplegic homolog 4 gene and 
SMA protein (collectively called SMAD4 on chromosome 18q21.2), 
which is a transforming growth factor intracellular protein; bone 
morphogenetic protein receptor type IA (BMPR1A on chromosome 
10p22.3), an important protein in cell differentiation; and finally 
phosphatase/tensin homolog (PTEN) oncogene, which is a tumour 
suppressor gene on chromosome 19q32.2

Peutz-Jeghers Syndrome
Peutz-Jeghers syndrome is characterized by the presence of intestinal 
polyps with mucocutaneous pigmentation of the mouth, hands, and feet 
(Figure 78.3). The relationship of mucocutaneous pigmentation to pol-
yposis is unknown; intestinal polyps are not pigmented (Figure 78.4). It 
is an autosomal dominant disease, and the polyps are classified as har-
matomas of the muscularis mucosa. The polyps are mainly located in 
the small intestine but may be found anywhere from the stomach to the 
rectum. Patients often present with cramping abdominal pain and bowel 
obstruction secondary to intussusception of a polyp. These patients 
have an increased risk of cancer with transformation of hamartomas 
into carcinomas. Whether the carcinoma develops in these polyps or 
elsewhere in the mucosa is unknown. Patients are at an increased risk 
of developing malignancies in epithelial tissues; for example, it has 
been estimated that there is an 84-, 213-, and 520-fold increased risk of 
developing colon, gastric, and small intestinal cancers, respectively. A 
further 10% of patients with Peutz-Jeghers syndrome develop ovarian, 
cervical, and testicular neoplasms.

Diagnosis is made by family history, pigmented lesions, and cramping 
abdominal pain. Current recommendations for treatment include annual 
physical examinations, full blood count, breast and pelvic examinations, 
testicular examinations with ultrasound, and pancreatic examination 
with ultrasound. Oesophagogastroduodenoscopy and colonoscopy are 
recommended annually. Polyps larger than 5 mm are removed. 

Peutz-Jeghers polyps arise from mutations in the serine/threonine 
kinase 11 (STK11/LKB1) tumour suppression gene (chromosome 
19p13.3) in 70% of patients.3 This is an important kinase protein that 
is involved with intracellular growth signals. A different and as yet 
unrecognized gene is involved in the remaining patients.

Familial Adenomatous Polyposis
Familial adenomatous polyposis is an autosomal dominant syndrome 
with a 100% risk of developing cancer. It is caused by germ-line 
mutations in the adenomatous polyposis coli (APC) gene. Presentation 
includes rectal bleeding, abdominal pain, anaemia, and/or diarrhoea. 
Diagnosis is usually made during screening of children from affected 
families and screening for the APC gene. Diagnosis is established by 
sigmoidoscopy, which reveals a colon carpeted with polyps. Polyps can 
also occur in other parts of the gastrointestinal tract.

In patients with FAP and its variants, the risk of malignancy in 
adulthood is so high that prophylactic colectomy is recommended for 
most cases (Figure 78.5). This is usually delayed until the midteen 
years.4 The surgical options include: total colectomy with mucosal 
proctectomy and the endorectal ileal-pouch anal anastomosis (IPAA); 
or subtotal colectomy and ileorectal anastomosis (IRA).

IPAA is a more extensive procedure with a higher complication 
rate but a lesser incidence of rectal cancer in the follow-up period. It is 
therefore the recommended procedure for patients with >1,000 polyps 
or if available in FAP with known genetic mutations at condons 1250–
1464. Lesser surgery such as IRA is thus reserved for “attenuated” FAP 
patients or those who have 50–100 polyps on endoscopy.5

Oral use of nonsteriodal anti-inflammatory drugs (NSAIDs, 
especially sulindac) has remained controversial, but it has been shown 
to cause regression of polyps in patients, especially if used after 
rectum-sparing surgery. Lifetime surveillance is still needed, however, 

as rectal carcinoma has been reported in these patients. The rare cases 
with MAP-type attenuated FAP can be spare surgery and instead have 
colonoscopic surveillance and regular snare polypectomies. 

Mutations within the loci of the tumour suppressor APC gene across 
the band 5q21-22 result in the multitude of clinical manifestations 
of this condition. The APC gene encodes a 2843 amino acid protein 
involved in cell adhesion and signal transduction, the failure of 
which sets the stage for epithelial tumours. Proximal APC mutations 
(i.e., proximal to codon 1249) produce a milder FAP syndrome with 
sparse polyposis, otherwise known as attenuated FAP. However, APC 
mutations between codons 1250 and 1330 present with tremendous 
degrees of polyposis (>5,000 adenomas) and intracerebral malignancy 
(Turcot syndrome), hepatoblastoma, or intraabdominal desmoid 
tumours (Gardner’s syndrome). 

FAP is an autosomal dominant disorder, and registries are in place in 
most First World countries to monitor families with this disorder, which 
account for 80% of the cases. Recently, another type of attenuated 
FAP, termed mutYH-associated-polyposis (MAP), was described in the 
remaining 20% of the cases; these cases are all attenuated FAPs that—
unlike classic FAP—are autosomal recessive in nature and not related 
to mutation on the APC gene. Rather, mutation is reported to occur on 
mutY homolog gene on chromosome 1p34.3.6 

Figure 78.3: Oral pigmentation in an adult with Puetz-Jeghers syndrome.

Figure 78.4: Duodenal polyp in a patient with Peutz-Jeghers syndrome.
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Other Syndromes
Gardner‘s syndrome is an autosomal dominant disorder described as 
the association between colonic familial adenomatous polyposis and 
multiple osteomas, fibromas, and epidermoid cysts. The natural history 
and treatment of the colonic polyps is the same as for FAP. Turcot syn-
drome is the association of colonic FAP and brain tumours. 

Pseudopolyps
Pseudopolyps consist of submucosal intestinal lymphatic tissue second-
ary to hyperplasia due to nonspecific infectious causes. Ulceration of 
these lesions may cause bleeding and anaemia. Diagnosis is confirmed 
at colonoscopy. Treatment is directed toward eradicating the underlying 
infectious process.

Differential Diagnosis
The differential diagnosis for rectal bleeding includes the common 
causes such as anal fissures, which generally can be visualized exter-
nally; and acute and chronic inflammatory bowel disease, which 
usually is accompanied by diarrhoea and blood dyscrasias, such as 
Henoch-Schönlein purpura. Bleeding from Meckel’s diverticulum, 
duplication cysts of the intestine, and terminal ileal tuberculosis is usu-
ally of greater magnitude, dark, and mixed with stool. Bleeding from 
intussusception is usually accompanied by severe cramping abdominal 
pain and bilious vomiting.

Prognosis and Outcomes
Polypoid syndromes with known genetic anomalies have significant 
carcinoma risks; in FAP, surgical strategies as described above mini-
mize these. A close follow-up is needed to detect and deal with other 
concurrent tumours with these genetic disorders. Counselling of the 
patients and their immediate relatives should be conducted.7 

Ethical Issues
All children with polyps must have an expert histological examination 
of the excised polyp. If this proves to be an adult-type adenomatous 
polyp, then long-term surveillance with colonoscopies every 2 to 3 
years is warranted. All close relatives must also undergo colonoscopies 
to exclude FAP in the family.

 Evidence-Based Research
Table 78.1 presents a review article colonic polyps in children and 
adolescents.

Figure 78.5: Colectomy specimen of a teenager with FAP.

Title Colonic polyps in children and adolescents

Authors  Durno CA

Institution The Hospital for Sick Children, Division of gastroenterology 
and Nutrition, University of Toronto, Canada

Reference Can J Gastroenterol 2007; 21(4):233–239

Problem The challenge is determining the precise risk of colorectal 
cancer in polyposis disease of childhood and adolescence.

Intervention Debate on timing and type of surgery for colonic polyps with 
malignant potential.

Comparison/
control
(quality of 
evidence)

Review article.

Outcome/
effect

Juvenile polyps are a common and benign disease.

Other polyps require genetic screening and surveillance, and 
have high degree of malignant transformation.

Table 78.1: Evidence-based research.

1. Polyps and polypoid disorders in children are mostly benign. 

2. Polypoid disorder of the GI tract includes true polyps (juvenile 
and adenomatous), a variety of uncommon polyp syndromes, 
and a number of miscellaneous diseases.

3. Juvenile polyps are benign, whereas adenomatous polyps have 
100% malignant transformation.

4. Syndromic polyposis diseases also have malignant potential.

5. Presentation may be rectal bleeding, diarrhoea, abdominal 
pain, intussusceptions, and/or bowel obstruction.

6. Diagnosis is made through history, rectal examination, 
sigmoidoscopy, colonoscopy, and/or air contrast enema. 

7. Treatment is dictated by the histology of the polyp, which 
includes simple excision or total colectomy.

8. Surveillance is highly recommended for any polyp with 
malignant potential.

Key Summary Points
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Other Anorectal Conditions 
John Chinda

Emmanuel A. Ameh
Kokila Lakhoo

Introduction
Children have a variety of anorectal problems that cause considerable 
distress to the patients and challenges to the surgeons. The presentation 
of these conditions may be age specific. Abscesses, fistulas, and fis-
sures appear more commonly in infants and young children, whereas 
hemorrhoidal diseases are more common in older children and teenag-
ers. The anorectal conditions discussed in this chapter include:
• Anorectal abscess and fistula-in-ano

• Fissure-in-ano

• Rectal prolapse

• Haemorrhoids

• Condylomata accuminatum

• Acquired rectovaginal fistula

Anorectal Abscess and Fistula-in-Ano
An anorectal abscess is essentially a “boil” of the perianal region. 
The abscess and the fistula are usually part of a continuum, the latter 
presenting as a progression of the former. Up to 85% of children with 
perianal abscess (PAA) may progress to form a fistula-in-ano (FIA).1

Demographics
Perianal abscess is relatively common in infants.2 The true incidence 
is not known, but in some large series of patients with perianal fis-
tula (adults and children),3–5 0.5% to 4.3% are children. The disease 
presents before the age of 1 year in 57%–86% of affected children,6,7 
mostly in males. 

In reports of small numbers of patients from parts of sub-Saharan 
Africa, the median age of children with PAA and FIA was 3 years, 
again mostly in boys.8

Aetiology/Pathogenesis
The aetiology in infants has been a subject of controversy. The deriva-
tion of FIA from PAA has long been accepted.9 Infection within the 
crypts of Morgagni at the dentate line gives rise to an abscess and trig-
gers an inflammatory response that may result in a fistula.

Dermal infections, especially diaper dermatitis, might be a cause of 
PAA that may not necessarily develop into FIA after drainage.10 

An androgen imbalance (androgen excess or imbalance in the 
androgen-estrogen ratio) has been incriminated as a congenital 
aetiology. This is thought to create abnormal anal glands that favour 
the formation of fistulas.6 These abnormal crypts were noted in 
continuity to the fistula in 33 consecutive patients, and opening these 
crypts reduced their recurrence. Others have disputed the crypts’ role in 
the aetiology of FIA.11 Some have described irregular thickened tissue 
at the dentate line that predisposes to cryptis by trapping bacteria,12 
whereas others have suggested that aberrant migration of the urogenital 
sinus or hindgut could give rise to fistulous tracts.13 In addition, 
entrapped migratory ectopic transitional cells have been demonstrated 
in the histology of excised fistulous tracts and have been suggested as 

the cause of the fistula,13 although inflammatory metaplasia can also 
explain the cellular ectopia. In some cases, FIA may be a complication 
of an anorectal surgery.8 
Clinical Evaluation
Perianal abscess is often a very painful swelling in the perianal region. 
There may be associated pyrexia and passage of loose stools, particu-
larly in ischiorectal and supralevator abscess. In sub-Saharan Africa, 
the abscess may burst spontaneously before presentation, and this may 
progress to rapidly developing necrotising fasciitis of the perineum.8,14

Fistula-in-ano frequently follows a spontaneously discharged or 
surgically drained PAA. 

Digital rectal examination and anoscopy should be performed. In 
PAA, severe tenderness may preclude this, and a general anaesthetic 
may be required, especially in younger patients. The internal opening 
of the fistula should be identified; the opening is usually a small area 
of heaped up granulation tissue with pus in the punctate opening, often 
located at the dentate line. The tract is a cord-like structure leading to 
the anal sphincter.

Duhamel noted that FIA in infants and children have certain 
characteristics that seem to separate them from adult cases.7 The 
characteristics of FIA in children can be summarized as follows:
• FIA mostly occurs in males.

• FIA mostly occurs in infants <1 year of age.

• All fistulas appear to be contiguous with the closest crypt.

• Multiple but separate tracts are fairly frequent (17–20%).

• Complex ramifying tracts are rare.

• Recurrence is not uncommon.

Investigations 
Microbiology and serology
Any discharging fluid or pus should be cultured and antibiotic sensitiv-
ity obtained. Staining for acid-fast bacilli is necessary if tuberculosis 
(TB) is suspected in FIA.

Human immunodeficiency virus (HIV) serology should be done in 
cases that are recurrent or difficult to treat, after appropriate counselling.

Haematological
A complete blood count should be done. In PAA, leucocytosis is usu-
ally present.

Biochemical
If diabetes mellitus is suspected as an underlying condition, this should 
be ascertained by doing a urine and blood sugar assay.

Histopathology
Any tissue obtained at surgical treatment should be subjected to histo-
pathology, particularly in the African setting, to exclude chronic granu-
lomatous disease, including tuberculosis.
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Radiology
If TB is suspected, a chest radiograph should be done to identify any 
evidence of the disease.
Management 
General measures
Appropriate broad-spectrum antibiotics, effective against gram-neg-
ative enteric bacilli, gram-positives, and anaerobes is given. In early 
stages of PAA, this may be enough to control the infection and prevent 
progression.

Analgesics are given in PAA after establishing a diagnosis, as the 
condition is quite painful.

Specific measures
• PAA. Once an abscess is fully formed, adequate incision and drain-
age is done under general anaesthetic. It is important that appropriate 
antibiotics be started before the abscess drainage to prevent dissemi-
nation of the infection, which may cause portal pyaemia. Following 
drainage, the abscess cavity is lightly packed with gauze soaked in 
EUSOL (Edinburgh University solution) or native honey. The cav-
ity is cleaned and lightly packed daily to allow gradual filling of the 
cavity by granulation tissue.

• FIA. The use of appropriate antibiotics and a sitz bath is done initial-
ly to control infection. Most FIA in children is of the intershincteric 
type, and the aim of treatment is to completely lay open the fistulous 
tract. The definitive treatment of these fistulas is fistulotomy or 
fistulectomy.1 If the corresponding anal crypt can be identified, it 
should be included in the fistulotomy or fistulectomy. If fistulotomy 
is done, a biopsy is taken from the tract and sent for histopathology. 
Following fistulectomy, the entire specimen is sent for histopathol-
ogy. Any primary underlying condition, such as tuberculosis and 
immunosuppresion, should be appropriately treated.

Outcome
After incision and drainage or spontaneous drainage of PAA, up to 35% 
develop a FIA. Following fistulotomy or fistulectomy for FIA, a recur-
rence rate of up to 68% has been reported.1,15–17 Figures 79.1 and 79.2 
illustrate the result in one large series.1 Most recurrences follow shortly 
after treatment, and late recurrences are uncommon.1 In a few instances, 
poor healing may result in perianal scarring, which may interfere with 
proper cleaning. Although some mild faecal soilage may occur initially, 
this would usually resolve and rarely causes any functional problems. 

Fissure-in-Ano
Anal fissure (AF) is a tear in the anal mucosa that extends distally from 
the dentate line to the anal verge. With each bowel movement, the anal 
mucosa is stretched and the fissure reopened. Most acute fissures heal 
spontaneously within a few weeks, but some become chronic. AF is a 
common cause of haematochezia and anal pain in children.
Aetiology/Pathogenesis
The aetiology for anal fissure is still largely obscure. Initial trauma 
occurs with subsequent failure of healing. This initial trauma is usu-
ally caused by hard stools following constipation, although diarrhea 
can also be associated with the condition. Other diseases, such as HIV 
infections and Crohn’s disease, or previous surgery can also be respon-
sible. Repeated sexual abuse17 (Figure 79.3) can also cause AF.

Fear of painful defaecation may lead to faecal retention and rectal 
distention, resulting in decreased rectal sensation. This may result 
in frequent bulky and hard stools that prevent healing of the fissure, 
creating a vicious circle.18 The failure of healing can also be attributed 
to ischemia, which usually results from intense associated muscle 
spasm and sphincteric hypertonicity.19

Clinical Evaluation 
The classic presentation of AF is that of a child crying with each bowel 
motion and the presence of bright red blood streaks in stools. The pre-

sentation is often associated with constipation.
Firm faecal masses may be palpated on the left side at abdominal 

examination, usually the result of faecal retention from the severe anal pain.
The diagnosis is made on anal inspection. AF is usually identified as 

a posterior midline longitudinal mucosal tear distal to the dentate, but it 
may be found anywhere along the anal circumference. Chronic fissures 
can be associated with a finding of hypertrophied anal papillae, sentinel 
tags, polyps, or haemorrhoids. 

 
Figure 79.1: Results of incision and drainage of 26 PAA cases in children.

Figure 79.2: Results of treatment of 47 FIA cases in children. 

Figure 79.3: Fissure-in-ano resulting from repeated anal sexual abuse in a boy.
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The fissures from chronic anal sexual abuse may be multiple, and 
the anus may appear rather patulous.

Digital rectal examination is best avoided, as this may produce 
severe pain.
Management 
The goal of treatment for anal fissure is to relieve pain, aid normal 
defaecation, and achieve and maintain healing of the fissure. The 
majority of anal fissures will heal on medical treatment, but surgery 
may be needed if medical measures fail. 

Medical treatment
Control of pain helps to relieve sphincter spasm and encourage defaeca-
tion. Oral analgesics can achieve this. If the pain is acutely severe, topi-
cal analgesics/anaesthetics using lignocaine gel (or another appropriate 
topical agent) help to produce quick relief of pain.  

To aid normal defaecation, treatment should include the following 
measures:
• Encourage a high-fibre diet to help avoid constipation and the forma-
tion of hard stools.

• The use of stool softeners in addition to analgesia helps to establish 
normal defaecation and interrupts the vicious process created by fis-
sure and hard stools. 

• The use of topical 0.2% glyceryl trinitrate cream has been found to 
be effective in healing fissures in children.20,21 However, one random-
ized control study concluded that topical 0.2% glyceryl-trinitrate 
paste is not beneficial in relieving pain in acute fissures.22

• Injection of botulinum toxin into the internal anal sphincters has been 
used to reduce internal sphincter spasm. This enhances defaecation 
as well as relieving pain.
With medical treatment, most fissures should heal. In a minority 

of patients, medical treatment may fail and surgical measures may 
become necessary.

Surgical treatments
Anal dilatation under general anaesthetic helps to interrupt sphincter 
spasm. This would aid defaecation and allow the fissure to heal. Anal 
dilatation should be combined with medical measures to achieve maxi-
mal benefits. Anal dilatation should be used with caution in children, 
however, as overenthusiastic dilatation may result in faecal incontinence.

Lateral internal anal sphincterotomy23,24 is a surgical disruption of 
the internal anal sphincter aimed at relieving spasm and enhancing 
defaecation. It produces symptom relief in up to 98% of patients.23 
After sphincterotomy, the fissure usually heals in about 10–14 days. 
Continue medical measures for about 2 weeks after fissure healing to 
avoid recurrence.

Fissurectomy entails complete excision of the fissure, and should 
be reserved for the occasional nonhealing fissure or those with 
troublesome recurrence.

Rectal Prolapse 
Rectal prolapse is a relatively common, self-limiting condition in chil-
dren between 1 and 3 years of age.
Aetiology
Rectal prolapse occurs frequently as a result of diarrheal illness, consti-
pation, weight loss or malnutrition, recurrent straining, and prolonged 
sitting on the toilet (usually due to tenesmus from parasitic infesta-
tion). Commonly implicated parasites include Enterobius vermicularis, 
Trichuris trichuria, and Entamoeba histolytica.

Pathology
Dilatation of the levator mechanism results in herniation of the rectum, 
causing prolapse. Due to persistent straining, the pelvic peritoneum is 
stretched and so are the suspensory vessels and adjacent structures, 

resulting in a prolapse. Other contributing factors are a short, straight 
sacrum and a redundant sigmoid colon.

In some congenital conditions, such as bladder exstrophy and 
myelomeningocele, rectal prolapse is one of the symptoms and is the 
result of true weakness of rectal supports. Nonoperative management is 
rarely successful in these situations.
Evaluation
Diagnosis is usually based on a history of a protruding mass and dis-
comfort in the anus during defaecation, which either reduces sponta-
neously or is returned manually. The rosette rectal mucosa is usually 
noted. This can be differentiated from intussusception by insinuating 
a finger in the sulcus between the mass and perianal skin; the sulcus 
is endless in the latter, but blind-ended in the former (Figure 79.4). 
Confusing a rectal prolapse with intussusception is known to cause 
delays in referral for intussusceptions in parts of sub-Saharan Africa.25 

Rectal examination is indicated to exclude polyps and lead points.

Stool microscopy
Microscopic examination of the stool is necessary to identify any para-
site ova or trophozoites of Entamoeba hystolytica.

Barium enema
In recurrent cases, a barium enema may be needed to exclude other 
rectal pathology as well as elongated and redundant rectum.

Colonoscopy
Colonoscopy is helpful in difficult recurrent cases to help identify any 
rectal pathology that may be preventing resolution of the prolapse.
Management 
Nonoperative treatment
In most cases, the condition is self-limiting, so nonoperative treatment 
should be employed at the outset. This consists of prompt reduction of 
the prolapse and teaching the parents how to reduce it. This reduction 
should be done each time the rectum prolapses.

The cause of any diarrhoea or constipation should be treated. 
Anhelminthics should be given for parasites identified at stool microscopy.

Nutritional rehabilitation should be instituted for those who are 
malnourished.

In symptomatic prolapse, the treatment should be nonoperative. 
In exstrophy, the prolapse usually disappears after correction of the 
primary cause. In myelomeningocele, the success of treatment depends 
on the severity of the condition.

Operative treatment
Surgery is indicated in cases with intractable prolapse after 6 months of 
nonoperative management. 

Figure 79.4: Differentiating between rectal prolapse and intussusceptions 
protruding through the anus (note the extent of insinuated finger into the sulcus 
between bowel loop and anal wall).
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Title HIV positive African children with rectal fistulae

Authors Wiersma R

Institution Department of Paediatric Surgery, Nelson R. Mandela School 
of Medicine, University of Natal, Durban, South Africa

Reference J Pediatr Surg 2003; 38:62–64

Problem Occurrence and treatment of HIV-related rectal fistulae in children.

Intervention Fistula closure/repair.

Comparison/
control
(quality of 
evidence)

A 6-year (1996 through 2001) retrospective study found 39 
children presenting with HIV-related rectal fistulae. Thirty-seven 
girls were seen with rectovaginal fistulae (RVF), and supportive 
documentation shows an increase in this condition throughout 
Southern Africa. Until now, boys have not been described with 
this condition. Two boys who complete this spectrum of HIV-
related acquired rectal fistulae are presented. 

Outcome/
effect

All patients were found to have rectal fistulae at the dentate 
line. In girls, they varied in size from pinpoint to 5 mm in 
diameter, tracking anteriorly into the vagina. When closure 
of the fistula was attempted, it broke down. The two boys 
had large fistulae, which tracked to the prostatic urethra on 
the right of the verumontanum. The first patient underwent a 
successful repair. The second patient had a Y-shaped fistula 
based at the dentate line, with the second limb passing into 
the bladder. The parents refused further treatment and took 
the child home.

Historical 
significance/
comments

HIV disease affects increasing numbers of children. A 
spectrum of rectal fistulae now has been seen in both girls 
and boys. These acquired rectal fistulae arise at the dentate 
line in both genders. Girls with these fistulae are seen more 
commonly, presenting with RVF. The closure of a fistula has 
been successful in only one boy. 

Table 79.1: Evidence-based research.

A Thiersch suture may be applied to keep the prolapse reduced while 
treating the precipitating cause.

More radical surgical options include excision of redundant rectal 
mucosa and plication of the rectum. More extensive procedures, such 
as rectopexy, are rarely required and should be reserved for troublesome 
recurrent cases.

Occasionally, the prolapsed rectum undergoes dessication, ulceration, 
and may become infected. A few may develop necrosis of the prolapsed 
rectum (Figure 79.5). These complications put the patient at risk of 
pyelephlebitis. The patient should be quickly resuscitated and any 
gangreneous or compromised rectum resected transanally. If the rectum 
is only infected or ulcerated, control of infection and nonoperative 
measures are usually successful.

Figure 79.5: Rectal prolapse with oedema, ulceration, and necrosis in a 2-year-
old boy following acute diarrhea.

Pathologically, the fistula is usually located at the dentate line. There 
is nonspecific inflammatory ulceration and acute chronic procititis.27 
One postmortem examination of the fistula edge showed a nonspecific 
ulcer.31 Cytomegalovirus (CMV) has been noted in the rectal mucosa in 
a small minority of patients.27

Management 
In patients not already known to have HIV infection, the serum should 
be tested for HIV to confirm diagnosis. In boys, a voiding cystourethro-
gram is helpful in identifying the urethral site of the fistula.

The main focus of initial treatment should be the administration of 
appropriate antiretroviral drugs. Appropriate antibiotics should be given 
if there are superimposed infections, and the nutritional status of the 
child should be significantly improved. 

Once the CD4 count has improved to adequate levels, the fistula 
can be excised and the wound repaired, preferably under a protective 
diversion colostomy.

Initial surgical excision of the fistula should be avoided as much as 
possible because wound healing is not so good in these patients, and 
such wounds would break down with recurrence of the fistula.

Condylomata Accuminatum
Condylomata acuminatum (CA) is an infection caused by the human 
papillomavirus. It is normally a sexually transmitted disease in adults, 
but may occasionally be found in children of affected mothers. Sexual 
abuse should always be excluded.32,33

CA presents as a warty or verrucous growth in the perineal and 
anal region. It may be only a few growths, but it could be extensive. 
Diagnosis is confirmed at the histology of the biopsied growth.

The treatment may be medical, using such local agents as podophyllin, but 
this needs to be applied for several weeks, and recurrence may be a problem.

Fulguration or surgical excision is effective. Cryosurgery has also 
been found to be effective.

Evidence-Based Research
Table 79.1 presents evidence-based research for HIV-positive African 
children with rectal fistulas.

Outcome
Rectal prolapse is usually self-limiting in a vast majority of patients and 
should resolve after appropriate treatment of the precipitating cause. 
Even in those requiring surgery, recurrence is unusual.

Haemorrhoids
Haemorrhoids are an uncommon condition in the paediatric popula-
tion. Aetiology is mainly related to other conditions such as portal 
hypertension or cystic fibrosis and rarely is a result of straining at 
stool. Presentation includes painless bleeding and perianal pruritus. On 
examination, bluish discoloration or a prolapsed haemorrhoid may be 
noticed in the perianal area. Treatment is mainly conservative with local 
hygiene and cold packs. If conservative management fails, injection 
schlerotherapy with phenol in almond oil is a safe option in children.

Acquired Rectal Fistula 
With the surge of HIV infection especially in sub-Saharan Africa, 
acquired rectal fistula has become one of the commonest surgical 
pathologies seen among children with HIV.26–30 It is more common in 
girls,27 but boys can also be affected.
Aetiology/Pathogensis
The pathophysiology of acquired rectal fistulas is largely unknown. 
Such fistulas have been noted to arise from the dentate line, and anal 
gland infections are proposed as the initiating factors.28 There is, how-
ever, a recognized clinical pattern in these patients, in which HIV-related 
rectal fistula follows a diarrhea infection, and crypt abscess and fistula-
tion into the vagina in girls and the urethra in boys. However, the exact 
mechanism of this process remains unknown. 
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1. Noncongenital anorectal conditions affect children and are 
commonly infective in nature.

2. Some rectal fistula diseases may be the result of sexual 
abuse, and these children should be evaluated for abuse when 
relevant.

3. Rectal fistula is now a common presentation in HIV-infected 
children, and HIV infection should be excluded in children 
presenting with noncongenital rectal fistula.

4. Most of these anorectal conditions can be treated by simple 
measures, and several are self-limiting.

5. Radical or extensive surgical treatment should be avoided as 
much as possible, except in difficult recurrent cases.

Key Summary Points
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Introduction
Neonatal cholestasis is defined as prolonged elevation of serum levels 
of conjugated bilirubin beyond the first 14 days of life. Neonatal hyper-
bilirubinaemia is usually physiologic, unconjugated, and self-limited. 
Only 2–15% of neonates remain jaundiced past 2 weeks of life, and just 
0.2–0.4% have cholestatic jaundice from either intrahepatic cholestasis 
or structural abnormalities that cause biliary obstruction. Intrahepatic 
cholestasis may result from numerous infectious or inflammatory causes, 
as well as from inherited metabolic defects. The major structural diseases 
include biliary atresia and choledochal cyst. A variable element of hepato-
cellular dysfunction is common to all of these, thus rendering initial dis-
crimination between medical and surgical cholestatic disease challenging.

Obstructive jaundice in infancy presents a surgical challenge, 
not only because of the difficulty in differentiating those cases that 
are amenable to surgical correction from those that are not, but also 
because of the desire to improve the persistently low salvage rate 
obtained even for correctable cases. Only if surgery is undertaken 
before 3 months of age, and preferably by 2 months of age, can the 
ravages caused by prolonged obstruction—namely, cirrhosis, portal 
hypertension, liver failure, and death—be prevented. Survival of 
patients whose obstruction is surgically relieved after 3 months of age 
is rare, and when they do survive, many of them (even those operated 
on before this time) have a severe morbidity or even mortality caused 
by cirrhosis and, later, portal hypertension. Thus there is only a short 
time between the appearance of the jaundice (usually between the ages 
of 4 and 6 weeks) and the optimal time for surgical intervention.

Aetiology/Pathophysiology
Biliary atresia is the most common cause of obstructive jaundice 
requiring operation in children, followed by choledochal cyst, choleli-
thiasis, and spontaneous perforation of the bile ducts. Other causes of 
obstructive jaundice in infants are infantile obstructive cholangiopathy 
(biliary hypoplasia or hepatitis syndrome of infants), inspissated bile 
syndrome, extrinsic compression of the bile duct (e.g., pressure from 
huge intraabdominal masses), and cholestasis associated with intrave-
nous feeding and gallstones in older children (Table 80.1).

Several hypotheses have attempt to explain the aetiology/
pathophysiology of obstructive jaundice in the newborn infant. Biliary 
atresia and choledochal cyst belong to the same spectrum; they result 
from a single inflammatory process, probably viral, which leads to 
progressive destruction of liver parenchymal cells and desquamation 
of the epithelial lining of incompletely formed extrahepatic ducts late 
in gestation. Some of the other hypotheses include ischaemic or toxic 
injury in case of biliary atresia; abnormally long union of the pancreatic 
and common bile ducts (which permits the reflux of pancreatic 
secretions in the biliary tree, inducing inflammatory reactions that 
lead to progressive destruction, obliteration, or local weakening of the 
ductal walls); and a fault of ductal embryogenesis resulting from failure 
of the extrahepatic biliary system to develop patency. 

At the moment, all of the proposed aetiological factors remain 
speculative because none of them fully explains the associated 

Disease Causes

Obstructive cholestasis Biliary atresia
Choledochal cyst
Gallstones or biliary sludge
Alagille syndrome
Inspissated bile
Cystic fibrosis
Neonatal sclerosing cholangitis
Congenital hepatic fibrosis/Caroli’s disease

Hepatocellular 
cholestasis

Idiopathic neonatal hepatitis
Viral infection
Cytomegalovirus
Human immunodeficiency virus (HIV)

Bacterial infection Urinary tract infection
Sepsis
Syphilis

Genetic/metabolic 
disorders

α1-antitrypsin deficiency
Tyrosinaemia
Galactosaemia
Hypothyroidism
Progressive familial intrahepatic cholestasis (PFIC)
Cystic fibrosis
Panhypopituitarism

Toxic/secondary Parenteral nutrition–associated cholestasis

Table 80.1: Most likely causes of cholestasis in infants younger than 2 months 
of age

polysplenia syndrome, the frequent postnatal onset of jaundice and 
pale-coloured stools, and the discordance in twins.

Evaluation
The evaluation of the infant with jaundice should follow a logical, 

cost-effective sequence in a multistep process. Although cholestasis 
in the neonate may be the initial manifestation of numerous disorders, 
the clinical manifestations are usually similar and provide very few 
clues about aetiology. Affected infants have icterus, dark urine, light 
or acholic stools, and hepatomegaly, all resulting from decreased bile 
flow due to either hepatocyte injury or bile duct obstruction. Hepatic 
synthetic dysfunction may lead to hypoprothrombinaemia and a 
bleeding disorder. Therefore, administration of vitamin K should be the 
initial treatment of cholestatic infants to prevent haemorrhage.

Most newborn infants whose jaundice is of medical origin tend to 
be of low birth weight, and most often the jaundice is present at birth. 
This contrasts with jaundice caused by biliary atresia in the well-fed, 
healthy-looking newborn, who may have had normal stools at birth 
with minimal jaundice, but in whom jaundice usually becomes apparent 
in the first few days and certainly within the first 4 weeks after birth. 
Most infants with choledochal cyst present with mild intermittent 
jaundice, which might have been taken for granted for months or years. 
One-third of patients present with a classic triad of abdominal pain, 
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techniques are used. In small infants, cholecystotomy and irrigation 
may be successful. An initial short period of observation may be 
worthwhile if the infant is well without evidence of sepsis or 
progressive obstruction because some stones will pass spontaneously.
Idiopathic Perforation of Extrahepatic Bile Ducts
Spontaneous perforation of the extrahepatic bile ducts should always 
be considered in a young infant who develops obstructive jaundice 
after an initial period of good health or who presents with progressive 
ascites. The majority of infants present subacutely within 3 months of 
birth with mild, fluctuating, obstructive jaundice and slowly progres-
sive biliary ascites. An acute presentation with abdominal distention 
and tenderness is rare.

The typical site of bile duct perforation is at the junction of the cystic 
and common bile ducts. The cause is unknown, but biliary obstruction 
from inspissated bile in the distal common bile duct or from ampullary 
stenosis may account for some cases. The differential diagnosis 
includes bile duct perforation secondary to trauma, choledochal cyst, 
or necrotising enterocolitis.

Abdominal US may show a complex loculated collection of bile 
around the common bile duct (which may be mistaken for a choledochal 
cyst) and within the lesser sac and/or generalized ascites. A hepatobiliary 
radionuclide scan confirms intraabdominal extravasation of bile.

Operative cholangiography via the gallbladder will confirm the site 
of perforation and assess the patency of the common bile duct. Definitive 
treatment is dictated by the findings. Cholecystectomy is sufficient 
for rare instances of cystic duct perforation, but for the usual site of 
perforation, tube cholecystostomy and simple drainage are appropriate 
if there is free flow of contrast into the duodenum. If there is distal 
common bile duct obstruction, catheter irrigation may clear inspissated 
bile, but drainage should be combined with cholecystostomy. If a distal 
bile duct stricture is demonstrated, hepaticojejunostomy is indicated.
Inspissated Bile Syndrome
Inspissated bile within the distal common bile duct may cause obstruc-
tive jaundice in newborns. It can be due to haemolysis, diuretic therapy, 
parenteral nutrition, prematurity, or cystic fibrosis. Inspissated bile 
plug syndrome may be difficult to distinguish from biliary atresia. In 
both conditions, there may be jaundice and acholic stools, conjugated 
hyperbilirubinaemia, and no biliary excretion on a radionuclide scan. 
However, US usually reveals dilated proximal bile ducts and inspis-
sated bile.

Spontaneous resolution may occur. Treatment with ursodeoxycholic 
acid may help. More persistent obstruction can be cleared by 
percutaneous, transhepatic irrigation of the bile ducts, ERCP and 
retrograde irrigation, or cholecystectomy and bile duct irrigation. 
Occasionally, transduodenal sphincteroplasty may be required to 
remove an impacted mass of material or stones.
Biliary Hypoplasia
Biliary hypoplasia is a unique classification within the cholestatic spec-
trum. The liver histology is characterized by a paucity of intrahepatic 
ducts (i.e., a significantly decreased ratio of the number of interlobular 
bile ducts to the number of portal tracts). Biliary hypoplasia is best 
regarded as a condition secondary to decreased bile flow from the 
liver rather than a primary structural abnormality of the ducts. Biliary 
hypoplasia is either syndromic (Alagille syndrome) or nonsyndromic. 

Alagille syndrome
Alagille syndrome is a genetic disorder that affects the liver, heart, 
and other systems of the body. Problems associated with the disorder 
generally become evident in infancy or early childhood. The disorder 
is inherited in an autosomal dominant pattern, and its estimated preva-
lence is 1 in every 100,000 live births. The severity of the disorder can 
vary within the same family, with symptoms ranging from being so 
mild as to go unnoticed to severe heart and/or liver disease requiring 

jaundice, and abdominal mass, primarily in older children. Other early 
manifestations are pancreatitis and cholangitis. 

The initial step in identification of cholestasis is the finding that 
more than 20% of the hyperbilirubinaemia is conjugated bilirubin. The 
next step is to recognize conditions that cause cholestasis and for which 
specific therapy is available to prevent further damage and avoid long-
term complications such as sepsis, an endocrinopathy (hypothyroidism 
or panhypopituitarism), nutritional hepatotoxicity caused by a specific 
metabolic illness (galactosaemia), or other metabolic diseases (e.g., 
tyrosinaemia).

Hepatobiliary disease may be the initial manifestation of 
homozygous α1-antitrypsin deficiency or of cystic fibrosis. Neonatal 
liver disease may also be associated with congenital syphilis and 
specific viral infections, notably echo virus and herpes viruses, 
including cytomegalovirus (CMV). The hepatitis viruses (A, B, C) 
rarely cause neonatal cholestasis. The final step in evaluating neonates 
with cholestasis is to differentiate extrahepatic biliary atresia from 
neonatal hepatitis.

Urgent diagnosis must be accomplished by radiologic examination 
of the extrahepatic biliary system because the assistance from the 
laboratory data is inconclusive. The value of ultrasonography (US) as 
a rapid, safe, noninvasive means of evaluating the jaundiced infant has 
been enhanced by the development of high-resolution real-time imaging. 

The distinction between jaundice of parenchymal origin and biliary 
atresia or choldedochal cyst can be accomplished by hepatobiliary 
imaging by using technetium-99m iminodiacetic acid (IDA). If the 
nucleotide uptake by the hepatocytes is rapid but excretion into the 
bowel is absent (even on delayed films), the jaundice is most likely to 
be due to biliary atresia; when the uptake is delayed by the diseased 
hepatocytes with poor or nonexcretion into the intestine, the jaundice is 
likely to be of hepatocellular (parenchymal) origin. 

Operative cholangiography is preferred because it helps in proper 
surgical management decisions, but one-fifth of the interpretations 
of the cholangiographic films have suggested a diagnosis ultimately 
found to be incorrect. Other imaging approaches, such as computed 
tomography (CT), endoscopic retrograde cholangiopancreatography 
(ERCP), and magnetic resonance cholangiopancreatogram (MRCP), 
are also useful studies that can contribute to the diagnosis. 

Liver biopsy, either percutaneous or open, is both safe and useful 
as a diagnostic modality. In approximately one-third of the specimens 
obtained by either method, the histological findings are not clear-cut, so 
further evaluation is necessary; for example, α1-antitrypsin deficiency 
can be definitely differentiated from biliary atresia only by determining 
the α1-antitrypsin level. A combination of open biopsy (with a guaranteed 
adequacy of size of specimen) and operative cholangiography is 
recommended as the ideal approach to the obstructed child.
Choledocholithiasis
Common bile duct stones are rare, but are relatively more frequent 
in infants and children with sickle cell disease. Obstructive jaundice, 
cholangitis, and/or pancreatitis are typical presenting features in symp-
tomatic cases. Although US (conventional or endoscopic), MRCP, and 
CT may be helpful in diagnosis, ERCP offers the possibility of both 
diagnosis and treatment. ERCP and sphincterotomy with stone retrieval 
can be performed before or after laparoscopic cholecystectomy. Early 
ERCP is recommended for common duct stones associated with 
obstructive jaundice (bilirubin >100 µmol/L) and/or cholangitis, but not 
for most cases of gallstone pancreatitis because the stone usually passes 
spontaneously. Laparoscopic cholecystectomy with intraoperative chol-
angiography is usually undertaken a few weeks after the episode of 
gallstone pancreatitis.

Choledocholithiasis can be treated by open exploration of the 
common bile duct; laparoscopic common duct exploration; or ERCP, 
sphincterotomy, and stone extraction. In some centers, percutaneous 
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Title A comparative study of EUS versus ERCP in children with 
chronic liver disease (CLD)

Authors El-Karaksy HM, El-Koofy NM, Okasha H, Kamal NM, Naga M

Institution Department of Pediatrics and Department of Internal 
Medicine, Cairo University, Cairo, Egypt

Reference Ind J Med Sci 2008; 62:345–351

Problem The primary aim is to evaluate the role of EUS in comparison 
to ERCP in the pancreatico-biliary assessment of children with 
CLD. The secondary aim is to compare the findings obtained 
by EUS with those obtained by conventional abdominal 
ultrasound.

Intervention Children with sonographic or histopathological evidence of 
biliary pathology, autoimmune hepatitis, cryptogenic CLD, and 
neonatal cholestasis underwent EUS and ERCP.

Comparison/
control
(quality of 
evidence)

A descriptive comparative study carried out on 40 children 
older than 4 years of age suffering from CLD. All patients were 
subjected to EUS, ERCP, and abdominal ultrasound.

Outcome/
effect

EUS was equal to ERCP in diagnosis of biliary pathology. 
However, one false positive case was described to have 
dilatation and tortuosity of the pancreatic duct by EUS as 
compared to ERCP. EUS could detect early pancreatitis in five 
cases. One case with cryptogenic liver disease proved to have 
sclerosing cholangitis diagnosed by both EUS and ERCP.

Historical 
significance/ 
comments

In this study, EUS proved to be superior in detecting the cause 
of common bile duct (CBD) dilatation in patients in whom US 
could not demonstrate the cause of dilatation or in whom US 
revealed equivocal results. EUS was superior to ERCP in 
diagnosing chronic pancreatitis. In addition, negative cases 
should not be subjected to further evaluation by ERCP. ERCP 
should be performed if pancreatic duct pathology needs further 
assessment or if intervention is planned. More studies are 
needed to justify accurately the role of EUS in children with 
CLD and to highlight the feasibility of its usage for young ages.

transplantation. Signs and symptoms arise from liver damage, cho-
lestasis, and deposits of cholesterol in the skin xanthomas. Other signs 
of Alagille syndrome include congenital heart problems, tetralogy of 
Fallot, and vertebral arch defects with failure of anterior vertebral arch 
fusion (butterfly vertebrae). Many people with Alagille syndrome have 
similar facial features, including a broad prominent forehead; deep-set, 
widely spaced eyes; a long straight nose; and a small pointed chin with 
underdeveloped mandible. The kidneys and central nervous system 
may also be affected.

Nonsyndromic biliary hypoplasia
Nonsyndromic patients may initially be confused with those who have 
biliary atresia. Differentiation is crucial because transplantation is the 
only appropriate therapy for the end-stage liver disease in biliary hypo-
plasia. Percutaneous liver biopsy samples from affected infants lack the 
hepatic fibrosis and ductal proliferation characteristic of biliary atresia. 
The liver is smooth and often chocolate brown. Cholangiography 
demonstrates a diminutive biliary tree. Outcomes range from clinical 
improvement with resolution of cholestasis to end-stage liver disease 
with progressive cirrhosis.

Evidence-Based Research
Endoscopic ultrasonography (EUS) is a major advance in gastrointes-
tinal imaging. It is used to image suspected pathology in the gastroin-
testinal tract and in the adjacent organs. It is a less invasive modality 
and may be equal or superior to ERCP in visualising the biliary tree. 
Its diagnostic accuracy in the evaluation of pancreatico-biliary diseases 
exceeds 90%. Its role and feasibility in children need to be accurately 
defined. Table 80.2 presents a study comparing EUS and ERCP in chil-
dren with chronic liver disease.

Table 80.2: Evidence-based surgery.

1. Neonatal cholestasis is a prolonged elevation of serum levels of 
conjugated bilirubin beyond the first 14 days of life.

2. From 0.2% to 0.4% of neonates have cholestatic jaundice from 
either intrahepatic cholestasis or structural abnormalities that 
cause biliary obstruction.

3. Obstructive jaundice in infancy presents a surgical challenge; 
differentiation and surgical correction should be done by the 
age of 2 months.

4. Biliary atresia is the most common cause of obstructive 
jaundice requiring operation in children.

5. Evaluation of the jaundiced infant should follow a logical, cost-
effective sequence in a multistep process.

Key Summary Points
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Figure 81.1: Illustration of common types of biliary atresia: (A) complete 
extrahepatic biliary obliteration (most common, affecting about 80%); (B) 
proximal obliteration, distal patency; and (C) common hepatic duct cystic 
dilatation with portal and distal common bile duct obliteration.

Source:  Karrer FM, Pence JC. Biliary atresia and choledochal cyst. In: Ziegler MM, ed. 
Operative Pediatric Surgery. McGraw-Hill, 2003. Reproduced with permission from the McGraw-
Hill Companies.
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Introduction
Biliary atresia (BA) is a neonatal disease characterised by the inflamma-
tory and sclerotic obliteration of part or all of the extrahepatic biliary tree, 
with varying involvement of the intrahepatic bile ducts. Although seen in 
only a small percentage of jaundiced neonates, this disorder is one of the 
more common structural causes of neonatal cholestatic jaundice. 

If left untreated, biliary atresia is almost uniformly fatal. Hepatic 
failure, infection, or bleeding secondary to portal hypertension causes 
death by the age of 1 to 2 years in the vast majority of patients.1,2 In the 
current era, despite the diagnostic difficulties and technical challenges 
that BA poses, early recognition and the proper performance of a Kasai 
portoenterostomy procedure can be life saving. When available, liver 
transplantation can serve as the ultimate therapy for those who have 
end-stage disease.

Demographics
Based mostly on Western series, the incidence of biliary atresia is 
between 1:8,000 and 1:17,000 live births, with an overall female pre-
ponderance of up to 1.7:1.3 In most of Africa, incidence data are not 
available, but individual institutional reports suggest that up to five 
children with this disorder are encountered yearly in many centres.4–6 
Therefore, although cholestasis secondary to infectious causes is more 
common, BA is encountered fairly frequently in Africa.4,7,8 No specific 
genetic factors are associated with the disease, but associated congeni-
tal malformations occur in 11–20% of the cases.3 The most commonly 
associated anomaly is polysplenia; other associated anomalies include 
intestinal atresias, abdominal situs inversus, malrotation, and genitouri-
nary and cardiac anomalies. 

Aetiology/Pathology and Classification
Many aetiologies for the disease have been proposed, including genetic 
factors, congenital developmental causes such as a failure of recanalisa-
tion or antenatal ischaemia, and viral or other infectious causes. None 
have been proven, however, and the pathogenesis remains unknown. 
Because two groups of patients are affected—those with other con-
genital anomalies and those with a late foetal or perinatal anomaly that 
appears to occur in isolation—there may in fact be an interplay of these 
various aetiologies in the development of BA in any individual patient. 

Microscopic examination of the biliary system reveals fibrosis 
of the ductules with varying degrees of inflammation. Early in the 
disease, bile duct proliferation, biliary plugs, and mild portal fibrosis 
are present. Later in the disease, this fibrosis extends intrahepatically 
and will manifest as bridging fibrosis of the biliary structures.

Classification of biliary atresia is generally based upon the 
macroscopic location of the fibrotic biliary cord remnants (Figure 81.1). 
The most common type is complete fibrosis of the entire extrahepatic 
biliary system, seen in up to 70–80% of cases. Gallbladder and common 
bile duct patency with obliteration of the porta and hepatic duct is the 
next most frequent (12–20%). Absence of portions of the biliary system 
with fibrosis of the remaining portions as well as distal fibrosis with 
proximal hilar cyst variants can also be seen. Macroscopically, these 

mucus-containing cyst variants can be confused for a fibrotic hilar 
cone or for a choledochal cyst. As these cysts do not communicate 
with the biliary tree, all such structures need to be resected. Failure to 
recognise this variant can lead to a nonfunctional anastamosis with the 
sequestered cyst.3

Clinical Presentation
Most children with biliary atresia appear normal at birth but become 
increasingly jaundiced after 3 to 6 weeks of age. Additionally, in those 
children with physiologic jaundice from birth that does not resolve 
spontaneously, BA should be suspected because persistence of jaundice 
after 2 to 3 weeks of life should always be considered pathologic until 
proven otherwise. This sign, coupled with the findings of progressively 
acholic stools and dark urine, is suggestive of BA.

As the liver becomes progressively obstructed, it grows in size and 
firmness. Malabsorption of fat-soluble vitamins resulting from hepatic 
obstruction and failure can lead to diarrhoea, anaemia, and malnutrition. 
Overall growth of the infant may therefore appear normal in the first few 
weeks or months after birth, but most patients develop failure to thrive 
once liver failure is more significant. Prolonged bleeding can be seen 
from the umbilical stump in such cases. Finally, splenomegaly, bleeding 
oesophageal varices, and other signs of portal hypertension can also be 
significant parts of the examination in patients who present with advanced 
illness.9 By recent African reports, up to two-thirds of patients present late 
in the illness after advanced signs of liver failure are present.10

The value of the experienced paediatrician in recognising the 
jaundiced baby with persistently acholic stools cannot be overstated. It 
is important to recognise these and other physical findings early because 
successful outcomes after surgery for biliary atresia are tied closely to 
age at performance of Kasai portoenterostomy.11 Note, however, that 
the physical signs and symptoms of BA described above overlap with 
myriad other causes of jaundice in infancy (discussed in the next 
section), and none of these findings should be considered as conclusive 
for BA. Rather, early recognition of signs of persistant jaundice should 
prompt swift referral to centres capable of completing the diagnosis and 
instituting definitive surgical intervention, if warranted. 
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Figure 81.2: Nuclear hepatobiliary scan demonstrating prompt uptake of 
technecium tracer with no excretion into the gut after 24 hours. This image is 
suspicious for biliary atresia, but could still be consistent with neonatal hepatitis. 
Excretion into the gut at any time rules out biliary atresia.

Investigation
The differential diagnosis of neonatal jaundice is prodigious and 
includes such surgically correctable obstructive lesions as biliary atre-
sia and choledochal cyst as well as inborn metabolic errors, congenital 
infectious causes, and other causes, as listed here: 
• physiologic: immaturity of glucuronyl transferase (resolves quickly);

• breast milk feeding;

• hematologic: Rh/ABO blood group incompatibility, hemolytic dis-
eases (spherocytosis);

• infectious: the TORCH (TOxoplasmosis, Rubella, Cytomegalovirus 
(CMV), Herpes) complex; syphillis, hepatitis, and others; 

• genetic/metabolic: α1-antitrypsin deficiency, galactosaemia, tyros-
inaemia, cystic fibrosis (CF), hypothyroidism, Gaucher’s disease, 
iron storage disease;

• hepatocellular dysfunction: Gilbert’s disease, Crigler-Najjar syndrome;

• neonatal hepatitis;

• total parenteral nutrition (TPN)-related cholestasis; and

• extrahepatic processes: BA, choledochal cyst, Alagille syndrome 
(arteriohepatic dysplasia), inspissated bile plug syndrome, bile duct 
stenosis or stricture, spontaneous perforation of the bile duct.

Testing 
The main goal of early testing is to rapidly differentiate jaundice 
due to obstruction from that due to other causes. A proper combina-
tion of serology testing, imaging, and biopsy prior to or during an 
operative cholangiogram leads to an accurate diagnosis in >95% of 
patients.12 Conventional serum liver function tests are nonspecific. 
Hyperbilirubinaemia, usually in the 5–12 µg/L range, is typical of the 
early stage of the disease. However, bilirubin fractionation is not useful 
in distinguishing obstructive jaundice due to BA from the more common 
intrahepatic cholestatic diseases (e.g., neonatal hepatitis) because there 
is elevation of indirect, unconjugated as well as direct, conjugated bili-
rubin in both diseases. Similarly, alanine transaminase (AST) and aspar-
tate transaminase (ALT) are also often elevated in both cases, although 
extreme elevations of these are unusual in BA. In contradistinction to 
this, alkaline phosphatase and gamma-glutamyl transpaptidase (GGT) 
are often very elevated, and low levels of these may suggest an alternate 
diagnosis. Alterations in hepatic function tests, such as prothrombin 
time, partial thromboplastin time, and albumin, are typically seen only 
in advanced cases of BA. Serum testing should also be done to screen 
for both inborn metabolic errors and classic infectious causes such as 
TORCH and syphilis, among others. An exhaustive hunt to rule out all 
these possibilities can take many weeks, so one should not wait for the 
results of testing prior to imaging, which may help confirm or eliminate 
the possibility of an obstructive, mechanical cause of jaundice.1,9 
Imaging
The two most useful imaging modalities in further differentiating surgi-
cally amenable causes from other causes of cholestasis are ultrasound 
(US) and nuclear hepatobiliary imaging. Although operator-dependant, 
US is available in many African centres and offers a safe and nonin-
vasive way to evaluate the jaundiced neonate. It can be used to assess 
the size of the gallbladder and intra- and extrahepatic biliary ducts and 
to visualise gallstones. Although the presence of a cystic extrahepatic 
or intrahepatic ductal dilatation typically rules out BA, the disease is 
suspected if there is a very small or absent gallbladder, extrahepatic 
ducts are not at all visualised, or the cone-shaped fibrotic portal plate 
is seen.13 The presence of polysplenia or pre-duodenal portal vein lends 
further support to a diagnosis of biliary atresia. Doppler use helps to 
correctly interpret the adjacent hepatic artery as a vascular rather than 
a biliary duct structure. 

Nuclear imaging is performed with intravenous administration of 
technecium-99m, which is taken up by the liver. In neonatal hepatitis, 
there is delayed technecium uptake due to hepatocellular dysfunction 
and delayed or absent excretion into the gut. In BA, uptake is usually 
prompt (especially early in the disease) but there is no gut excretion 
(Figure 81.2). Therefore, visualisation of tracer in the intestine rules 
out BA, whereas absence of tracer visualisation in the intestine could 
be due to either process. In resource-poor locations without nuclear 
imaging techniques, it may be judicious to proceed straight to either 
percutaneous biopsy or operative biopsy and cholangiogram via a 
laparoscopic or open technique.

Management
If, after initial investigation, the diagnosis of BA is still suspected, prompt 
operative intervention is warranted to definitively determine whether the 
patient has BA and, if so, to perform a Kasai portoenterostomy procedure. 
Preoperative Considerations
In addition to routine preoperative care for any abdominal procedure, a 
dose of vitamin K (1 mg/kg) can be given several days prior to surgery. 
Coagulation factors (prothrombin time/international normalization 
ratio/partial thromboplastin time, or PT/INR/PTT) should be checked 
to ensure suitability for operation, and type-specific blood should be 
available. Routine bowel preparation is not necessary, but a dose of 
preoperative broad-spectrum antibiotic is given prior to incision.
Initial Intraoperative Considerations: Cholangiogram 
and Liver Biopsy
Traditionally, the operation commences with a small right upper quadrant 
transverse or oblique incision. However, if available, laparoscopy can 
also be utilised for the initial portion of the procedure. If a gallbladder is 
visualised and is patent, an operative cholangiogram is the next manoeu-
vre, wherein the tip of the gallbladder is cannulated with an angiocatheter 
and contrast is instilled under fluoroscopy. Contrast in the duodenum and 
continuity with the intrahepatic ducts rules out BA (Figure 81.3)

If biliary atresia is ruled out and a biopsy has not previously been 
done, a generous wedge biopsy of the liver is performed and the 
incision(s) is (are) closed. An “adequate” liver biopsy specimen that has 
at least five portal tracts, reported by an experienced pathologist done 
after 4–6 weeks of age, should have an overall accuracy of 96%. The 
biopsy not only helps to differentiate BA from neonatal hepatitis, but 
also points towards specific aetiologies of neonatal hepatitis as well as 
α1-antitrypsin deficiency and storage disorders such as Niemann-Pick 
disease. In addition to being sent for pathologic exam, a portion of the 
biopsy specimen should be sent for viral and bacterial cultures. 

If no gallbladder or a fibrotic gallbladder is present, or if 
cholangiogram reveals a lack of either the proximal or distal extrahepatic 
ducts (Figure 81.4), the right upper quadrant incision should be widened 
or the procedure converted to open from laparoscopic in preparation for 
hepatic portal exploration and the Kasai procedure.
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Figure 81.3: Intraoperative cholangiogram with contrast filling hypoplastic 
proximal and distal duct system with emptying into duodenum: (A) contrast-filled 
catheter within gallbladder; (B) left and right hepatic ducts; (C) intrapancreatic 
common bile duct. Patient had Allagille syndrome, not biliary atresia.

Figure 81.4 : Intraoperative cholangiogram demonstrating emptying of contrast into 
the duodenum with no proximal duct filling (proximal biliary atresia): (A) contrast 
being administered through a small but patent gallbladder; (B) stenotic but patent 
common bile duct passing intrapancreatic and emptying into the duodenum; (C) 
contrast in the duodenum; (D) retrograde filling of the pancreatic duct.

Figure 81.5. Biliary atresia: view of porta hepatis and hepatoduodenal ligament 
prior to dissection: (A) fibrotic gallbladder; (B) duodenum; (C) falciform ligament; 
(D) approximate location of fibrotic endplate.
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Kasai Roux-en-Y Portoenterostomy
The portoenterostomy procedure, first described by Kasai and Suzuki in 
1959,14 uncovers patent biliary microductules proximal to the level of 
extrahepatic biliary fibrosis and allows these structures to drain directly 
into a segment of defunctionalised intestine. 

The procedure begins with separation of the gallbladder from its 
liver bed down to the junction of the cystic and common bile ducts. 
1. The peritoneum over the hepatoduodenal ligament is opened, exposing 
the biliary and hepatic arterial structures (Figure 81.5). The fibrous 
common duct is dissected and transected at its margin with the duodenum.
2. The entire gallbladder and fibrous common duct is placed on 
traction in a superior direction. The cystic artery is ligated, being 
careful to definitively identify it from the right hepatic artery. 
3. The ductal remnants are then dissected from the adjacent hepatic 
artery and portal vein until the right and left branches of the portal vein 
are identified (Figure 81.6).
4. Further dissection reveals the widening of the fibrotic duct into a 
cone-shaped mass entering the liver superiorly. This fibrotic hepatic 
endplate is then transected at the point at which it is flush with the liver 
edge. In order to identify this level, small branches of the portal vein to 
the central portion of the fibrotic endplate must often be divided such 
that the most superior dissection is actually behind the portal vein. 
(Figure 81.7).
5. If there is discontinuity of the proximal biliary tree, meticulous 
exploration over the bifurcation of the portal vein will lead to 
identification of the fibrotic cone. Once the endplate is divided, cautery 
on this portion of the liver should be avoided, and a moist gauze 
should be placed here while attention is turned to the construction of a 
Roux-en-Y intestinal limb. The completed portal dissection is shown 
in Figure 81.8.
6. A 40-cm Roux-en-Y limb is constructed by dividing the bowel 10–
15 cm after the ligament of Treitz. The distal cut edge is advanced in a 
retrocolic fashion up to the level of the liver. A handsewn end-to-end 
or side-to-side jejunojejunostomy re-establishes intestinal continuity. 
The mesenteric defect at the jejunojejunostomy is closed, and the Roux 
limb is tacked to the colonic mesentery at its retrocolic window to 
prevent internal hernia and excessive tension on the portoenterostomy 
(Figure 81.9).
7. The portoenterostomy is performed in a single layer, end-to-side 
or end-to-end fashion, using long-term absorbable sutures in an 
interrupted or running fashion, being careful to take meticulous full 
thickness bites of only the periphery of the porta hepatis (Figures 
81.10 and 81.11). This ensures that the portoenterostomy incorporates 
the entire portion of tissue that may contain biliary channels and that 
risk of microductular structure compromise is minimised.
8. The completed portoenterostomy is shown in Figures 81.12 
and 81.13. A closed-suction drain can be placed posterior to the 
portoenterostomy, and the abdomen is closed in layers.

To limit potential postoperative cholangitis, many modifications 
of the original portoenterostomy have been proposed over the years 
since Kasai first described the technique. These have included initial 
externalisation of the biliary conduit via a stoma and an antireflux 
intussusception valve within the Roux limb, among others. However, 
as none of these have been successful in preventing cholangitis, and in 
fact have been associated with unique complications of their own, their 
use should be discouraged.

Postoperative Considerations 
Nasogastric drainage is continued for several days after the operation 
until gut function resumes. At that time, an oral diet is given as toler-
ated. Perioperative intravenous antibiotics, such as a cephalosporin, are 
administered by most surgeons for at least the first 12–24 hours. Many 
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Figure 81.6: Porta after isolation of hepatic arteries and partial dissection 
of fibrotic endplate vessel loops around hepatic arteries: (A) portal venous 
confluence; (B) fibrotic ductal structures (medial portion of fibrous endcone 
already divided and reflected laterally).

Source: Karrer FM, Pence JC.  Biliary atresia and choledochal cyst. In: Ziegler MM, ed. 
Operative Pediatric Surgery. McGraw-Hill, 2003. Reproduced with permission from the McGraw-
Hill Companies.

Figure 81.7: Fibrotic extrahepatic bile ducts with branches of portal vein to endplate. 

Figure 81.8: Intraoperative photo of completed dissection of porta prior to 
portoenterostomy in another patient: (A) portal vein confluence; (B) right hepatic 
artery; (C) portal plate after resection of fibrous cone; arrows mark anterior and 
posterior edges.

surgeons administer long-term oral antibiotics (e.g., trimethoprim/sulfa, 
2 mg/kg per day) as well as choleretic agents, such as ursodeoxycholic 
acid (10–15 mg/kg per day) upon discharge in the hope of lessening the 
incidence of cholangitis following a Kasai procedure.11 

Steroids are purported to benefit biliary function after a Kasai 
procedure through stimulation of salt-independent bile flow in addition 
to their marked anti-inflammatory, immunosuppressive, and scar-limiting 
properties. They were originally proposed for use along with broad-
spectrum antibiotics in cases of postoperative cholangitis and in cases 
of sudden cessation of bile flow in a previously well-functioning 
portoenterostomy.1,14 More recently, the routine use of steroids in the 
postoperative period has become standard for some surgeons. Although its 
use remains controversial, especially in light of reports showing equivocal 
benefits, this practice is widespread. The evidence for steroids comes from 
multiple studies reporting improved short- and long-term outcomes after 
standard postoperative steroid use as reflected by decreased bilirubin level 
several months after the Kasai procedure, decreased mortality at one year 
postoperatively, and improved jaundice-free survival with native liver at 
four- to five-year follow-up.15–17 Although many of these studies involved 
small numbers of patients and many potentially confounding variables 
exist, none of the studies noted significant adverse reactions from steroid 
use, such as infectious complications or wound issues. The optimal dose 
and length of steroid treatment to achieve positive effects is unknown and 
varied across the studies cited. One author of this chapter prefers a three-
week tapering course of oral prednisone (2 mg/kg per day) beginning at 
hospital discharge. 

Complications
Although the usual operative complications, such as severe bleeding 
and anastomotic leak, can occur, these are rare—even in patients with 
fairly advanced disease. The most common issues postoperatively are 
cholangitis, nutritional deficiencies, and portal hypertension.

Cholangitis occurs in one-third to two-thirds of patients; its 
incidence is highest within the first several years after a Kasai 
procedure. It is thought that bacteria in the Roux-en-Y conduit and 
bile stasis combine to cause this problem. The onset of cholangitis is 
heralded by fever, leukocytosis, and an increase in bilirubin. Most cases 
are responsive to supportive treatment with fluids and early institution 
of broad-spectrum antibiotics covering intestinal flora. In refractory 
cases, one can consider a short burst of intravenous corticosteroids, as 
previously described. If not already being used prior to the first episode 
of cholangitis, chronic oral suppressive antibiotics, ursodeoxycholic 
acid, or oral steroids may be of benefit to prevent recurrent episodes.18 
Reoperation to prevent cholangitis (by creation of an antireflux valve or 
lengthening of the Roux limb) is generally unsuccessful.3

Portal hypertension is the most serious delayed complication, 
seen in up to 50–70% of long-term survivors.19 It can occur even in 
patients who initially had a successful Kasai procedure and usually 
manifests as ascites, variceal bleeding, or hypersplenism. Treatment 
with diuretics, beta blockers, or variceal banding and splenectomy or 
splenic embolisation can be successful. However, without the possibility 
of liver transplantation, many of these patients will succumb to this 
portal hypertension. 

Severe nutritional deficiency can accompany liver disease secondary 
to BA. Without adequate bile flow for intestinal fat absorption, children 
can develop essential fatty acid deficiency. Until adequate bile flow 
is achieved, it is prudent to administer formula feeds with a high 
percentage of medium-chained triglycerides that can be absorbed 
directly without the assistance of bile salts. Additionally, affected 
neonates can develop deficiencies of the fat-soluble vitamins (K, E, 
A, and D), which can result in diseases such as rickets (vitamin D 
deficiency) or severe coagulopathy (vitamin K deficiency). Monitoring 
vitamin levels and/or supplementation of these vitamins as available 
can prevent significant morbidity. 
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Figure 81.12 : Completed Kasai procedure: (A) Roux-en-Y end-to-side 
portoenterostomy anastomosis; (B) stomach and pylorus; (C) transverse colon 
with retrocolic Roux limb behind it.

Outcomes
Given that biliary atresia was previously a uniformly fatal disease, the 
Kasai operation has dramatically improved the survival rates of infants 
with this disease. However, the results are far from perfect. In general, 
by Japanese and Western reports, 60–80% of patients will achieve 
initial improvement in jaundice and early success with portoenteros-
tomy, defined by some as normalisation of serum bilirubin to less than 
2 mg% at 3 months following the procedure. Of these, one-half will 
have permanent relief and the other one-half will have progressive 
liver failure. The patients who never achieved initial improvement go 
on to experience progressive liver failure. The best five-year survival 
(up to 60%) has been reported by the Japanese Biliary Atresia Registry. 
Rates in most African reports are significantly lower, likely due to 
the patient’s advanced age at the time of diagnosis and morbidities of 
advanced disease.6,10 
Prognostic Factors
The most important long-term prognostic factors in predicting outcome 
after the Kasai procedure appear to be age at presentation, achievement 
of primary biliary drainage, experience of the centre, and occurrence 
of cholangitis. 

Age at the time of the Kasai procedure is perhaps the most important 
prognostic indicator. Most reports state that the best outcomes, in both 
initial success and long-term survival, occur in patients younger than 
age 60–70 days at the time of operation (68% 10-year survival). The 
Japanese Biliary Atresia Registry extends such rates to patients up to 
90 days of age, with a precipitous drop in success after that point.3,11,20 
Most series report performance of a Kasai procedure in infants after 
70 days of age as a risk factor for failure; however, some do not agree 
with this.21–23 

Although it is a very important postoperative prognostic factor, 
primary biliary drainage is not a guarantee of the long-term success of 
a portoenterostomy. Rather, it is a requirement for success in that nearly 
all patients who do not achieve primary biliary drainage will never do 
so. Surgical treatment via a second (redo) Kasai procedure for patients 
who did not achieve primary drainage as well as for those who had 
initial drainage but subsequent cessation, was met with initial interest 
secondary to case reports and small series of successes. Recent reports, 
however, suggest that redo portoenterostomy is not a useful strategy in 
the vast majority of patients.24 
Role of Liver Transplantation
Liver transplantation, where available, is principally useful in cases 
of inadequate biliary drainage after portoenterostomy and in cases 
of progressive hepatic dysfunction or refractory portal hypertension 
despite initial portoenterostomy. Liver transplantation centres in North 
America, Europe, and Japan now report up to 85% 5-year survival after 
transplant for biliary atresia.25 Given these excellent results, some in the 
West have advocated for primary liver transplantation in the neonate 
with BA. However, the long-term success of portoenterostomy in a 
significant percentage of patients, combined with the risks of long-term 
immunosupression beginning early in life (infectious and malignant), 
the expense of liver transplant, the shortage of donors, and the need 
for intense follow-up, make this a less attractive initial option in these 
patients. These issues are magnified in the African setting. In those 
regions where transplantation is an option, it should be noted that per-
formance of an initial Kasai procedure has not been shown to affect the 
success of subsequent transplantation.26 

Conclusion
The Kasai procedure remains the mainstay of initial treatment for bili-
ary atresia throughout the world. In addition, it may offer the only hope 
for children with BA in most of Africa, where liver transplantation may 
not be available. 

Figure 81.10: Distal Roux limb (superior to its retrocolic passage) being opened 
on its antimesenteric aspect in preparation for end-to-side anastomosis with 
porta: (A) side of Roux limb; (B) portal endplate; (C) pylorus posterior and 
adjacent to tip of Roux limb.

Figure 81.11: Posterior row of portoenterostomy anastomosis complete. Vessel 
loops around portal venous and hepatic arterial branches posterior to Roux limb: (A) 
inferior border of portal plate; (B) mucosal edge of jejunum ready for anterior row 
sutures; (C) lateral sutures leading to edge of posterior portion of anastomosis.

Figure 81.9: Completed jejunojejunostomy of Roux limb: (A) proximal jejunum 
at ligament of Treitz; (B) end-to-side jejunojejunostomy; (C) Roux limb to liver 
passing retrocolic, secured to transverse colon mesentery.
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Figure 81.13 : Illustration of completed Kasai procedure.  

Source: Altman RP, Buchmiller TL. The jaundiced infant—biliary atresia. In: Grosfeld JL, O’Neill 
JA, Coran AG, Fonkalsrud EW (eds.). Pediatric Surgery, 6th ed., Vol. 2. 2006, Pp 1609.

Despite the fact that many African reports state a poor outcome for 
even those BA patients who undergo portoenterostomy, likely due to the 
extremely late presentation of patients for the procedure, this should not 
discourage the use of the Kasai procedure in general.6,10 It is therefore 
important for the surgeon to advocate to the community for early referral 
of patients with neonatal jaundice who may have biliary atresia. Time is 
of the essence, so accepting centres should have expertise in the rapid 
work-up of such patients. Subsequent thorough preoperative resuscitation 
and preparation and meticulous technique in the performance of Kasai 
portoenterostomy are crucial to the successful outcome of the patient who 
presents with potentially salvageable liver disease. 

1. Although not as common as infectious aetiologies of neonatal 
cholestasis, biliary atresia is seen regularly in centres 
throughout Africa.

2. Persistent jaundice after 3 weeks of age is pathologic until 
proven otherwise.

3. The differential diagnoses for cholestasis in the newborn 
are large and include genetic/metabolic disorders, infectious 
agents, hepatocellular dysfunction, neonatal hepatitis, and 
extrahepatic obstructive disorders.

4. Early referral to a centre that can rule out extrahepatic biliary 
obstruction is vital to a successful outcome if biliary atresia is 
found. 
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Introduction
Congenital bile duct dilatation is a better term for the spectrum of 
anomalies known traditionally as choledochal cysts. Choledochal cysts 
may cause symptoms at any age, but typically present with obstructive 
jaundice and/or abdominal pain in infants and children. Although rare, 
they are more common in females (female-to-male ratio of about 3–4:1) 
and in some Asian races.

Anatomic Classification
Type I, II, and III forms of choledochal cysts were originally described 
by Alonso-Lej and colleagues. Subsequently, Todani and associates 
and others have further classified this anomaly into five main types and 
additional subtypes, based on analyses of cholangiograms. The two 
relatively common categories of cyst are types I and IV-A. The com-
mon varieties are as follows (see Figure 82.1):

• Type I consists of dilatation of the common bile duct, which may 
be cystic, focal, or fusiform (subtypes A, B, and C, respectively) 
(90–95% of cases).

• Type II is diverticulum of the extrahepatic bile duct.

• Type III involves choledochoceles.

• Types IV: Type IV-A, the second most common type, is defined as 
both intrahepatic and extrahepatic dilatation of the biliary tree. The 
rare malformation of multiple extrahepatic cysts is designated as 
type IV-B.

• Type V comprises single or multiple intrahepatic cysts. This type 
has been referred to as Caroli’s disease when associated with 
hepatic fibrosis.
Pancreaticobiliary malunion may occur without choledochal 

dilatation, and this has been termed a forme fruste choledochal cyst.

Pathology
Histologic sections of the wall of extrahepatic choledochal cysts have 
demonstrated a thick-walled structure of dense connective tissue inter-
laced with strands of smooth muscle. In most instances, some degree 
of inflammatory reaction is noted; it is minimal in infants and gradually 
becomes more marked as patients get older. The histologic appearance 
of other forms of choledochal cysts is similar, with the exception of 
choledochocele. In these cysts, the lining is most commonly duodenal 
mucosa and only occasionally resembles the lining of the bile duct. 

The findings on liver biopsy also vary with the age of the patient. In 
a newborn, the histologic appearance of the liver is usually interpreted 
as normal or having mild bile duct proliferation consistent with chronic 
biliary obstruction. Occasionally, in older patients, mild periportal 
fibrosis is noted. Although the bile duct is usually normal in appearance 
on histologic section, inflammation may be present, and stones and 
sludge may be seen in the common bile duct and occasionally in the 
intrahepatic ducts of older patients. Most patients with choledochal 
cysts have an anomalous pancreaticobiliary junction.

Carcinomas arising in the wall of choledochal cysts are well 
recognized and believed to be the result of chronic inflammation. 
Biliary carcinoma has been noted in patients with an anomalous 
pancreaticobiliary junction even without a choledochal cyst. Carcinoma 
in the wall of a choledochal cyst has rarely been reported in a child, 
being primarily a problem of adults. Although the majority of these 
malignancies occur in the wall of choledochal cysts, other sites have 
included the gallbladder and the head of the pancreas in the region 
of the pancreaticobiliary junction. Because of the long interval over 
which these lesions seem to develop, it is presumed that they are the 
result of chronic inflammation from cholangitis. Inflammation is not 
a prominent feature in patients who have choledochoceles, although 
mild inflammation may lead to stenosis of the common bile duct and 
the pancreatic duct.
Aetiology
Choledochal cysts are congenital. Two main aetiologic theories have 
been proposed: (1) weakness of the wall of the bile duct due to pan-
creaticobiliary malunion (PBM), and (2) obstruction of the distal part 
of the bile duct.

In more than 75% of patients with a choledochal cyst (particularly 
type I and IV cysts), there is an anomalous junction between the distal 
common bile duct and the pancreatic duct; the ducts unite outside 
the duodenal wall some distance proximal to the ampulla of Vater. 
This common channel often exceeds 5–10 mm in length (Figure 
82.2), and it is not surrounded by the normal sphincter mechanism. 
Consequently, pancreatic juice refluxes into the biliary tree. Isolated 
PBM without choledochal dilatation has been implicated in the 
pathogenesis of gallbladder cancer in adults. A common channel 
also predisposes to reflux of bile into the pancreatic duct, which may 
precipitate pancreatitis.

Figure 82.1: Classification of choledochal cysts.
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PBM is not found in all patients with congenital choledochal 
dilatation, and it can occur with a normal caliber bile duct. In addition, 
choledochal cysts have been detected as early as at 15 weeks gestation, 
a time when acinar development of the pancreas is rudimentary, which 
argues against a significant role for pancreaticobiliary reflux in such 
cases. An alternative and more plausible explanation is obstruction of the 
distal common bile duct. A distal obstruction could be functional rather 
than mechanical, and can occur as a result of PBM and an abnormal 
sphincter of Oddi. Kusunoki et al. have shown that there are abnormally 
few ganglion cells in the narrow portion of the common bile duct in 
patients with a choledochal cyst, as compared with controls. Presumably, 

this would result in functional obstruction and proximal dilatation in the 
same manner as achalasia of the esophagus or Hirschprung’s disease.

Presentation
Patients with choledochal cysts usually present in one of two ways, which 
has led to them being classified as infantile or adult in nature. In the 
infantile form, patients ranging from 1 to 3 months of age present with 
obstructive jaundice, acholic stools, and hepatomegaly with a clinical 
picture indistinguishable from that of biliary atresia. Occasionally, signs 
of hepatic fibrosis are present, even in young patients, which is a strong 
argument for early treatment. Patients with the infantile form of this 
anomaly tend not to have abdominal pain or a palpable mass. Infants who 
have been diagnosed with a choledochal cyst prenatally do not ordinarily 
become jaundiced until 1 to 3 weeks after birth.

In the so-called adult form of choledochal cyst, clinical manifestations 
do not generally become evident until after the patient is 2 years of age; 
and most of these patients have fusiform deformities of the common duct 
without high-grade or complete obstruction. In this group of patients, the 
classic triad of abdominal pain, a palpable abdominal mass, and jaundice 
originally described by Alonso-Lej and colleagues may be noted. At least 
two features of the triad are found in 85% of children at presentation. 

Among the more commonly reported presenting features are cholangitis, 
pancreatitis, and biliary peritonitis from cyst rupture. However, it is 
important to emphasize that symptoms in older patients tend to be very 
subtle and intermittent, so the diagnosis frequently goes unrecognized. 
Because liver damage is progressive, these patients may present initially 
with cirrhosis and manifestations of portal hypertension.

Rare presentations include gastric outlet obstruction, neonatal bleeding 
tendency, duodenal intussusecption, and portal hypertension. 

A choledochal cyst should always be considered in the differential 
diagnosis of obstructive jaundice or pancreatitis. Differential diagnosis 
includes duodenal atresia, an ovarian cyst, a duplication cyst, and cystic 
biliary atresia. Progressive enlargement of the cyst during gestation and 
the presence of dilated intrahepatic ducts on postnatal scan are indicative 
of a choledochal cyst rather than biliary atresia, but it may be difficult to 
distinguish between these two conditions.

Investigations
Ultrasound Scanning
Ultrasound scanning (US) can diagnose choledochal cysts with a speci-
ficity of 97% in children. Ultrasound is therefore an excellent first-line 
investigation of neonatal jaundice persisting more than 2 weeks after 
birth, and may help to differentiate choledochal cysts from biliary 
atresia. Antenatal diagnoses can be made on ultrasound, although diag-
nostic accuracy from this technique has been reported to be as low as 
15%; also, it is not possible to differentiate between biliary atresia and 
choledochal cysts with antenatal ultrasound. 
Radionucleotide Scintigraphy
Scintigraphy is safe and atraumatic, and has been used for a long time 
in the diagnosis of choledochal cysts. Scintigraphy follows the progres-
sion of an isotope from the biliary tract into the small intestine, and is 
reported to distinguish with 100% accuracy between choledochal cysts 
and biliary atresia. Type I cysts may be diagnosed with a sensitivity of 
100%, but only two-thirds of type IV disease is detected, and the extent 
of the intrahepatic disease may be underestimated on scintigraphy. 

Computed Tomographic Scan
Although there are reports of computed tomographic (CT) scans diag-
nosing choledochal cysts, others have found that cysts are missed on 
CT scans (especially in small size cysts or choledochocele), but picked 
up on magnetic resonance cholangiopancreatography (MRCP). A com-
parative study of 14 patients with choledochal cysts was performed, 
in which each patient had both CT cholangiography and MRCP per-
formed. The MRCP investigation was superior at detecting and defin-
ing lesions. A better role for CT scanning may be in the postoperative 
period, where it has been shown to be superior to MRCP in locating the 
biliary-enteric anastomosis and in defining any stenosis thereof. 

Magnetic Resonance Cholangiopancreatography
For the reasons outlined above, MRCP represents the current gold 
standard in the imaging of choledochal cysts. There are a few caveats 
to this, however. Although the technique is excellent for diagnosing 
and characterizing the cysts themselves, it is not so good at detect-
ing anomalous pancreaticobiliary union, but this is probably not that 
important in determining patient management. Also, MRCP may not be 
as sensitive a tool in pediatric cases as it is in adults, where ultrasound 
has a preeminent role.
Endoscopic Retrograde Cholangiopancreatography
Investigation with endoscopic retrograde cholangiopancreatography 
(ERCP) is excellent for defining biliary anatomy, and as such has been 
used to diagnose cholodochal cysts. MRCP has been shown to be just as 
good if not better than ERCP, however, without the potential complica-
tions of the ERCP invasive technique. 

Preoperative Preparation
Preoperative correction of any bleeding tendency with either paren-
teral vitamin K administration or even fresh frozen plasma is a must. 
Intravenous (IV) antibiotics are given to treat any attack of cholangitis.

Surgical Management
Historically, a cyst-enterostomy internal drainage procedure, either 
cyst-duodenostomy or cyst-jejunostomy, was considered the surgical 

management option for choledochal cysts. These approaches were 
abandoned due to complications, including malignancy in the remain-
ing cyst, pancreatitis, and cholangitis. 

The procedure currently recommended is cyst excision followed 
by Roux-en-Y hepaticojejunostomy or choledochojejunostomy, with 
the former thought to reduce the incidence of stricture formation 
postoperatively. Alternatives that have been suggested include 
hepaticoduodenostomy so that the anastomosis is accessible to ERCP 
in the event of postoperative complications. Hepaticoduodenostomy 
has not been widely adopted due to the potential for biliary reflux 

Figure 82.2: Intraoperative cholangiography showing a long common channel.
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and cholangitis. The technique of appendix or free jejuneal interposition 

hepaticoenterostomy similarly failed to gain widespread acclaim, as these 
grafts underwent stenosis with resultant hepatic fibrosis. 

After excision of the cyst, the intrahepatic ducts should be probed 
and lavaged with saline to rid the ductal system of sludge and possible 
stones. Additionally, on occasion, obstruction may be found in the 
proximal biliary system, which can be dilatated. Therefore, intraoperative 
cholangiography before cyst excision is a must.

For many patients, particularly older ones who have had recurrent 
bouts of cholangitis, pericystic inflammation, and adherence to adjacent 
vascular structures, cyst excision is accomplished by using a plane of 
dissection between the inner and outer layers of the cyst (mucosectomy). 
The portion of the cyst wall that is adherent to the portal vein and hepatic 
artery are left undisturbed.

Patients with choledochoceles are not usually diagnosed until they 
are at least 5 years of age because the characteristic clinical symptom 
is abdominal pain of an intermittent nature that is not specific. A 
longitudinal duodenotomy permits complete exposure of an intraduodenal 
choledochocele. Once the choledochocele is exposed, it should be 
unroofed, and then the mucosa is reapproximated with multiple interrupted 
absorbable sutures. It is important to identify and calibrate the entry points 
of the common bile duct and the pancreatic duct to determine whether a 
sphincteroplasty of these ducts will be needed. 

Patients with intrahepatic cysts or Caroli’s disease are difficult 
to manage because they tend to develop severe recurrent bouts of 
cholangitis, subsequent biliary cirrhosis, and progressive segmental ductal 
ectasia. For this reason, these patients require frequent follow-up with US 
over a period of many years. A variety of techniques may be needed for 
management of intrahepatic cysts. Partial hepatic lobectomy may be done 
when the disease is localized and amenable to resection, but unroofing 
with drainage into a Roux limb of jejunum may be needed when proximal 
ductal obstruction is encountered. Otherwise, multiple cysts and Caroli’s 
disease that are not amenable to localized resection or drainage may be an 
indication for liver transplantation.

Timing of Surgery
The timing of surgery should be early after diagnosis, even in asymptom-
atic prenatally diagnosed neonates (within the first 1–3 months of age), 
to reduce the incidence of complications, and particularly to prevent liver 
fibrosis in neonates.

Postoperative Complications 
Intrahepatic Cholelithiasis
Intrahepatic stones are a particular problem in cases of type IV disease with 
residual intrahepatic cysts. Choledochoscopy is used at the time of surgery 
to detect and remove intrahepatic stones at operation. Intraoperative chol-
angiography with ductal probing and washout of debris reduces postop-
erative complications of stones retained in the biliary radicals. 
Malignant Change after Cyst Excision
Even after cyst excision, there are reports of malignancy, usually from 
incomplete cyst excision. However, in a comprehensive review, the 
incidence of post-excision malignancy has been estimated at only 0.7%. 
Since malignancy may occur in the residual intrapancreatic portion of the 

choledochal cyst, close long-term follow-up for those patients with intra-
pancreatic extension is recommended, with resection if needed.

The extent of the resection in type IV-A cysts is controversial. 

Several authors advocate management by excision of the extrahepatic 

component only, with hepaticoenterostomy. However, malignancy has 
been reported to arise in the intrahepatic cysts, as described above, and it 
has also been reported to occur after resection of the extrahepatic cyst with 
hepaticojejunostomy. Clearly, when the intrahepatic cysts are widespread, 
they cannot be excised; however, when the intrahepatic disease is 
localized, it is reasonable to perform a partial hepatectomy. Similarly, 
partial hepatectomy has been practiced for Caroli’s disease.

Cholangitis
Patients who have had cyst excision with internal drainage have a 
lower incidence of postoperative cholangitis than do patients with 
biliary atresia who have had a similar type of drainage procedure. 
Hepaticoduodenostomy after cyst excision has long been claimed to 
be associated with a higher incidence of cholangitis and biliary reflux; 
however, our group (Ain Shams University in Cairo) has been using 
this type of biliary reconstruction after cyst excision for more than 50 
cases with a follow-up period now approaching 6 years, and prelimi-
nary data refute the claim of higher cholangitis and biliary reflux rates 
with hepaticoduodenostomy.
Stricture Formation
Performing a higher anastomosis at the level of the confluence, as pro-
posed by Todani and co-workers, may reduce the incidence of anasto-
motic stricture formation. Other investigators disagree and believe that 
conventional drainage at the level of the hepatic hilum is sufficient. We 
agree that an anastomosis to the common hepatic duct is sufficient, pro-
vided that a stricture of the right or left hepatic duct is not left in place.
Pancreatitis
Rarely, patients may develop pancreatitis after cyst excision and 
internal drainage. Acute pancreatitis due to protein plug formation is 
observed in more than 20% of patients followed long term. The mor-
phology of the pancreatic duct and ductal dilatation, possibly caused 
by long-standing stagnation of pancreatic juice, may be associated 
with postoperative pancreatitis in choledochal cyst patients. Overall, 
however, pancreatitis is an uncommon event after excision and internal 
drainage of a choledochal cyst.
Laparoscopic Excision
Recently, laparoscopic cyst excision and hepaticojejunostomy have 
been described. It is too early to assess the long-term results of this 
approach in terms of anastomotic strictures and malignancy arising in 
residual cyst tissue. The principle of laparoscopic surgery for chole-
dochal cysts is similar to that of open surgery, although it is much more 
technically demanding, especially in small children in whom the perito-
neal space is very limited. The magnification of the laparoscope allows 
excellent visualization of the anatomy and, in turn, facilitates meticu-
lous mobilization of the cyst from surrounding structures. Fashioning of 
the jejunal Roux loop can be performed through the enlarged umbilical 
wound. This enables meticulous bowel anastomosis, just like open sur-
gery, and also avoids intraabdominal contamination.

Postoperative Follow-Up
Our routine is to keep the patients on low doses of ampicillin or trim-
ethoprim-sulfamethoxazole for approximately 6 weeks postoperation 
to protect against cholangitis, after which the potential for this com-
plication appears to diminish. Postoperative follow-up should be every 
3 months for the first year and annually thereafter in asymptomatic 
patients. At each visit, liver function studies and serum amylase levels 
should be determined. Ultrasound of the liver and pancreas is done 
annually or when necessary if patients become symptomatic. US of the 
liver is particularly important in patients who are found to have intra-
hepatic ductal dilatation preoperatively. US is also helpful for long-term 
evaluation of the Roux-en-Y ductal anastomosis because occasional 
patients will develop late anastomotic strictures or stones. Patients who 
had hepaticoduedenostomy with a hepatobiliary iminodiacetic acid 
(HIDA) scan and barium meal and follow-through in the Trendelenberg 
position were investigated for biliary alkaline reflux; findings proved to 
be of no significance.

Evidence-Based Research
Table 82.1 presents a study of differences in characteristics between 
newborns and infants with choledochal cysts.
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Table 82.1: Evidence-based research.

Title The different clinical and liver pathological characteristics 
between newborns and infants with choledochal cysts

Authors Hua MC, Chao HC, Lien R, Lai JY, et al. 

Institution Department of Pediatric Surgery, Chang Gung Memorial 
Hospital, Chang Gung University, Taoyuan, Taiwan.

Reference Chang Gung Med J 2009; 32:198–202

Problem Comparison of choledochal cysts presenting in the neonatal 
period with those presenting in older age groups, assuming there 
is a difference in the clinical and liver pathological aspects. 

Intervention Cyst excision and Roux-en-Y hepaticojejunostomy. 

Comparison/
control
(quality of 
evidence)

The patients were divided into two age groups: the newborn 
group comprised those who presented within 1 month of 
birth and the antenatally diagnosed patients; the infant group 
comprised those who presented between 1 and 12 months of 
age. All medical records of those patients who presented to 
the institution between March 1991 and November 2006 were 
retrospectively reviewed. 

Outcome/
effect

Sixteen patients (45.7%) were categorized into the newborn 
group, including 12 patients in whom the cysts were detected 
by using antenatal ultrasound. Nineteen patients (54.3%) 
were in the infant group. According to Todani’s classification, 
74.2% of choledochal cysts were type I. Using chi-square 
and Student’s t-tests, the infant group had significantly 
higher preoperative morbidity, abnormal levels of serum 
transaminase, gamma trans-peptide (γ-GT), and grade 
of liver fibrosis (≥ grade 2) (p < 0.05). The postoperative 
complications were not statistically significant between 
newborn and infant groups. 

1. Choledochal cysts are uncommon, but when encountered, they 
may appear nonspecifically rather than classically. A high index 
of suspicion will avoid a delay in diagnosis. 

2. The imaging modality of choice for diagnosing and 
characterizing choledochal cysts is magnetic resonance 

cholangiopancreatography (MRCP). 

3. Delayed diagnosis may have a variety of undesirable 
sequelae, including biliary cirrhosis, cholangiocarcinoma, 
pancreatitis, and cholangitis. 

4. To avoid these complications, choledochal cysts should 
be treated by complete excision, whenever possible, with 
reconstruction using internal drainage.

5. Follow-up is essential to detect development of any 
complications, such as cholangitis, anastomotic stricture, or 
intrahepatic cholelithiasis.
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Historical 
significance/
comments

This report comparing the differences in clinical and pathological 
characteristics between newborns and infants presenting 
with choledochal cysts highlights the importance of such 
differentiation and its impact on management. Twelve patients 
had preoperative morbidities, including pseudopancreatitis, 
hypoalbuminemia, gallstone, poor body weight gain, cholangitis, 
cyst perforation with peritonitis, and inferior vena cava thrombus 
formation. These morbidities were more common in the infant 
group than in the newborn group. A liver biopsy specimen was 
obtained during the operations. The results of liver fibrosis 
based on Ohkuma’s classification were consistent with a higher 
incidence of liver fibrosis in older infants. 
    The paper concludes that the favorable results of early 
surgical intervention for infants with choledochal cysts and the 
evidence of liver fibrosis in the older infants suggest that early 
surgery, even in asymptomatic patients, may be justified.
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Introduction
Cholelithiasis (gallstones) in children is being diagnosed with increasing 
frequency in developed countries. This is related to an increase in recog-
nition due to the widespread use of ultrasound (US) scans for abdominal 
complaints and an increase in the frequency of the disease secondary to 
some predisposing factors. These factors include an increase in childhood 
obesity, common use of total parenteral nutrition in fasting premature 
infants, an increase in the incidence of necrotising enterocolitis requiring 
ileal resection, more frequent use of lithogenic medications (e.g., cef-
triaxone), improved medical treatment, longer survival of patients with 
haemolytic disease, and an increase in adolescent pregnancy. In Africa, 
children with sickle cell disease are more affected by cholelithiasis, and 
the incidence increases with age.

Demographics
The incidence of cholelithiasis in children is reported to be 0.15–0.22%, 
whereas the incidence in adults is approximately 10%.1 The incidence of 
cholelithiasis in patients with sickle cell disease has been reported to be 
10–70% in the United States.1 In Nigeria, the prevalence of gallstones diag-
nosed in a predominantly teenage population of children with SS haemo-
globin was found to be 9%, but there was a higher prevalence of 24.1% in 
older sickle cell patients.2 A prevalence of 4% was found in Ghanaian chil-
dren with sickle cell disease3 and 9.4% in Senegalian sickle cell children.4

Embryology of the Bile Ducts
The liver develops from an endodermal bud in the ventral floor of the 
foregut at about 22 days gestation. The cells of the cranial portion give 
rise to the mature hepatocytes, intrahepatic bile ducts, proximal extrahe-
patic bile ducts, and gallbladder. The distal extrahepatic bile ducts are 
derived from cells in the caudal portion.

Physiologic Maturation of the Biliary System
Hepatocytes perform a wide variety of essential physiologic tasks, 
including production of plasma proteins, gluconeogenesis, glycogenol-
ysis, biotransformation of toxins and chemicals, bile acid metabolism, 
cholesterol regulation, and bilirubin excretion. During gestation, many 
of these functions are performed for the foetus through placental trans-
port and maternal hepatic function. Many of the excretory functions of 
the foetal liver mature only after birth. The physiologic immaturity of 
the premature liver plays a role in the pathophysiology of a variety of 
neonatal diseases characterised by abnormal bile composition or flow.
Maturation of Bile Acid Metabolism and the 
Enterohepatic Circulation
Bile acids are amphipathic sterols formed in the liver by stereospecific 
additions and modifications of cholesterol. Bile acid metabolism is a 
critical determinant of cholesterol regulation. The interaction of bile 
acids, phospholipids, and cholesterol leads to mixed micelle formation, 
allowing biliary excretion of these lipids and other compounds, and 
facilitating intestinal absorption of dietary fat.

The enterohepatic circulation maintains the bile acid pool by 
recycling 90% of the excreted bile acid. This occurs through a sodium-

bile acid transport system, present on the ileal brush border that absorbs 
bile acid against a concentration gradient. The bile acids return to the 
liver through the portal circulation, where they are actively secreted 
by a second sodium-bile acid cotransporter across the hepatocyte 
canalicular basolateral membrane. Bacteria present in the jejunum 
and ileum metabolise a portion of the primary bile acids to secondary 
bile acids, which are passively absorbed in the colon and re-enter the 
hepatic circulation. Maturation of hepatic and ileal bile acid transport 
does not begin until around the time of birth. 

Foetuses and newborns have qualitative differences from adults in bile 
acid composition. Foetal bile contains an increased chenodeoxycholic/
cholic acid ratio, a predominance of taurine conjugates, and the 
presence of unusual bile acids with specific hydroxylations seen in 
adults with cholestasis. Therefore, the preterm or term infant has 
several predispositions to cholestasis. The diminished bile acid pool and 
decreased intraluminal concentration of bile acid result in decreased bile 
acid flow, which favours the development of sludge or cholelithiasis.
Maturation of Bile Pigment Excretion
Most bilirubin is the end product of the degradation of haem derived 
from erythrocytes normally removed from the circulation and destroyed 
in the reticuloendothelial system.

Erythrocyte half-life is shorter in the foetus and neonate, and 
therefore production of unconjugated bilirubin is greater than in an 
adult. Bilirubin UDP-glucuonyl tranferase activity, which conjugates 
bilirubin, is first detected at about 20 weeks gestation and remains 
low until after birth. The reabsorption of unconjugated bilurubin from 
the intestine may also contribute to the increased bilirubin load after 
birth. Conjugated bilirubin gradually accumulates in meconium during 
foetal life. Bacterial flora responsible for the conversion of conjugated 
bilirubin to urobilin are absent or reduced in the gut of the newborn 
infant, which allows the enzyme B glucuronidase to deconjugate the 
accumulated bilirubin. This process results in the absorption of a 
significant load of unconjugated bilirubin from the newborn intestine. 

Pathogenesis
The pathogenesis of cholelithiasis in children is multifactorial and dif-
fers according to age at presentation. In infants, the normal immaturity 
of the hepatic excretory function and the enterohepatic circulation 
lower the threshold for stone formation when combined with lithogenic 
factors (parenteral alimentation, fasting, dehydration, furosemide treat-
ment, ileal resection related to necrotising enterocolitis or volvulus, 
biliary tract anomalies, and polycythaemia). In this age group, cholesta-
sis can manifest as liver functional abnormality, as biliary sludge, or as 
true cholelithiasis directly related to the duration of fasting.

In the prepubertal child, stones are more likely to be idiopathic or related 
to chronic haemolysis, cystic fibrosis, ileal resection, or ceftriaxone therapy. 
In this age group, stone composition is predominantly calcium bilirubinate 
or calcium carbonate, and the gender incidence is equal. 

After puberty and in the adult population, stones are more likely to 
be predominantly cholesterol. The solubility of cholesterol depends on 
the concentration of lecithin, bile salts, and cholesterol within bile. Any 
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disturbance in the concentration of these three substances may leave 
the bile lithogenic and predisposed to formation of cholesterol stones. 
These stones result when the bile cannot solubilise all the cholesterol. 
In this age group, there is an increased female-to-male ratio. Racial and 
genetic influences, obesity, oral contraceptives, and pregnancy are also 
predisposing factors.
Haemolytic Disease
Pigmented stones can be black or earthy brown (calcium bilirubinate). 
Black-pigmented stones usually are associated with a haemolytic pro-
cess such as sickle cell disease, thalassaemia major, hereditary sphero-
cytosis, pyruvate kinase deficiency, autoimmune haemolytic anaemia, 
or other haemolytic processes. Calcium bilirubinate stones are found 
in patients with infected bile or biliary structures. Although the exact 
cause of the development of pigmented stones is unclear, the bile in 
these patients contains an excess amount of unconjugated bilirubin and 
beta-glucuronidase, an enzyme produced by bacteria that may hydro-
lyze soluble bilirubin glucuronide to insoluble unconjugated bilirubin 
and glucuronic acid. Unconjugated bilirubin may form calcium biliru-
binate. Stasis and nucleating factors also may play roles in the develop-
ment of these stones. Jaundice also may occur intermittently because of 
haemolysis; therefore, jaundice does not necessarily mean that common 
duct calculi are present.
Sickle Cell Anaemia
The incidence of gallstones increases with age in children with sickle 
cell anaemia: 12% are affected in the 2–4 year age group and 42% in the 
15–18 year group.2 It can be difficult to differentiate symptoms of bili-
ary colic from an abdominal crisis in the sickle cell patient. Utrasound 
should be performed in all children with sickle cell disease and 
abdominal pain, as there is an increased risk of complications related 
to cholelithiasis in patients with sickle cell disease. Careful preopera-
tive preparation of a child with sickle cell anaemia is essential to avoid 
perioperative sickling of the abnormal red blood cells. This sickling 
may be precipitated by hypoxia, hypovolaemia, acidosis, hypothermia, 
and a high level of haemoglobin S. Cholecystectomy is currently not 
recommended for children with sickle cell disease unless symptom-
atic. Cholecystectomy should be performed electively rather than as 
an emergency procedure during a haemolytic crisis. Partial exchange 
transfusion is necessary before operation to reduce the haemoglobin S 
level to less than 40%.
Thalassaemia Major
The incidence of gallstones varies from 2.3% to 23% and increases 
with age.1 The risk of cholelithiasis in the patient population with thal-
assaemia major is decreasing because of hypertransfusion therapy that 
blocks the bone marrow so that the fragile cells of thalassaemia major 
are no longer produced. For all symptomatic patients and for patients 
undergoing splenectomy in whom preoperative ultrasound shows the 
presence of gallstones, cholecystectomy is recommended.
Hereditary Spherocytosis
Hereditary spherocytosis is rare in the Africa population.5 The inci-
dence of cholelithiasis in this disease is 43–63% and is slightly more 
common in girls than boys. Abdominal ultrasound should be performed 
before elective splenectomy to detect the presence of gallstones. 
Demonstration of stones dictates that a simultaneous cholecystectomy 
should be performed.
Congenital Deformities of the Gallbladder
Agenesis, duplication, bilobation, floating gallbladder, diverticula, and 
ectopia are usually of no real clinical relevance unless they impair gall-
bladder emptying; calculi are frequent in such cases.

Clinical Presentation
Clinical presentation depends on age. Gallstones are frequently asymp-
tomatic in all age groups and detected on evaluation for other problems. 
Diagnosis in infancy requires clinical suspicion because the presenta-

tion is nonspecific. Persistent direct hyperbilirubinaemia should lead to 
an evaluation of the biliary tract, including evaluation for cholelithiasis. 
Jaundice and fever in an infant with any predisposing factors should 
lead to prompt evaluation for stones.

In older children, the presenting complaint is almost always 
abdominal pain. Younger children may not be able to localise abdominal 
pain, whereas older children have more typical right upper quadrant or 
subscapular pain. Diagnosis is often delayed due to a lack of suspicion 
in children and an absence of predisposing conditions. Evaluation of 
children with recurrent unexplained abdominal pain should include an 
evaluation for biliary disease. Abdominal pain in patients with chronic 
haemolysis or other predisposing factors should prompt immediate 
biliary evaluation.

Presentation in the postpubertal population is similar to that in 
adults. Pain is usually dull and subcostal in location and may radiate to 
the subscapular region. Fatty food intolerance with associated nausea 
and vomiting may be present. 

In children with chronic cholecystitis and cholelithiasis, the physical 
examination is often normal. Patients with acute cholecystitis may show 
elevated temperature, signs of dehydration, nausea, and right upper 
abdominal tenderness and muscle guarding. Some patients may have 
a tender, palpable mass (Murphy’s sign). Laboratory findings include 
leukocytosis and elevated serum direct bilirubin, alkaline phosphatase, 
and glutamyl transferase levels. Because pancreatitis can occur in 10% of 
such patients, serum amylase and lipase level should be monitored as well. 

Diagnosis
Most gallstones in children are radiolucent, and US is the diagnostic 
modality of choice. Ultrasound diagnosis (Figure 83.1) of stones 
requires the presence of moveable, echogenic structures within the 
gallbladder, with associated shadowing. Sludge is a fluid substance that 
on US examination can be seen layering out in the dependent portion 
of the gallbladder. An US finding of an impacted stone at the ampulla, 
associated gallbladder wall thickening, or localised pericholecystic 
fluid support the clinical diagnosis of acute cholecystitis.

Common bile duct dilatation suggests choledocholithiasis, and 
confirmatory endoscopic retrograde cholangiopancreatography (ERCP) 
or operative or transhepatic cholangiography may be required. 

Figure 83.1: Ultrasound of an 8-year-old sickle cell disease girl with gallstone.	  

Differential Diagnosis
Hydrops of the Gallbladder
Acute distention of the gallbladder with oedema of the gallbladder wall 
has been reported in association with septic or shocklike states, severe 
diarrhoea with dehydration, hepatitis, scarlet fever, Kawasaki disease, 
leptospiroses, and mesenteric adenitis. Hydrops is suspected if a pal-
pable mass of the gallbladder is confirmed by US. Generally, hydrops 
resolves spontaneously. If symptoms intensify, cholecystectomy may 
be necessary.

gallstone
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Acalculous Cholecystitis
Acalculous cholecystitis may occur as a complication during treatment 
of various disease states. This condition may occur in newborns, but 
it is more common in older children. Patients are often severely ill 
and sometimes intubated in an intensive care unit, so early manifesta-
tions of the disease are not evident. The most common presentation 
is deterioration and signs of sepsis in a previously stable patient. The 
diagnosis is confirmed by US, which demonstrates gallbladder disten-
tion and intraluminal echogenic debris. Treatment in mild cases can be 
conservative with antibiotics, but if the patient’s condition deteriorates, 
cholecystectomy should be performed. If the patient is very ill, percuta-
neous or open cholecystostomy may be useful as a temporary measure.
Biliary Dyskinesia
Biliary dyskinesia is a distinct clinical entity that occurs primarily 
in older children and adults. It is characterised by poor gallbladder 
contractility and the presence of cholesterol crystals in the gallbladder 
bile. There is often a delay in diagnosis in patients with this condi-
tion because US does not show cholelithiasis. Biliary dyskinesia is 
diagnosed with a cholecystokinin-stimulated hepato-iminodiacetic acid 
(HIDA) scan that shows poor biliary excretion. 

Other differential diagnoses of right upper quadrant pain are 
acute appendicitis, peptic ulcer disease, inflammatory bowel disease, 
hepatitis, pancreatitis, intussusception, acute sequestration crisis, and 
malaria fever.

Treatment
Numerous nonoperative therapies were introduced for the management 
of gallstones, including dissolution of cholesterol gallstones with oral 
administration of chenodeoxycholic acid, the use of extracorporeal 
shock-wave lithotripsy, and percutaneous endoscopic cholecystolithot-
omy. These therapies have been all but abandoned. In developed coun-
tries and in some developing countries, laparoscopic cholecystectomy 
has become the preferred standard for the management of symptomatic 
children with cholelithiasis.1,4,6,7 

Preoperative ultrasound is performed on each patient to confirm 
the diagnosis of cholelithiasis and to evaluate the presence or 
absence of common duct involvement. In developed countries, if 
choledocholithiasis is suspected on initial evaluation, ERCP and 
sphincterotomy are recommended before laparoscopic cholecystectomy. 
The expertise to remove the stones endoscopically is not available in 
all children’s hospitals, however. If choledocholithiasis is documented 
and the stones cannot be removed endoscopically, the surgeon must 
decide whether to proceed with laparoscopic cholecystectomy and 
laparoscopic choledochal exploration or to perform an open operation.
Laparoscopic Cholecystectomy
Laparoscopic cholecystectomy is now the standard method for chole-
cystectomy for children in more developed locations. Since the tech-
nique is so technologically dependent, however, it is not appropriate 
for resource-poor locations that do not have a dependable supply of 
electricity or the money to purchase enough equipment to have reserve 
supplies whenever there is a malfunction of the primary equipment (a 
frequent occurrence, even in developed locations). There is a very steep 
learning curve for this procedure, and the complications of injury or 
ligation of the common bile duct are often catastrophic. Therefore lapa-
roscopic cholecystectomy is recommended only for the most advanced 
African hospitals with excellent equipment and supplies. It is quite 
important that all surgeons undertaking laparoscopic cholecystectomy 
know how to expertly perform open cholecystectomies and common 
bile duct explorations. 

Procedure
General endotracheal anaesthesia is administered with a muscle relax-
ant to assist with the pneumoperitoneum. The abdomen is prepared and 
draped in a sterile fashion.

1. A 10-mm incision is made in a vertical direction through the 
umbilical skin and carried down through the umbilical fascia with a 
cautery. 
2. A 10-mm port is introduced directly into the abdominal cavity. 
3. A pneumoperitoneum is created with insufflation of CO2 up to a 
maximum pressure of 15 mm Hg.
4. The other ports are introduced under telescopic vision after creation 
of the pneumoperitoneum. The position of the other incisions and 
ports varies according to the patient’s size. It is important to place 
these ports widely in the younger patient because the intraabdominal 
working space is reduced. Two 3- or 5-mm ports are placed on the 
right side of the abdomen, one below the right costal margin and one 
in the right mid to lower abdomen. 
5. The fourth incision is 5 mm (or 10 mm if a 10-mm endoscopic clip 
applier is required), and it is situated in the epigastric region in the 
older child or to the left of the midline in the younger child.
6. The fundus of the gallbladder is grasped with a grasping forceps 
that has been introduced through the lower, lateral cannula, and the 
gallbladder is retracted superiorly and ventrally over the liver. 
7. The infundibulum is retracted to the patient’s right using the right 
upper port for access. This allows the cystic duct to enter the common 
duct as close to a 90° angle as possible. If the infundibulum is retracted 
cephalad instead, the cystic duct approaches the common duct, and 
injury or ligation of the common duct is more likely to occur.
8. The cystic duct is skeletonised. Cholangiography often is not 
necessary, but if it is, it can be performed at this point by making an 
incision in the cystic duct and introducing a cholangiogram catheter. 
9. If a cholangiogram is not performed, or after it is performed, the 
cystic duct is triply clipped and divided between the proximal clips and 
the distal third clip, leaving two clips on the cystic duct stump and one 
clip on the duct next to the gallbladder so that bile will not be leaking 
during the rest of the case.
10. The cystic artery is triply clipped and divided in a similar fashion 
in Calot’s triangle.
11. The gallbladder is dissected from its liver bed in a retrograde 
fashion with a hook or spatula cautery. Before complete detachment 
of the gallbladder from the liver, the area of the dissection is inspected 
carefully and haemostasis is achieved. The gallbladder is detached 
completely from its liver bed.
12. The telescope is moved from the umbilical port to the cannula of 
the epigastric port.
13. The gallbladder is removed through the umbilical cannula or 
through the fascial defect if it is necessary to remove the cannula.
14. The dissected area is inspected again and haemostasis assured. 
Ports and instruments are removed, and the incisions are closed.

Advantages
The advantages of the laparoscopic approach include less operative 
discomfort, reduced hospitalisation, and early return to full activ-
ity.7,8 Laparoscopic cholecystectomy decreases the chance for wound 
infection, a common complication following open cholecystectomy 
in developing countries. Even sickle cell disease children can benefit 
from laparoscopic cholecystectomy if the following rules of general 
anesthesia are respected: preoperative transfusion or blood exchange 
and the prevention of pain, hypovolaemia, hypothermia, and acidosis 
during the perioperative period. 
Open Surgery
Using a right subcostal incision, the same steps as for the laparoscopic 
cholecystectomy can be performed. In cases of acute cholecystitis, the 
cystic duct may be difficult to visualise. In these instances, the gallblad-
der can be taken down in a prograde direction (from fundus to ampulla) 
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before ligating the cystic duct and artery. This more safely identifies the 
junction of the gallbladder and cystic duct and minimises the chance of 
damage to the common bile duct. 

Complications
Significant complications have been reported in laparoscopic chole-
cystectomies. There is a definitive learning curve with a significant 
decrease in complications with increased operator experience. Bile 
duct injuries have been reported in 0.1–2.3% of patients, and bile leak 
in 1.5–2.0% of patients.1

In sickle cell disease children, postoperative complications include 
acute chest syndrome, haemolysis, and vaso-occlusive crisis.6

1. Jaundice may occur intermittently in haemolytic cholelithiasis 
(sickle cell disease) children because of haemolysis; therefore, 
common bile duct calculi are not necessarily present.

2. Jaundice and fever in infants with any other disposing factor 
(ileal resection, fasting, dehydration, parenteral nutrition, 
necrotising enterocolitis, biliary tract anomalies, polycythaemia) 
should prompt evaluation for stones.

3. It is important before surgery to rule out choledocholithiasis by 
ultrasound.

4. In sickle cell disease, cholecystectomy is currently not 
recommended unless symptomatic, and cholecystectomy 
should be performed electively rather than as an emergency 
procedure during a haemolytic crisis.
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Introduction
Annular pancreas (from the Latin annularis, meaning ring-shaped) is a 
rare congenital disorder of the pancreas first recognised by Tiedeman 
in 1818. This abnormality, although at times clinically silent, may be 
the cause of a broad spectrum of disease. Complications range from 
neonatal intestinal obstruction to more complex pathologies in the 
adult. In cases of neonatal obstruction, annular pancreas is an impor-
tant structural and anatomical cause that must be identified and treated 
appropriately. Currently, the majority of cases are diagnosed early in 
life, and prenatal diagnosis is becoming increasingly important.

Demographics
The incidence of this congenital anomaly is reported as 1–3 in 20,000,1,2 
and some studies have shown that it is more common in males. 
Detection of the condition is variable, as it may be asymptomatic and 
therefore detected only incidentally or at postmortem. However, the 
vast majority of cases are diagnosed either prenatally or in the first 
few days of life. If the condition is not diagnosed prenatally or does 
not present with complications in early life, it may be undetected until 
adulthood. The detection of an annular pancreas may occur at any time 
during adulthood (presentation age shows a bell-shaped distribution1), 
and may be discovered either incidentally or after presentation due to a 
complication such as pancreatitis.

There is a strong association between annular pancreas and 
other congenital abnormalities—up to 71% of cases have coexisting 
congenital anomalies.1 The most common association is with Down 
syndrome. However, there may be a wide range of associated cardiac 
and gastrointestinal anomalies (including Hirschsprung’s disease 
and imperforate anus), as well as tracheo-oesophageal fistula and 
oesophageal atresia.3

Aetiology and Pathophysiology
Annular pancreas is an embryological defect of the foregut. Development 
of the pancreas begins during week 5 of gestation. One dorsal and two 
ventral buds develop from the primitive foregut. By week 7, the ventral 
bud rotates with the gut to fuse with the dorsal bud, after passing behind 
the duodenum. The dorsal bud forms the body and tail of the pancreas, 
and the ventral bud forms the inferior part of the pancreatic head and 
the uncinate process. Fusion of the buds forms the main pancreatic duct. 

Several theories have been proposed to explain the development 
of annular pancreas. One theory suggests that the tip of the ventral 
bud fuses abnormally to the duodenum, therefore rotating incorrectly 
around the duodenum and resulting in a band of fibrous or pancreatic 
parenchymal tissue around the second part of the duodenum.1 An 
alternative theory posits that hypertrophy of the dorsal and ventral buds 
results in a complete band of pancreatic tissue around the duodenum (a 
complete ring is found in approximately 25% of the cases4).

Clinical Presentation
History
The diagnosis of annular pancreas may be made prenatally, upon 
emergency presentation, or incidentally after imaging, at operation, or 
postmortem. If the band of pancreatic tissue causes a duodenal obstruc-
tion, symptoms may appear within the first few hours of life. Signs of 
neonatal intestinal obstruction may initially be nonspecific, including 
poor feeding, vomiting, and irritability. If proximal to the ampulla of 
Vater, vomiting may be nonbilious, and therefore could be confused 
with less severe, non–life-threatening conditions. 

The nature of presentation differs according to patient age, although 
most presentation occurs most commonly in infancy or early childhood. 
Children frequently present with gastrointestinal (GI) symptoms, 
including poor feeding, vomiting, and abdominal distention. In Africa, 
most patients present late, with malnutrition, failure to thrive, bile-
stained vomiting, and—less frequently—abdominal cramps.

Of note is the fact that adults are much more likely to describe upper 
abdominal pain or present acutely with pancreatitis.1 Complications 
arising due to the presence of an annular pancreas are a rare cause of 
neonatal or childhood presentation, but must be kept in mind, as cure 
requires identification and treatment of the abnormality. 
Physical
Clinical examination findings will vary according to the age at presen-
tation and the extent of systemic upset. For some patients, access to a 
hospital may be difficult—this includes patients whose presentation is 
delayed by parents and those who have to travel long distances to reach 
the hospital. These patients will likely be more unwell at presentation 
and may even die before they reach the hospital.

When presenting as intestinal obstruction, the abdomen will 
be distended (before decompression), and there may be palpable 
peristalsis. Bowel sounds are variable. If presentation is delayed, there 
may be clinical signs of hypovolaemic shock, including pallor, poor 
capillary refill, and drowsiness or lethargy.
Investigations
Prenatal diagnosis
It is becoming increasingly possible to detect the presence of annu-
lar pancreas in foetal life (2nd trimester). A nonspecific diagnosis of 
duodenal obstruction can be made prenatally with identification of 
simultaneous dilatation of the stomach and duodenum—the “double 
bubble” sign.4 This does not predict the specific cause of the duodenal 
obstruction, and certainly is not specific to the diagnosis of annular pan-
creas. Indeed, presence of an annular pancreas is the cause in only 1% 
of cases of neonatal duodenal obstruction.5 Therefore, there is a search 
for more specific prenatal markers of annular pancreas. Several groups 
have shown that the presence of hyperechogenic bands around the duo-
denum specifically indicates the presence of an annular pancreas.4 This 
finding can now be used to specifically detect the presence of annular 
pancreas during foetal life.
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Imaging modalities
Abdominal radiography
The plain abdominal radiograph will not provide diagnostic struc-
tural information about the pancreas, in part due to the lack of tissue 
contrast. Cross-sectional imaging modalities are much more useful in 
delineating the precise anatomy of this area. However, if obstruction is 
complete, duodenal obstruction classically appears as a double bubble 
on abdominal radiograph. This represents dilatation of the stomach 
(seen in the left upper quadrant) and proximal duodenum (seen in the 
right upper quadrant). A double bubble on abdominal radiograph is suf-
ficient to diagnose a complete duodenal obstruction. However, an upper 
gastrointestinal contrast radiograph is helpful for diagnosing a partial 
duodenal obstruction.
Ultrasonography
The use of ultrasonography (US) allows a real-time evaluation of the 
paediatric pancreas, without the use of ionising radiation and usually 
without the need for sedation. This modality provides a safe, relatively 
cheap, and often readily available technique for imaging the paediatric 
pancreas. The reduced body wall thickness of the child, in combination 
with the anatomical “window” provided by the liver, ensures that a 
better quality of pancreatic image is obtained in the child, as compared 
to the adult.3

Computed tomography
The lack of intraabdominal fat in children, combined with the often thin 
band of pancreatic tissue around the duodenum, may make identifica-
tion of the annular pancreas with computed tomography (CT) difficult. 
Despite this, detection rates can be greatly improved with a specific, 
intravenous (IV)-contrast-enhanced, pancreatic study.3,6 CT may also 
highlight extrinsic compression of the duodenum, which must be dif-
ferentiated from thickening of the wall of the duodenum. CT may be 
used for further investigation of abnormalities detected with ultrasound 
imaging.
Magnetic resonance imaging
Magnetic resonance imaging (MRI) is an alternative to CT imaging 
for evaluation of the pancreas. Combined with magnetic resonance 
cholangiopancreatography (MRCP), it allows detailed imaging of the 
biliary system.3

Typically, the exact cause of the duodenal obstruction is not known 
until surgical exploration.

Management
In clinically silent cases of annular pancreas, no specific intervention 
is required. Specific management will depend upon the nature of the 
complication or symptoms caused by the annular pancreas.
Duodenal Obstruction
Ultimately, urgent surgical intervention is required in cases of duode-
nal obstruction, even if the precise cause of the obstruction is unclear. 
Initially, however, management must include decompression with a 
nasogastric tube and fluid resuscitation. It is appropriate for patients 
to be transferred to a special care/high dependency unit, if available, 
where appropriate monitoring and interventions can be instigated. 
Delayed presentation may result in significant systemic upset, and it is 
vital that adequate resuscitation be carried out before surgery. Prior to 
surgery, fluid and electrolyte resuscitation is an absolute requirement.

The management of duodenal obstruction in the presence of 
annular pancreas requires surgical bypass of the obstruction with 
duodenoduodenostomy, or duodenojejunostomy. Laparotomy may 
be required to determine the cause of obstruction if this is not 
specifically identified on preoperative imaging. Tapering of the bowel 
is not necessary, even if the proximal segment is grossly dilatated. 
Transanastamotic nasogastric tubes may be necessary in centers where 
parenteral nutrition is not available, due to the delay in enteral feeding 
as a result of the dilatated proximal segment.

Prognosis and Outcomes
Successful treatment of neonatal intestinal obstruction requires rapid 
identification, resuscitation, and definitive management. In addition 
to the technical skill required to bypass the obstruction caused by 
abberant pancreatic tissue, appropriate perioperative care is required to 
ensure a successful outcome after surgery. Surgical treatment of annu-
lar pancreas has an excellent prognosis,7 as long as there is sufficient 
appropriate perioperative and postoperative care. This includes appro-
priately trained anaesthetic staff, ventilatory support, and the facility for 
parenteral nutrition.8

Ultimately, and despite appropriate surgical intervention to relieve 
duodenal obstruction if present, the outcome may be affected by the 
presence of severe associated congenital abnormalities.

Prevention
With the improvement in prenatal diagnosis—in particular, the identifi-
cation of specific markers for annular pancreas—detection of this con-
genital abnormality can be optimised. Although it cannot be prevented, 
earlier identification of complications—in particular, intestinal obstruc-
tion—will help to ensure that appropriate treatment can be instigated as 
soon as possible. 

Evidence-Based Research
Table 84.1 presents a retrospective review of cases of annular pancreas 
for a period of 10 years.

Title Annular pancreas in children: a recent decade’s 
experience

Authors  Jimenez JC, Emil S, Podnos Y, Nguyen N

Institution Division of Pediatric Surgery, Irvine Medical Centre, 
Orange, California, USA; Department of Surgery, Miller 
Children’s Hospital, Long Beach, California, USA

Reference J Pediatr Surg 2004; 39(11):1654–1657

Problem A 10-year review of clinical, radiological, and 
prognostic findings in patients with annular pancreas.

Intervention Retrospective review of all cases of annular pancreas 
between 1993 and 2002

Outcome/effect All patients required surgical intervention, and all 
patients survived to be discharged from hospital (mean 
stay, 24 days).

Historical 
significance/
comments

This paper highlights the rarity of this condition and 
its association with other congenital abnormalities. 
Despite the high percentage of concurrent 
abnormalities, all patients survived and were 
discharged from the hospital.

Table 84.1: Evidence-based research.
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1. Annular pancreas is a rare congenital structural abnormality of 
the primitive foregut.

2. There is a strong association between annular pancreas and 
other congenital abnormalities, particularly Down syndrome.

3. The spectrum of disease that may be caused by annular 
pancreas is broad.

4. Diagnosis may be made prenatally with evidence of duodenal 
obstruction. More specific markers for prenatal detection of 
annular pancreas are currently under investigation.

5. A plain abdominal radiograph will show evidence of duodenal 
obstruction, but ultrasound or cross-sectional imaging 
techniques are required to specifically identify annular 
pancreas.

6. Urgent surgical intervention is required in cases of duodenal 
obstruction caused by annular pancreas. Surgery is 
not required to correct annular pancreas if there are no 
complications caused by its presence.

7. Prognosis after surgery for duodenal obstruction is good; 
however, overall outcome will also be affected by the severity of 
associated congenital anomalies.

Key Summary Points
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Introduction
Pancreatitis is defined as inflammation of the pancreas (Figure 85.1). 
It is a rare, but significant, cause of disease in children. This relative 
rarity in childhood, compared to that in adulthood, may have previ-
ously resulted in the underestimation of its significance, and, indeed, to 
underestimation and underreporting of its true incidence.

The disease is divided into acute and chronic pancreatitis, conditions 
that show contrasting patterns of aetiology, clinical presentation, 
and outcome. Acute pancreatitis is defined as sudden, reversible 
inflammation of the pancreas. Chronic pancreatitis is the irreversible 
result of persistent inflammation and is associated with destruction and 
infiltration of normal pancreatic tissues.

Despite its relative rarity, pancreatitis continues to cause significant 
morbidity and mortality throughout the world. Prognosis is variable, 
according to the severity of the disease, but episodes of acute 
pancreatitis in children are usually mild and associated with a good 
prognosis. Research continues into the precise pathogenesis of this 
disease. However, it is most important that this condition be considered 
and excluded when appropriate.

Demographics
The incidence of both acute and chronic pancreatitis in childhood is 
low. Recent studies have reported the incidence of acute pancreatitis as 
approximately 1 in 50,000 in the United States.1 An apparent increase in 
incidence over the past few decades may reflect either a true increase in 
disease prevalence or increased awareness and diagnosis of the disease. 

Aetiology/Pathophysiology
The aetiology of pancreatitis in childhood is diverse. There is a definite 
contrast between the most common causes of pancreatitis in adults 
(namely, gallstones, alcohol, and—increasingly —hypertriglyceridae-
mia) and the causes of pancreatitis in children. 
Acute Pancreatitis
Two of the most common causes of acute pancreatitis in children are 
blunt abdominal trauma and multisystem disease.2 Other causes include 
drugs and toxins (including alcohol), infections, idiopathic causes, and 
congenital abnormalities. It has previously been reported that acute 
pancreatitis diagnosed in children under the age of 3 years is always 
associated with a concurrent systemic disease process.3 In cases of 
trauma, it is important to also consider nonaccidental injury. Goh et al.4 
reported 12 cases of acute pancreatitis seen in their institution over a 
4-year period. Two of the 5 cases attributable to trauma were a result 
of nonaccidental injury.4

More than 85 drugs have been reported to cause acute pancreatitis.5 
Important examples include the nucleoside analogues didanosine (up 
to 23% of cases5) and zalcitabine, used in the treatment of human 
immunodeficiency virus (HIV); cytotoxic drugs, such as L-asparaginase; 
and immunosuppressive drugs, such as azathioprine and mercaptopurine 
(3–5% of cases5). Other drugs associated with acute pancreatitis include 
analgesics (paracetamol, salicylates); thiazides; sodium valproate; 
corticosteroids; and antibiotics (tetracyclines and erythromycin).

A wide variety of infections (bacterial, viral, and parasitic) also have 
been associated with acute pancreatitis. These include mycoplasma, 
Epstein-Barr virus (EBV), cytomegalovirus (CMV), influenza A, 
mumps, measles, rubella, malaria, ascariasis, cryptosporidium, and 
leptospirosis. Multisystem diseases implicated with acute pancreatitis 
include systemic lupus erythematosus (SLE), Henoch-Schönlein 
purpura (HSP), Kawasaki disease, Reye’s syndrome, and haemolytic-
uraemic syndrome.

Congenital abnormalities of the pancreas, biliary tree, or alimentary 
system (including pancreas divisum, annular pancreas, pancreatic 
duct obstruction, choledochal cysts, and enteric duplication cysts) 
lead to periampullary obstruction and therefore may contribute to the 
development of acute pancreatitis.6

The process of inflammation within the pancreas involves both 
pancreatic acinar cell injury and premature conversion of trypsinogen 
to trypsin in the pancreas. This proenzyme is normally activated in 
the duodenum by enterokinase or trypsin. However, autodigestion and 
pancreatic cell damage will occur if autoactivation takes place within 
the pancreas. Pancreatic trypsinogen is stored in close association 
with other proenzymes, and its untimely activation may result in an 
uncontrolled production of other digestive enzymes.2 
Chronic Pancreatitis
Chronic pancreatitis is more commonly seen in adults, particularly 
those with a history of alcohol misuse. However, this disease also 
occurs in childhood, and one of the most common causes of chronic 
pancreatitis in children—tropical calcific pancreatitis—occurs in the 
developing world. This is also known as tropical pancreatitis, juvenile 
tropical pancreatitis syndrome, tropical calculous pancreatopathy, or 
nutritional pancreatitis.7 Other causes of chronic pancreatitis include 
cystic fibrosis, fibrosing pancreatitis, hereditary chronic pancreatitis, 
and inborn errors of metabolism. 

Figure 85.1: Normal anatomy of the pancreas. 	  
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Several hypotheses have been proposed to explain the pathophysiology 
of chronic pancreatitis. The necrosis-fibrosis hypothesis8 suggests that 
repeated episodes of acute inflammation lead to fibrosis of pancreatic 
tissues. Another theory suggests that a single, severe, pathological 
incident is the critical factor for development of chronic pancreatitis. 
This event is significant enough to result in attraction of monocytes and 
subsequent infiltration, differentiation, and proliferation of pancreatic 
stellate cells.9 Fibrosis is associated with chemokine and cytokine 
release, caused by recurrent cell injury.

Furthermore, work is currently under way to investigate the role of 
genetic mutations in the development of chronic pancreatitis. Mutations 
in the cationic trypsinogen gene, cystic fibrosis transmembrane 
conductance regulator (CFTR), and serine protease inhibitor Kazal 
type 1 (SPINK1) are all currently under investigation.2

The most common mutations in the cationic trypsinogen gene 
are mutations R122H and N291. These cause hereditary pancreatitis, 
and most patients develop chronic pancreatitis within 10 years of the 
onset of the initial disease. Both CFTR and SPINK1 mutations act 
in combination with other mutations and environmental factors to 
predispose individuals to development of pancreatitis. There are more 
than 1200 known mutations in the CFTR gene, which encodes a protein 
found in the apical membrane of pancreatic duct cells. This gives rise 
to a spectrum of disease from mild to severe, and a number of different 
mutation combinations predispose to development of pancreatitis. The 
SPINK1 mutation predisposes to idiopathic chronic pancreatitis. Ninety 
percent of individuals with this mutation will develop pancreatitis 
before the age of 20 years.2 This mutation is thought to increase 
susceptibility to recurrent acute and chronic pancreatitis, especially in 
patients with multiple genetic mutations and exposure to environmental 
risk factors.6

Clinical Presentation
The diagnosis of pancreatitis relies upon clinical suspicion, laboratory 
results, and radiographic evidence. However, in the initial stages of the 
disease, the clinical presentation may provide important clues as to the 
nature of the disease. Correct interpretation of relevant features in the 
history and clinical findings will allow more rapid diagnosis and insti-
gation of resuscitation and therapeutic measures.
History
There may be great variety in clinical presentation. If able, the patient 
with acute pancreatitis may describe increasingly severe abdominal 
pain (usually, but not exclusively, in the epigastrium and upper abdo-
men) of either sudden or gradual onset. This may radiate to the left or 
right upper quadrants, and is exacerbated by foods (particularly high-
fat foods) and movement. Classically, in adults the pain radiates to the 
back; however, this is rare in children, and has not been reported in 
60–90% of childhood cases.10,11 There is often a history of nausea and 
vomiting. Behavioural clues may include the child who lays very still, 
or who positions himself on hands and knees to relieve pain.6

The patient with chronic pancreatitis may describe a severe, 
constant, epigastric pain, radiating to the back. This may be relieved 
by sitting forward and worsened by eating. The pain is often associated 
with nausea and vomiting. As the disease progresses, pain may 
decrease. The patient may also describe greasy, bulky stools and weight 
loss. With loss of pancreatic endocrine function, patients develop 
diabetes, which is notoriously difficult to control.
Physical Examination
At acute presentation, patients may be dehydrated, and there may be an 
element of systemic upset with tachycardia, hypotension, and pyrexia. 
Severe cases with respiratory compromise may show reduced oxygen 
saturations. The abdomen may be distended, and there may be abdomi-
nal tenderness (particularly in the upper abdomen) and guarding. There 
may also be rebound tenderness, and bowel sounds may be reduced.

Patients with chronic pancreatitis may show evidence of other 
multisystem or genetic diseases, such as cystic fibrosis.

Investigations
Simple laboratory investigations can help in the diagnosis of acute 
pancreatitis: 
• Serum amylase levels increase within 12 hours of onset of inflam-
mation, and this elevation may persist for up to 5 days.6 Prolonged 
elevation may suggest the presence of a pancreatic pseudocyst or 
other complication. 

• Elevation of serum lipase also indicates acute pancreatitis. 
Serum levels may remain elevated for longer than serum amylase. 

It is considered diagnostic when levels of amylase or lipase are 
raised three times above normal; however, these markers are not 
specific. In addition, the destruction of pancreatic tissue in chronic 
pancreatitis may result in a normal amylase level despite the presence 
of disease. In children, serum amylase is less sensitive and specific 
for pancreatitis than it is in adults. In one study, 40% of children with 
proven pancreatitis had a normal serum amylase.12 Indeed, many other 
conditions may cause a raised serum amylase, including appendicitis, 
intestinal obstruction, disorders of the salivary glands, and renal 
failure.6 If possible, it may also be helpful to determine the specific 
isoenzyme of amylase that is present in order to precisely identify its 
source.

Patients may also develop hypocalcaemia or hyperglycaemia, 
occasionally severe and symptomatic.

Imaging
Imaging is important in pancreatitis for initial diagnosis, identification 
of complications, and subsequent follow-up.
Plain Film Radiography
Abdominal x-ray (AXR; see Figure 85.2) may show a sentinel loop 
(single dilated loop of bowel), dilated loops of duodenum, or loss of the 
psoas muscle shadow. In up to 20% of cases, chest x-ray (CXR) may 
show unilateral or bilateral pleural effusions.13

Ultrasonography
Ultrasonography (US) is an inexpensive and often readily available 
imaging modality that may be useful in establishing the diagnosis of 
pancreatitis without exposing the child to ionising radiation. It also 
allows evaluation of other abdominal organs in a patient who presents 
with acute abdominal pain of unknown aetiology. US imaging may 
be extremely useful in combination with clinical examination and 
simple laboratory tests. In the case of pancreatitis, the pancreas may 
be enlarged and oedematous, with altered echogenicity. There may be 
biliary sludge, gallstones, or dilated common bile duct or intrahepatic 
ducts, suggesting an obstructive cause.2 The presence of calcification 
may suggest chronic pancreatitis. US may also reveal structural abnor-
malities, such as pancreas divisum, annular pancreas, or a choledochal 
cyst.
Computed Tomography
Computed tomography (CT) scans can be useful in both confirmation of 
the diagnosis of pancreatitis and identification of subsequent complica-
tions. In addition, it can exclude other serious intraabdominal causes of 
pain that may be confused with pancreatitis, including damage caused 
by trauma and mesenteric infarction. In acute pancreatitis (Figure 85.3), 
the pancreas may be enlarged, with decreased echogenicity. Chronic 
pancreatitis shows calcification (see Figure 85.4).
Endoscopic Retrograde Cholangiopancreatography
Although rarely used during an acute episode of pancreatitis, endoscop-
ic retrograde cholangiopancreatography (ERCP) may identify structural 
causes of recurrent pancreatitis and allow for therapeutic intervention 
at the time of diagnosis.
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Magnetic Resonance Cholangiopancreatography
Magnetic resonance cholangiopancreatography (MRCP) provides 
detailed imaging of the biliary tract without the need for an invasive 
procedure or exposure to ionising radiation. MRCP is frequently carried 
out in adults and has great potential for use in children.

Management
Acute Pancreatitis
Initially, management of acute pancreatitis must be supportive and 
symptomatic. This disease is commonly divided into mild and severe 
forms. Close monitoring is essential, as patients may deteriorate rapid-
ly. This includes a strict fluid balance—patients may require consider-
able fluid resuscitation to counteract fluid losses into the “third space”. 
Adequate analgesia is also essential. If the patient is vomiting, insertion 
of a nasogastric tube may increase patient comfort and significantly 
reduce the risk of such complications as aspiration.

In addition to these measures, resting the gut by making the patient 
nil by mouth for several days may promote recovery in mild cases 
of acute pancreatitis. These patients will require appropriate fluid 
management, with maintenance fluids in addition to resuscitation 
fluids. If recovery is prolonged, patients may require parenteral or 
jejunal nutrition. Unless pancreatic infection is suspected, it is not 
necessary to administer antibiotics.

In severe cases, patients may require much more intensive 
management, including high-dependency or intensive care.

Surgical intervention is required only in cases of acute pancreatitis 
that have become complicated by pancreatic necrosis. These cases 
require debridement of the necrotic tissue in an attempt to prevent 
secondary infection.
Chronic Pancreatitis
The management of chronic pancreatitis, once initial resuscitation and 
appropriate analgesia have been implemented, must focus on determin-
ing the aetiology and monitoring the disease consequences and compli-
cations. Pathological conditions, such as cystic fibrosis, other genetic 
mutations, and autoimmune diseases, must be excluded with genetic 
testing, if appropriate. Pancreatic imaging must be used to exclude 
structural abnormalities. 

There may be functional implications of chronic pancreatitis. When 
pancreatic cell damage is sufficiently extensive, there will be a loss 
of endocrine (leading to diabetes mellitus) and exocrine (resulting 
in malabsorption) functions. These patients must be installed in a 
programme of follow-up, and they or their caregivers must receive 
appropriate education about their disease and its consequences. 

Surgical intervention is usually indicated in chronic pancreatitis 
only for the relief of severe, persistent pain. These procedures aim 
to improve drainage of the pancreatic ducts and may also prevent 
disease recurrence in children.1 This may be approached either 
endoscopically, with stent placement, or at open operations, such as 
lateral pancreaticojejunostomy.

Severity Scoring
In adults, a number of different scoring systems are used to assess the 
severity of acute pancreatitis. These scores are not absolutely transfer-
able to children, but one group has compared a scoring system designed 
specifically to paediatric patients with these adult scoring systems.14 
This system compares eight variables to predict severe outcome and 
mortality during an episode of acute pancreatitis, and has been shown to 
have greater sensitivity and negative predictive value compared to the 
Ranson and Glasgow scoring systems. The factors considered were age 
(<7 years), weight (23 kg), admission white blood cell count (>18.5 × 
109/L), admission LDH (>2000 IU/L), 48-hour trough albumin, 48-hour 
fluid sequestration, and 48-hour rise in blood urea nitrogen. Each fac-
tor is allocated a score of 1 point, and higher total scores are associated 
with an increased chance of severe pancreatitis and mortality. Scores of 

Figure 8.2: Abdominal x-ray showing pancreatic calcification.

Figure 85.3: CT scan showing acute pancreatitis.

Figure 85.4: CT scan showing chronic pancreatitis with calcification (arrows). 
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5–7 points showed 80% severe outcome and 10% mortality; 2–4 points 
showed 38.5% severe outcome and 5.8% mortality; and 0–2 points 
showed 8.6% severe outcome and 1.4% mortality.

Complications
It is very important that patients be monitored for signs of complica-
tions of pancreatitis. Pancreatic imaging must be considered in patients 
whose symptoms do not improve or get worse.
Acute Pancreatitis
Most reports of acute pancreatitis suggest that the disease is mild and 
has a good prognosis. Goh et al.4 reported that of a group of 12 patients, 
5 had radiological evidence of pseudocyst formation (4 of which had 
acute pancreatitis attributed to trauma). This is in agreement with other 
reports that suggest that pancreatic pseudocyst development occurs 
most commonly in children who have trauma-induced pancreatitis. 

In children, pseudocysts do not usually require surgical intervention 
and often resolve spontaneously. In the study by Goh et al.,4 2 patients 
developed pleural effusion, one of whom also developed pulmonary 
consolidation and coagulopathy, requiring administration of fresh 
frozen plasma. Pancreatic necrosis is rare in children; however, 
there have been reports of severe, haemorrhagic necrotic pancreatitis 
associated with very poor prognosis.

Recurrent episodes of acute pancreatitis may result in chronic 
pancreatitis, which has considerable implications for long-term 
morbidity and mortality.
Chronic Pancreatitis
Both local and systemic complications occur in chronic pancreatitis 
(Figure 85.5). Local complications include pseudocyst formation, 
splenic vein thrombosis, pseudoaneurysm, duodenal or common bile 
duct obstruction, pancreatic fistula, and the long-term complication of 
pancreatic adenocarcinoma.6 Systemic complications, as previously 
mentioned, include malabsorption and development of diabetes mellitus.

Figure 85.5: CT scan showing chronic pancreatitis with complications.

Figure 85.1: Evidence-based research.

Prognosis and Outcomes
Acute Pancreatitis
In uncomplicated episodes of acute pancreatitis, prognosis is very good 
and symptoms may settle within days. However, the prognosis varies 
considerably between mild and severe forms. Mortality in mild disease 
is approximately 10%, compared with up to 90% in severe necrotiz-
ing or haemorrhagic disease. It has been shown that recurrent acute 
pancreatitis occurs in up to 10% of children after an episode of acute 
pancreatitis. This is more likely to occur in children with other predis-
posing risk factors, however.14

Chronic Pancreatitis
The systemic implications of chronic pancreatitis may have a signifi-
cant impact upon the patient. The effects of irreversible loss of exocrine 
and endocrine pancreatic function may result in considerable morbidity. 
It has been shown that chronic pancreatitis is a risk factor for pancreatic 
adenocarcinoma, and a cohort study of patients with hereditary pancre-
atitis has reported an estimated cumulative risk of pancreatic cancer in 
these patients of 40% up to age 70.15

Prevention
As the onset of pancreatitis cannot be prevented, it is vital that this 
condition be considered in all children with acute abdominal pain and 
vomiting, especially those who may be at higher risk of the disease. 
These children include those who have known congenital abnormalities 
of the pancreas, are taking relevant medications, and have a known con-
genital abnormality of the pancreas or predisposing genetic condition. 
Early diagnosis, close monitoring, and appropriate follow-up will help 
to ensure a favourable outcome.

Evidence-Based Research
Table 85.1 presents a retrospective review of children with acute pan-
creatitis in a 4-year period.

Title Childhood acute pancreatitis in a children’s hospital

Authors Goh S-K, Chui C, Jacobsen A

Institution KK Women’s and Children’s Hospital, Singapore

Reference Singapore Med J 2003; 44(9):453–456

Problem Review of all cases of acute pancreatitis, including clinical 
and radiological findings and outcome.

Intervention Retrospective review of patients presenting with acute 
pancreatitis between 1998 and 2002.

Comparison/
control 
(quality of 
evidence)

Twelve cases were identified as having acute pancreatitis. 
Most presented with abdominal pain (n = 11) and vomiting 
(n = 7). The most common aetiological cause was trauma 
(n = 5).

Outcome/
effect

There was no mortality. Recurrence occurred in two 
patients, and one patient required surgical intervention. 
Mean hospital stay was 12.41 ± 4.54 days.

Historical 
significance/ 
comments

This paper describes the rarity of acute pancreatitis, but 
highlights its clinical significance and excellent prognosis.
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1. Pancreatitis (inflammation of the pancreas) is a rare but 
clinically significant cause of disease in children. It must be 
considered in all children presenting with abdominal pain and 
vomiting.

2. Acute pancreatitis is sudden, reversible inflammation of the 
pancreas.

3. Chronic pancreatitis is the irreversible result of persistent 
inflammation and is associated with destruction and infiltration 
of normal pancreatic tissues.

4. There is a broad spectrum of aetiology of pancreatitis; the 
aetiology is different in children and adults.

5. Imaging is important for initial diagnosis, identification of 
complications, and follow-up.

6. The management of acute pancreatitis is mainly supportive and 
symptomatic.

7. The management of chronic pancreatitis includes identification 
of causative factors, including cystic fibrosis, other genetic 
mutations, and autoimmune disease.

8. Episodes of acute pancreatitis are usually mild and associated 
with good prognosis. Complications such as pancreatic 
necrosis, however, are associated with high mortality (up to 
90%).

9. Early diagnosis, close monitoring, and appropriate follow-up all 
contribute to a good prognosis.

Key Summary Points
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Introduction
The spleen, once thought to be a nonessential organ, has important 
functions in bacterial clearance, antibody formation, phagocystosis, 
and haematopoiesis. Aside from trauma, surgical intervention is mainly 
limited to haematologic diseases that affect the function of the spleen.

Demographics
The most common functional disease of the spleen is found in sickle cell 
disease and thalassaemic children in Africa. Splenomegaly is present in 
21% of sickle cell disease patients in Nigeria.1 Lebanese sickle cell disease 
children have a high prevalence (28.9%) of persistent splenomegaly.2

Aetiology/Pathophysiology
The spleen develops alongside the pancreas from mesenchyme of the 
dorsal pancreatic bud and the dorsal mesogastrium. The splenic primor-
dium is first recognised at the 8–10 mm stage as a mesenchymal bulge in 
the left dorsal mesogastrium between the stomach and pancreas. By the 
fourth month of foetal life, the spleen produces both red and white cells, 
and it functions as a site of extramedullary haematopoiesis until approxi-
mately 1–2 months of age. This function gradually declines, as the spleen 
is rarely the site of clinically significant haematopoiesis in childhood.3,4

Anatomy and Function
Blood enters the spleen through segmental arteries that originate from 
the splenic artery and branch into trabecular arteries that eventually 
enter the white pulp. The white pulp consists of lymphocytes and mac-
rophages arranged in germinal centers around a central artery. The white 
pulp is thought to function as an immune screening area that processes 
foreign antigen and antigen-antibody complexes. Approximately 20% 
of splenic volume is white pulp, with the remainder contributing to red 
pulp. The red pulp acts as a phagocytic filtration system that digests 
defective blood elements, foreign material, and bacteria. Encapsulated 
bacteria can be removed from the bloodstream by the spleen because of 
its variable antigenicity. The spleen functions in red blood cell mainte-
nance, immune function, and as a reservoir.3,4

The spleen destroys red blood cells at the end of their life-span and 
repairs other damaged red cells. It selectively removes abnormal cells, 
such as spherocytes. As blood passes through the spleen, cellular and 
nuclear inclusion bodies are removed (i.e., Howell-Jolly bodies, Heinz 
bodies, and Pappenheimer bodies). After splenectomy, these inclusion 
bodies can be noted on peripheral blood smears.

The spleen’s primary immune function is related to antigen processing 
of T cells. It also performs nonspecific immune functions by removing 
particulate matter from the bloodstream, primarily via macrophages. 
The spleen contains opsonins, which further activate the complement 
system and facilitate the destruction of organisms. The spleen functions 
as a biologic filter, which can assist in the clearance of bacteria. The 
spleen is a significant reservoir for platelets and factor VIII in the 
human body. The proportion of platelets within the spleen increases with 
splenomegaly and can occasionally lead to thrombocytopaenia.

Clinical Presentation
Aside from infections, injury, and trauma, splenic disorders can be clas-
sified into anatomic and functional abnormalities. Anatomic abnormali-
ties are rarely the cause for surgical intervention, but may be associated 
with other surgical problems. Consequently, it is important for the pae-
diatric surgeon to be aware of these conditions. 

Congenital asplenia is usually associated with congenital heart 
disease, bilateral “right-sidedness” with bilateral three-lobed lungs, 
right-sided stomach, and a central liver. Patients with these disorders 
may have intestinal malrotation and are prone to overwhelming 
infections. Polysplenia, in which the spleen is divided into multiple 
splenic masses, may be associated with biliary atresia, preduodenal 
portal vein, situs inversus, cardiac defects, and malrotation.
Accessory Spleen
Accessory spleen is the most common anatomic abnormality, occurring 
in 13–30% of all children. Of those patients with accessory spleens, 
80% have one, 11% have two, and 3% have three or more accessory 
spleens.3,5,6 Nearly 75% of accessory spleens are located near the splenic 
hilum; the next location in terms of percentages is by the tail of the 
pancreas. Accessory spleens may also occur along the splenic artery, 
omentum, mesentery and retroperitoneum. When performing a splenec-
tomy, it is important to routinely examine for accessory spleens because, 
if missed, they can account for recurrence of idiopathic thrombocytopae-
nic purpura (ITP) or hereditary spherocytosis.
Wandering Spleen
Wandering spleen is an anatomic abnormality characterised by the lack 
of ligamentous attachments to the diaphragm, colon, and retroperitone-
um. The problem is related to a failure of development of the ligaments 
from the spleen to the dorsal mesentery. Children may present with epi-
sodic pain and abdominal mass from torsion and infarction of the spleen. 
Splenopexy is the preferred treatment; however, patients may require 
splenectomy for infarction. Among the variety of techniques of spleno-
pexy are an extraperitoneal pocket, absorbable mesh bag or basket, or 
suture splenopexy. Laparoscopic techniques have also been described.
Splenogonadal Fusion
During embryologic development, early fusion between the spleen 
and the left gonad can occur, causing what is known as splenogonadal 
fusion. This developmental abnormality is often found with limb or 
anorectal abnormalities, indicative of some sort of embryonic event 
occurring between weeks 5 and 8 of development. Three types of fusion 
have been described: continuous, discontinuous, and combined. In the 
first type, a continuous cord consisting of splenic or fibrous tissue con-
nects the spleen to the left gonad, typically originating from the upper 
pole of the spleen. The discontinuous type is characterised by ectopic 
splenic tissue fused to the left gonadal mesonephric structures, which 
are discrete from the spleen itself. The combined form is characterised 
by an extension of functioning splenic tissue without any actual con-
nection to gonadal tissue. Male patients with this disorder may have an 
undescended testicle or may be presumed to have an inguinal hernia. 
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Splenic tissue may be mistaken for a tumour attached to the testicle and 
in most cases may be safely dissected off the testicle, thereby avoiding 
an unnecessary orchiectomy.
Splenic Cysts
Benign splenic cysts are rare. When they are asymptomatic, they are 
typically found incidentally during imaging for another reason. Splenic 
cysts can be classified by appearance as uni- or multilocular, or by ori-
gin: congenital, infectious (parasitic), or posttraumatic. Congenital cysts 
are typically unilocular with a squamous (epithelial) or endothelial cell 
lining filled with clear fluid. Infectious cysts are typically parasitic, orig-
inating from echinococcus (hytadid cysts). Echinoccocal cysts should be 
handled carefully during removal, and total splenectomy may be neces-
sary in order to prevent rupture of the cyst. Posttraumatic cysts result 
from a resolving haematoma. Liquefaction of the haematoma forms a 
pseudocyst with a fibrous lining. Treatment for congenital or posttrau-
matic cysts is indicated only if they become symptomatic, which usu-
ally occurs at a size greater than 8 cm. Patients may present with pain, 
rupture, abscess of a previously uninfected cyst, or gastric compression. 
Treatment may consist of percutaneous drainage or sclerosis of the cyst 
cavity, but both congenital and posttraumatic cysts have a high rate of 
recurrence. Partial or total splenectomy may be necessary for primary 
treatment, or in treatment of recurrent symptomatic cysts.
Splenic Abscess
Splenic abscess is a rare occurrence in children, and usually is a result 
of secondarily infected haematoma, congenital or posttraumatic cysts, 
or an area of infarct. Patients with splenic abscess typically present with 
bacteraemia, fever, and left upper quadrant pleuritic pain, and they may 
be toxic. A computed tomography (CT) scan is usually diagnostic, and 
ultrasound may be useful as well. Unilocular abscesses can be drained 
percutaneously and combined with antibiotic therapy. Multilocular 
abscesses may respond to antibiotics alone. Patients with hemoglo-
binopathy and splenic infarct typically have infection with Salmonella 
species. Staphylococcus and streptococcus are more common in post-
traumatic infections. Fungal infection may occur in immunosuppressed 
patients who have negative blood cultures. Empiric antibiotics should be 
started as soon as the diagnosis is suspected and can be tailored to blood 
culture and abscess drainage cultures as the results become available.
Hyperactive Malarial Splenomegaly 
Hyperactive malarial splenomegaly (HMS) is thought to represent an 
immunological dysfunction of the spleen due to recurrent episodes 
of malaria. Specific criteria for the diagnosis are gross splenomegaly, 
high levels of antimalarial antibodies, IgM in serum at least two stan-
dard deviations above the local mean, and clinical and immunological 
response to antimalarial treatment. Detection of circulating malaria 
parasites by polymerase chain reaction (PCR) may represent a useful 
diagnostic tool.7 In hospitals that do not have access to these laboratory 
tests, the diagnosis is made by exclusion or response to treatment.
Functional Abnormalities
Abnormalities in splenic function can be categorised broadly as hyper-
splenism or hyposplenism. Hypersplenism refers to the inappropriate 
sequestration of blood elements within the spleen and may be a primary 
or secondary occurrence. Primary hypersplenism is generally caused 
by hereditary spherocytosis, elliptocytosis, and idiopathic thrombocy-
topenic purpura. Secondary hypersplenism is most commonly caused 
by portal hypertension, but any cause of splenomegaly can result in 
hypersplenism. Treatment of secondary hypersplenism may consist of 
splenic artery embolisation or ligation, although if these options are not 
available, splenectomy may be necessary.

Hyposplenism occurs with splenectomy or sickle cell disease with 
splenic infarcts and eventual involution, and it has also been seen with 
ulcerative colitis. These patients are at risk of infection by encapsulated 
organisms. Hyposplenism may be detected by Howell-Jolly bodies 

present in erythrocytes on peripheral blood smear, and patients may 
present with overwhelming sepsis. Early treatment with broad-spectrum 
antibiotics is essential in the face of sepsis if this diagnosis is suspected.
Hereditary Spherocytosis
Hereditary spherocytosis is an autosomal dominant hereditary disorder 
that is thought to be due to a spectrin deficiency. Spectrin is a cyto-
skeletal protein. The erythrocytes take on an abnormal spherical shape, 
have decreased cell wall flexibility, and are prematurely sequestered in 
the spleen. Index cases in a family may present with anaemia, jaundice, 
and splenomegaly; indirect hyperbilirubinaemia may occur in infants. 
The estimated incidence of spherocytosis in Algiers was reported as 1 
in 1,000, with approximately the same features among Algerians as in 
people of European heritage.8 It is very rare in sub-Saharan Africans and 
African Americans, with few literature reports.9,10

Diagnosis is made by demonstrating increased osmotic fragility of 
erythrocytes. Patients should also undergo a Coombs’ test to rule out 
other immune causes of haemolytic anaemia. An aplastic crisis can 
occur in affected children from a parvovirus B19 infection, which results 
in suppression of erythrocyte production and severe anaemia due to 
ongoing erythrocyte destruction. Splenectomy is generally recommended 
for moderate to severe anaemia. Pigmented gallstones are a common 
occurrence in patients with hemolysis, so a preoperative ultrasound 
should be performed so that a concomitant cholecystectomy can be 
planned, if necessary. Hereditary elliptocytosis is a similar disorder, but 
most patients are asymptomatic and rarely require splenectomy.
Idiopathic Thrombocytopaenic Purpura
ITP is an autoimmune disorder of unknown aetiology. Antiplatelet auto-
antibodies, typically IgG, bind to platelet-associated antigens and cause 
destruction of platelets via phagocytosis within the spleen. Acute ITP 
occurs most commonly in children younger than 10 years of age after an 
acute viral illness. Symptoms are related to the severe thrombocytopaenia 
that results. The majority of patients have an acute form of ITP, which 
can generally be treated conservatively with restricted activity, cortico-
steroids, and intravenous immunoglobulin (IVIG). Medical treatment 
is indicated for platelet counts below 40,000/mm3 or in older children 
with a higher risk of intracranial haemorrhage. Ten to twenty percent of 
patients with acute ITP will have persistence of their symptoms for more 
than 6 months, which is considered to represent chronic ITP. For patients 
who fail medical therapy, splenectomy may be an option, but failure to 
respond to either steroids or IVIG is also associated with a 70% chance of 
failure rate with splenectomy.3,11 ITP in children is usually a self-limited 
disorder, and splenectomy should be considered only for chronic cases.
Sickle Cell Disease
Sickle cell disease occurs when valine is substituted for glutamic acid on 
the β-chain of hemoglobin A, resulting in hemoglobin S. The red cells 
are prone to become rigid and sickle in a hypoxic and acidic environ-
ment, such as in the spleen. The sickled cells block capillaries and can 
cause infarction distal to the obstruction, which can result in painful cri-
ses and, with regard to the spleen, areas of infarction. The spleen initially 
becomes large; then, with progressive infarction, slowly atrophies and 
produces a functional autosplenectomy. Persistent gross splenomegaly 
is found in patients with anaemic crises.12 Acute splenic sequestration 
crisis (ASSC) can occur and is the most common indication for splenec-
tomy. Classic presentation of patients with ASSC is a rapidly enlarging 
spleen with severe anaemia or hypotension and associated hypersplen-
ism and thrombocytopaenia.1 ASSC may be so severe that it causes 
circulatory collapse; it carries a high mortality rate.
Thalassaemia
Thalassaemia is a group of haemoglobinopathies related to abnormal 
production of α or β chains of haemoglobin that may be classified as 
of major (homozygous), minor (heterozygous), or intermediate form. 
Significant erythrocyte sequestration may occur within the spleen, and 
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splenectomy has been utilised in an attempt to decrease transfusion 
requirements. Partial splenectomy may have benefit to these patients 
because postsplenectomy sepsis occurs in approximately 10% of these 
patients who have undergone total splenectomy.
Leukaemia and Lymphomas
The spleen is often involved in both leukaemia and lymphoma, and may 
lead to splenomegaly without hypersplenism. Splenectomy is typically 
not indicated in these patients and plays no therapeutic role. In chronic 
myelogenous leukaemia, patients may have pain, mass-related symp-
toms, and secondary hypersplenism, and splenectomy may be performed 
for palliation of symptoms. In acute myelogenous leukaemia (AML) 
and acute lymphocytic leukaemia (ALL), the degree of splenomegaly is 
much less. In these cases, splenectomy is rarely of benefit and may be 
detrimental in those in which the spleen has become an important site of 
extramedullary haematopoiesis.
Gaucher’s Disease
Gaucher’s disease is an autosomal recessive metabolic disorder caused 
by a deficiency of the enzyme β-glucocerebrosidase, which causes the 
body to accumulate glucosylceramide in the macrophages of the spleen, 
liver, lungs, and bone marrow. Patients may have massive splenomegaly 
that may cause hypersplenism. Splenectomy has been performed in 
these patients to improve erythrocyte, leukocyte, and platelet counts and 
to alleviate the hypersplenism. Partial splenectomy may help improve 
symptoms temporarily, but recurrence seems to be the rule.
Splenosis

Splenic trauma may result in fragmentation of the spleen with 
subsequent growth of splenic tissue within the abdominal cavity. This 
event is called splenosis. The splenic implants do not function in the same 
capacity as the entire spleen would, and specifically they do not clear 
encapsulated organisms. Consequently, patients with splenosis should 
be treated with immunisations and antibiotics as if they were asplenic.

Investigations
The spleen and splenic disorders can be visualised with many different 
imaging modalities. Ultrasound is often the easiest and safest way to 
visualise the spleen and can be useful for initial evaluation of abdominal 
masses. Cysts are well visualised with ultrasound. Splenic trauma, lac-
erations, or haematomas are not reliably diagnosed with ultrasound, and 
CT may be necessary. With limited resources, ultrasound would likely 
be the most beneficial imaging study for the paediatric surgeon and can 
be easily done at the bedside.

Management
Nonoperative management is the treatment of choice for a child with a blunt 
splenic injury who is hemodynamically stable. However, in areas of Africa 
where CT scans are not available, surgical management with splenorrhaphy 
or splenectomy predominates.13,14 When elective splenectomy is planned, 
patients should receive three immunisations two weeks prior to surgery 
to provide adequate time for immunologic response. The immunisations 
include Streptococcus pneumonia, meningococcus, and Haemophilus influ-
enza B. Preoperative transfusion may be necessary in sickle cell disease to 
improve anaemia and to reduce the hemoglobin S level to less than 30% to 
avoid complications related to bleeding or heart failure.
Open Splenectomy
The operative approach to splenectomy has recently become more vari-
able, depending on the reason for surgery and the surgeon’s operative 
experience. 
1. The traditional open splenectomy is approached with the patient in 
the supine or right decubitus position with a midline, transverse, or left 
subcostal incision. 
2. The short gastric vessels are divided (often with suture ligation 
to avoid the potential catastrophic event of a tie slipping off with 
haemorrhage) and the spleen mobilised by dividing the diaphragmatic, 

colic, and renal attachments. In cases of severe splenomegaly, it may 
be necessary to open the gastrocolic ligament laterally to expose and 
ligate the splenic artery at the superior aspect of the pancreas in order to 
decrease blood loss with further mobilisation. 
3. The spleen, when fully mobilised, is lifted up into the wound to allow 
safe division of the splenic artery and vein at the hilum. The tail of the 
pancreas may extend into the splenic hilum. Care should be taken when 
dividing the hilar vessels to avoid injury to the pancreas. 
4. Once the spleen has been removed, the splenic bed is inspected for 
hemostasis. A nasogastric tube is often left in the stomach to provide 
gastric decompression in an attempt to avoid bleeding from the short 
gastric vessels. 
5. A careful search is made for any accessory spleens, especially if the 
indication for surgery is hemolytic anaemia or ITP. 
Laparoscopic Splenectomy
The laparoscopic approach to splenectomy began in 1991 and has become 
the preferred method for many institutions for elective cases. Benefits 
include decreased pain, shorter hospital length of stay, and improved 
cosmesis. There is, however, a steep learning curve with this procedure, 
and the procedure can be quite challenging when splenomegaly is present. 
1. A lateral approach is typically used, with the patient’s left side up at 
approximately 45°. The table is rotated to the patient’s left for trocar 
placement, then back to the right to achieve a right lateral decubitus 
position. Four ports are often used: three in the midline or just off to 
the right (upper, mid, and umbilicus) and one in the left midabdomen. 
Two grasping instruments are usually used in the upper ports to provide 
traction and elevate the spleen. 
2. The harmonic scalpel is typically used to divide the short gastric 
vessels and other splenic attachments. 
3. The endostapler is used to ligate the hilar vessels, and the spleen is 
placed in an endocatch bag and removed via morselisation through the 
largest port site, typically in the left midabdomen.3

The rate of conversion to open procedure has been reported up to 
nearly 3% in several large series,3 with splenomegaly and bleeding 
as the most common reasons. It is imperative to search for accessory 
spleens, especially if the indication for splenectomy is ITP or hemolytic 
anaemia. Studies in paediatric patients have not detected a significant 
difference in the detection rate of accessory spleens in either open or 
laparoscopic procedures.3 Patients may recover somewhat faster with 
less pain after laparoscopic splenectomy, but there is a steep learning 
curve, and operating room time is generally longer for the laparoscopic 
procedure. This may not be a feasible option for hospitals with limited 
resources and laparoscopic capabilities.
Partial Splenectomy
The segmental blood supply of the spleen allows for partial splenectomy 
along the lines of demarcation that are apparent after vessel ligation. The 
procedure has been done both open and laparoscopically, and has been 
primarily used for hemolytic anaemia. It has also been used for trauma, 
splenic cysts, haemangiomas, and hamartomas. Approximately 25% of 
the normal splenic remnant is left after successful partial splenectomy. If 
the spleen is totally mobilised, the remnant should be fixed to adjacent 
structures or the retroperitoneum to prevent torsion. Patients should 
receive preoperative immunisations and prophylactic antibiotics postop-
eratively until splenic immune competence is noted.

Postoperative Complications
Postoperative complications are rare after splenectomy, but thrombosis may 
occur in the splenic, portal, or mesenteric veins. This should be consid-
ered in the evaluation of postsplenectomy abdominal pain. Splenosis may 
occur after splenectomy if spillage of splenic contents occurred during the 
operation. This may simulate intraabdominal tumour implants and present as 
small bowel obstruction, haemorrhage, or relapse of haematologic disorder.15
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Postsplenectomy sepsis (PSS) is the most worrisome complication 
of splenectomy and is thought to be due to decreased immunoglobulin 
levels as well as decreased clearance of encapsulated organisms. The 
overall incidence of PSS is 4%, with a higher incidence in patients 
with thalassaemia (nearly 10%), and mortality approaches 50%.4,16 
Patients typically have a fulminant infection caused by encapsulated 
bacteria (pneumococcus, Haemophilus influenza B, gonococcus, and 
Escherichia coli). Empiric antibiotics should be initiated as soon as 
possible in a patient with fever and illness after splenectomy. 

Ideally, patients should receive immunisations prior to splenectomy, 
and booster immunisations are recommended every 5 to 10 years. 
Prophylactic antibiotics are recommended for patients after splenectomy, 
and the duration varies from 2 years to a lifetime. The risk of PSS 
declines significantly after 2 years from splenectomy.17 There have also 
been case reports of severe malarial infections and fatality in patients 
after splenectomy such that lifelong prophylaxis is recommended for 
patients living in endemic areas.14

Prevention
There are no preventive measures to take regarding this disease process. 
Once a decision for elective splenectomy has been made, obtaining the 
immunisations preoperatively would be of highest importance in terms 
of reducing the risk of PSS as well as the availability of prophylactic 
postoperative antibiotics. Preoperative transfusion may be necessary in 
sickle cell disease, as previously mentioned.

Ethical Issues
The availability of postoperative health care may be of paramount con-
cern in countries with decreased health resources. This extends to the 
availability of immunisations as well as antibiotics. Prophylactic antibi-
otic use after splenectomy may be problematic when both financial and 
pharmaceutical resources are scarce for the patients’ families and their 
health care providers. Patients with symptomatic splenomegaly may 
have to wait until the severity of their symptoms outweighs the risks 
associated with asplenia.

1. The spleen is an important immunologic intraabdominal organ 
that functions in bacterial clearance, antibody formation, and 
phagocytosis.

2. Surgical splenectomy is mainly limited to haematologic 
diseases.

3. Both open and laparoscopic approaches are feasible for 
splenectomy, depending on the surgeon’s experience and 
hospital resources.

4. Preoperative transfusion may be necessary in sickle cell 
disease to improve anaemia and to reduce the hemoglobin 
S level to less than 30% to avoid complications related to 
bleeding or heart failure.

5. Preoperative immunisations against Streptococcus pneumonia, 
meningococcus, and Hemophilus influenza B are of paramount 
importance to help reduce the risk of postsplenectomy sepsis.

6. Prophylactic antibiotics are recommended postsplenectomy 
for at least 2 years, and often for a lifetime, depending on the 
patient’s clinical condition. 

7. Postsplenectomy sepsis is the most feared complication, with 
an overall incidence of 1–4%; the risk decreases after 2 years 
from splenectomy.

8. Splenectomy may predispose to severe or even fatal malaria 
infestation, and lifelong prophylaxis is recommended for patients 
living in malaria endemic areas.
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Portal Hypertension
Alastair J. W. Millar

Introduction 
Portal hypertension (PHT) may be caused by a wide variety of condi-
tions, each with a different natural history. It frequently presents with 
bleeding from oesophageal varices, which is the commonest cause of 
serious upper gastrointestinal haemorrhage in children. Precise diagno-
sis, a sound understanding of the therapeutic options, and a multidisci-
plinary approach are essential for successful management.

Demographics 
Portal hypertension is common in Africa and other developing regions, 
particularly as a result of endemic hepatitis B–related cirrhosis and, in 
affected areas, schistosomiasis and some particularly unique toxins that 
cause veno-occlusive disease.

Portal hypertension in children may be due to:
• primary venous obstruction at a prehepatic (e.g., portal vein obstruc-
tion); intrahepatic (e.g., hepatoportal sclerosis); or posthepatic (e.g., 
veno-occlusive disease and Budd-Chiari syndrome) level (rarely, an 
arterioportal venous fistula causes portal hypertension in an unob-
structed system);

• intrinsic liver disease (e.g., cirrhosis, fibrosis, nodular hyperplasia);

• chronic liver disease, the commonest overall cause of PHT; or

• portal vein occlusion (PVO), the most frequent cause of extrahe-
patic PHT.
Occasionally, the picture is mixed, as in cirrhosis complicated by 

portal vein thrombosis. 

Aetiology/Pathophysiology 
Portal hypertension is defined by an increased hepatic venous pres-
sure gradient (>5 mm Hg), which is the difference between wedged 
hepatic venous pressure (an indicator of portal venous pressure) and 
free hepatic venous pressure. A gradient of more than 12 mm Hg is 
necessary for the development of oesophageal varices. Although the 
relationship is not linear, the risk of variceal bleeding is increased in 
larger varices and in those with a higher internal pressure and wall ten-
sion. In established cirrhosis, the risk of variceal bleeding is related to 
the severity of the liver disease.

Portal venous pressure is the product of blood flow from the gut and 
spleen being increased in cirrhosis due to splanchnic vasodilatation, and 
vascular resistance. Within the liver, vascular resistance includes both 
fixed (fibrosis and architectural distortion) and dynamic (sinusoidal 
vascular tone) components.

A rise in portal pressure leads to splenomegaly and the development 
of portosystemic collaterals at various sites: the distal oesophagus 
and gastric cardia (oesophageal and gastric varices), the anal canal 
(anorectal varices), the falciform ligament (umbilical varices), and 
varices in the abdominal wall and retroperitoneum. The junction 
between mucosal and submucosal varices in the lower 2–5 cm of the 
oesophagus is the usual site of rupture leading to variceal bleeding. 

Clinical Presentation 
History
Presentation is typically with acute gastrointestinal haemorrhage (hae-
matemesis and/or malaena) and/or splenomegaly, or as part of the mani-
festation of chronic liver disease with spider naevi, clubbing, varices, 
ascites, and bleeding in patients with cirrhosis. 
Physical
Children with PVO present with variceal bleeding at a younger mean 
age than those with cirrhosis (5 years of age versus 8 years), but onset 
of haemorrhage may occur at any age. The risk of bleeding is often 
precipitated by an upper respiratory tract infection, but this may reduce 
with age and the spontaneous development of portosystemic collaterals. 

Splenomegaly may be associated with evidence of hypersplenism. 
However, unlike cirrhotics, humoral immunity is preserved in those 
with PVO. Ascites usually denotes the presence of chronic liver disease 
but may occur transiently after a major variceal bleed in those with 
extrahepatic portal hypertension. Encephalopathy may complicate an 
episode of bleeding in cirrhotics but is rarely detectable in children 
with PVO.

Portal hypertension may cause mucosal oedema in the small intestine, 
leading to malabsorption, protein loss, and failure to thrive. Thus, growth 
failure is common in cirrhosis and may also be found in children with 
PVO. In established PHT, dilated cutaneous collateral veins carry blood 
away from the umbilicus towards the tributaries of the vena cava (caput 
medusae). In long-standing disease, varices around the common bile 
duct may cause bile duct dilatation and, rarely, obstructive jaundice. Also 
rarely, pulmonary hypertension may coexist with portal hypertension—
more often in children with cirrhosis than those with PVO. In cirrhotics, 
30–50% will have varices and nearly half will have a significant bleed. 
There is 5–20% mortality during the first bleed, and half of the survivors 
will bleed again. In PVO, the mortality from the first bleed is <3%, with 
a lifetime mortality from bleeding of 10–15%.

Investigations 
A full blood count may show anaemia, leucopenia, and/or thrombocy-
topenia from hypersplenism. The prothrombin time is commonly pro-
longed in patients with intrinsic liver disease or Budd-Chiari syndrome. 
In PVO, the prothrombin time is often slightly prolonged in association 
with a reduced factor VII concentration. The presence of reduced proco-
agulant and anticoagulant protein concentrations in PVO is probably due 
to reduced portal blood flow and/or portosystemic shunting. In patients 
with Budd-Chiari syndrome, an underlying myeloproliferative disorder 
or thrombophilic state should be excluded by bone marrow aspirate, and 
estimation of protein C, S, factor V Lieden, and lupus anticoagulant.

Biochemical liver function tests are essentially normal in PVO but 
reflect the level of chronic disease in cirrhosis, particularly with low 
serum albumin. In Budd-Chiari syndrome, both liver and renal function 
may be disturbed.
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Abdominal Ultrasound Scan
An abdominal ultrasound scan confirms nonspecific features of portal 
hypertension, such as large collateral veins and splenomegaly. Hepatic 
echotexture may indicate the presence of chronic liver disease. Colour 
Doppler flow studies provide information on the direction and velocity 
of flow in the portal vein, hepatic veins, and vena cava.
Gastrointestinal Endoscopy
Endoscopy can be used to evaluate gastro-oesophageal and anorec-
tal varices and mucosal features of portal hypertension at all ages. 
Oesophageal varices are graded according to severity. Large varices 
may show “red signs” of recent or impending variceal haemorrhage; 
these stigmata include “cherry-red spots” and “varices on varices”. 
Endoscopic ultrasound assessment of submucosal and para-oesoph-
ageal varices is a distinct advance with diagnostic accuracy. Portal 
gastropathy is characterized by mucosal hyperaemia and dilated sub-
mucosal veins. 
Computed Tomography and Magnetic Resonance 
Imaging
Both computer tomography (CT) and magnetic resonance imaging 
(MRI) are useful in evaluating focal liver lesions associated with portal 
hypertension and in Budd-Chiari syndrome. In the latter, the findings 
depend on the duration and degree of venous obstruction; in chronic 
cases, there is splenomegaly and ascites, and the liver parenchyma 
shows patchy contrast enhancement and caudate lobe hypertrophy. In 
PVO, a variable degree of liver atrophy may be seen.
Angiography
Magnetic resonance angiography is being used increasingly as a non-
invasive alternative to conventional angiography. It confirms the diag-
nosis of PVO and assesses the patency and calibre of veins throughout 
the portomesenteric system. Angiography is particularly important 
when considering portosystemic shunt surgery, including meso-Rex 
surgery, and when assessing patients with a thrombosed or abnormal 
portal vein before liver transplantation. Conventional angiography can 
be performed by several routes, but the commonest is by indirect por-
tography. Direct splenoportography after percutaneous needle puncture 
of the spleen also enables the measurement of splenic pulp pressure (an 
index of portal hypertension), which may be of value in assessing anas-
tomotic portal vein strictures posttransplant. Percutaneous transhepatic 
portography is occasionally used. Hepatic venography shows a typical 
“spider web” pattern of venous collaterals around hepatic vein throm-
bosis in Budd-Chiari syndrome. Inferior vena cavography or magnetic 
resonance venography may be necessary to determine the patency of 
the inferior vena cava (IVC) or the intrahepatic portal and Rex veins.
Liver Biopsy
If there are no contraindications (poor clotting not corrected by replace-
ment therapy of vitamin K, fresh frozen plasma, or clotting factor con-
centrates), a biopsy is usually undertaken to diagnose any underlying 
liver disease. Open or laparoscopically observed biopsy may be a safer 
option, as postbiopsy bleeding is a real risk. In extrahepatic PVO, the 
liver architecture is normal, but mild periportal fibrosis may be seen. In 
hepatic vein obstruction, liver biopsy typically shows marked venous 
congestion around central venules with hepatocyte necrosis; in chronic 
cases, there is progression to hepatic fibrosis and cirrhosis. 

Management 
Primary Prophylaxis of Variceal Bleeding
Beta-blockers 
Propranolol reduces portal pressure by causing splanchnic vasocon-
striction and reducing cardiac output. If there are no contraindications 
to beta-blockers (e.g., asthma), primary prophylaxis may be worthwhile 
in children with PVO or cirrhosis and large varices. Therapy should aim 
to reduce the resting pulse rate by 25%.

Endoscopic therapy 
Prophylactic use of injection sclerotherapy or banding is controversial. A 
small proportion of patients with PVO never bleed. At present, primary 
endoscopic prophylaxis cannot be recommended except for situations 
in which a child may be returning to an environment where treatment 
is limited.
Emergency Management of Variceal Bleeding 
Bleeding from oesophageal varices is life threatening and requires hospi-
tal admission. Mortality is closely related to the severity of any underly-
ing liver disease.

Octreotide, a long-acting analogue of somatostatin, with a plasma 
half-life of more than 1 hour, is given as an intravenous infusion and is 
effective in controlling acute variceal bleeding, particularly when used in 
combination with endoscopic therapy.

A balloon tamponade may be required to control active variceal 
bleeding. A Sengstaken-type tube can be inserted by an experienced 
clinician after securing the airway by endotracheal intubation. Only the 
gastric balloon need be inflated, and correct positioning must be verified 
by x-ray. Moderate traction is applied; excessive traction may cause 
mucosal ulceration or balloon displacement. The balloon is deflated after 
12–24 hours at the time of endoscopy. Balloon deflation may be followed 
by severe bleeding, especially with gastric fundal varices. 
Endoscopic Treatment of Oesophageal Varices
Injection sclerotherapy
Endoscopic injection sclerotherapy (EIS) has been a standard technique 
for inducing variceal thrombosis for many years but has largely been 
superseded by oesphageal banding in older children. EIS is applicable to 
all age groups and is best performed under general anaesthesia with an 
endotracheal tube in place. It is now used only in small infants, in whom 
it is not possible to pass the endoscope with the banding equipment, as 
well as where banding equipment is not available. A variety of injection 
techniques and sclerosants have been used, with 5% ethanolamine ole-
ate being the most widely used. Between 1 and 3 ml of sclerosant are 
injected into each of the major variceal columns just above the gastro-
oesophageal junction. Paravariceal injection or a combination of the two 
is equally efficacious.

Varices should be initially injected every 1 to 2 weeks and then at 
monthly intervals until sclerosis is complete. Patients are given oral 
sucralfate for 48 hours and ranitidine for 2 weeks after each injection 
session to reduce complications from ulceration. Endoscopic review is 
undertaken after 6 months and then annually, but only large recurrent 
varices require treatment.

Variceal ligation (banding) 
In variceal ligation, the varix is aspirated into a transparent cylinder fit-
ted to the end of a flexible endoscope and an elastic band is released by 
a trip wire passing through the biopsy channel, causing strangulation of 
the varix, which then thromboses and sloughs. Treatment begins with 
ligation of the most distal varix in the oesophagus, just above the cardia. 
Up to four bands can be applied to the varices at each session; the treat-
ment is repeated after 1 to 2 weeks and then monthly until the varices 
have been obliterated. Multiband devices allow the application of several 
bands with one pass of the endoscope.
Gastric Varices
Many gastric varices are fundal and directly contiguous with lower 
oesophageal varices. Most are present at the initial endoscopy and are 
eradicated during treatment of oesophageal varices. However, 5–10% of 
patients develop significant gastric varices after treatment of oesopha-
geal varices by EIS. Bleeding from gastric varices may respond to 
EIS, but this is much less likely if the gastric varices are isolated and 
not contiguous with oesophageal varices. Alternative sclerosants, such 
as bovine thrombin and cyanoacrylate, have been used successfully in 
adults but have not been evaluated in children. Banding of gastric varices 
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is associated with a high rebleeding rate. If sclerotherapy is ineffective or 
inappropriate, then portosystemic shunting or a local devascularization 
procedure should be considered in those with satisfactory liver function.
Surgery for Portal Hypertension 
Surgical shunts 
Shunt surgery (see Figure 87.1) and endoscopic therapy are comple-
mentary procedures in the management of portal hypertension.

Indications for surgery include:
• uncontrolled bleeding from oesophageal varices (not responding to at 
least two sessions of banding or sclerotherapy) in children with PVO 
or those with chronic liver disease and reasonable liver function;

• bleeding gastric or ectopic varices that cannot be controlled endo-
scopically;

• massive splenomegaly, causing severe hypersplenism or abdominal 
pain; and

• lack of access to expert endoscopy.
A case can be made for mesoportal bypass surgery in children with 

extrahepatic PVO and cavernoma as prophylactic therapy because of 
the added benefit of not only relieving PHT but also redirecting portal 
venous blood into the liver.

Many types of portosystemic shunt have been described, but 
mesocaval and splenorenal shunts have been used most often in 
children. The distal splenorenal (Warren) shunt is considered to be a 
selective shunt in that it achieves gastrosplenic variceal decompression 
while maintaining portal perfusion. 

Shunt patency is confirmed by improvement in hypersplenism, as 
evidenced by an increase in platelet counts, a reduction in splenomegaly, 
and regression of oesophageal varices observed endoscopically. Shunt 
thrombosis is a major complication and frequently manifests as 
recurrent variceal bleeding. It is more likely in children younger than 
5 years of age. Shunt patency may be assessed directly by a variety 
of imaging modalities including colour Doppler ultrasound imaging 
of the shunt, magnetic resonance angiography, and conventional 
angiography, or indirectly by ultrasound examination of flow patterns 
in portomesenteric and systemic veins. 

Encephalopathy is a well-recognized complication of portosystemic 
shunt surgery in cirrhotics but is very rare in children with PVO. 
Improvement in some areas of cognitive function has been documented 
after restoration of normal portal blood flow into the liver by means of 
the mesenterico-left portal (Rex) shunt (Figure 87.2).

The introduction of the Rex shunt has significantly broadened the 
indications for shunt surgery in PVO. In this shunt, a vein graft is 
interposed between the superior mesenteric vein and the (intrahepatic) 
left portal vein, which is located in the Rex recessus adjacent to the 
falciform ligament. The portal vein occlusion is bypassed, hepatic 
portal blood flow is restored, and portal hypertension is corrected. 
The operation demands the presence of an adequate calibre, patent 
intrahepatic left portal vein and patent splenic and mesenteric veins; 
this must be established preoperatively by angiography, ultrasound, 
and/or retrograde hepatic venography. This shunt is a valuable option 
for selected children with PVO because it restores normal physiology. 
However, it is not feasible in all cases. Shunt failure is a potential 
problem, but medium-term follow-up studies indicate that excellent 
results can be achieved with autologous vein grafts. 

Mesocaval shunting has been a successful form of treatment in the 
past and may be preferred to selective or side-to-side splenorenal shunts 
because the vessels used are larger and more likely to remain patent. As 
with all nonselective shunts, there is the long-term risk of encephalopathy.

Nonshunt surgery 
Other surgical techniques to control variceal bleeding have been 
disappointing in the long term because of a high rate of rebleeding. 

Figure 87.1: Diagrams showing the different types of shunt procedures: (A) 
distal splenorenal (Warren); (B) proximal splenorenal with splenectomy; (C) 
side-to-side splenorenal; (D) mesocaval interposition graft; (E) mesoportal 
(Rex); (F) transjugular intrahepatic portosystemic shunt (TIPSS).

Figure 87.2: A patent internal jugular mesenterico-portal shunt (Rex) at surgery 
for extrahepatic portal hypertension.

Splenectomy alone, suture ligation of varices, and oesophago-gastric 
transection have generally yielded only short-term success, except in 
gastric variceal bleeding from isolated splenic vein thrombosis when 
splenectomy may be curative. Splenectomy is rarely indicated for 
massive splenomegaly causing severe hypersplenism or abdominal 
pain, but shunt surgery should be considered in such cases. Splenic 
embolisation is an alternative, but its effects may be temporary, and the 
procedure is not without morbidity. 

Liver transplantation 
Liver transplantation is the treatment of choice for most children with 
variceal bleeding complicating end-stage chronic liver disease. 

1.(A) Distal splenorenal (Warren) (B) Proximal splenorenal

(D) Mesocaval

(E) Mesoportal (Rex) (F) TIPSS

(C) Side-to-side Splenorenal



506 Portal Hypertension

Table 87.1: Evidence-based research.

Title Endoscopic ligation compared with sclerotherapy for bleeding 
esophageal varices in children with extrahepatic portal venous 
obstruction

Authors Zargar SA, Javid G , Khan BA, et al.

Institution Department of Gastroenterology, Sher-i-Kashmir Institute of 
Medical Sciences, Srinagar, Kashmir, India

Reference Hepatology 2002; 36(3):666–672

Problem Endoscopic sclerotherapy is an effective treatment for 
bleeding esophageal varices, but it is associated with 
significant complications. Endoscopic ligation, a new form of 
endoscopic treatment for bleeding varices, has been shown to 
be superior to sclerotherapy in adult patients with cirrhosis.

Intervention To determine the efficacy and safety of endoscopic 
sclerotherapy and ligation, the two methods were compared 
in a randomized control trial in 49 children with extrahepatic 
portal venous obstruction who had proven bleeding from 
oesophageal varices.

Comparison/
control
(quality of 
evidence)

Twenty-four patients were treated with sclerotherapy and 
25 with band ligation. No significant differences were found 
between the sclerotherapy and ligation groups in arresting 
active index bleeding (100% each) and achieving variceal 
eradication (91.7% versus 96%, P = .61). Band ligation 
eradicated varices in fewer endoscopic sessions than did 
sclerotherapy (3.9 ± 1.1 versus 6.1 ± 1.7, respectively, P < 
.0001). The rebleeding rate was significantly higher in the 
sclerotherapy group (25% versus 4%, P = .049), as was 
the rate of major complications (25% versus 4%, P = .049). 
After eradication, esophageal variceal recurrence was not 
significantly different in patients treated by ligation than in 
those treated by sclerotherapy (17.4% versus 10%, P = .67).

Outcome/
effect

In conclusion, variceal band ligation in children is a safe and 
effective technique that achieves variceal eradication more 
quickly, with a lower rebleeding rate and fewer complications 
compared with sclerotherapy.

Table 87.2: Evidence-based research.

Title Endoscopic sclerotherapy for bleeding oesophageal varices: 
experience in Sudan

Authors Gasim B, Fedial SS, Musaad AM, Ahmed W, Salih SM, Ibn-Ouf M

Institution National Centre for Gastrointestinal and Liver Disease, Ibn 
Sina Hospital Faculty of Medicine, University of Khartoum, 
Khartoum, Sudan

Reference Tropical Gastroenterol 2002; 23(2)107–109

Problem Bleeding due to oesophageal varices is the commonest 
cause of upper gastrointestinal tract haemorrhage in Sudan. 
Endoscopic injection sclerotherapy is a valuable therapeutic 
modality for the management of variceal bleeding. Other 
options for treatment, such as variceal banding, are either too 
expensive or unavailable.

Intervention A retrospective study to evaluate the outcome of EST in the 
management of bleeding oesophageal varices due to portal 
hypertension in a developing country (Sudan).

Comparison/
control
(quality of 
evidence)

A total of 1070 patients over a period of 10 years (1986–1996) 
were studied. The inclusion criterion was bleeding oesophageal 
varices consequent to portal hypertension. EIS was performed 
using a standard technique. Ethanolamine oleate 5% was the 
sclerosing agent. The procedure was done on a day-case basis. 

There were 904 males (84.5%) and 166 females (15.5%). 
The cause of portal hypertension was schistosomal periportal 
fibrosis (PPF) in 999 (93.3%) patients, liver cirrhosis in 59 
(5.5%), mixed PPF and cirrhosis in 5 (0.46%), portal vein 
thrombosis in 6 (0.64%), and congenital hepatic fibrosis in 1 
patient. A total of 100 (9.4%) patients presented with bleeding 
after surgery. Full obliteration of varices required a mean of 
4 sessions with a range of 2–6. Follow-up of 462 patients 
(43.2%) continued until complete sclerosis of varices.

Historical 
significance/
comments

This study provides evidence that endoscopic injection 
sclerotherapy is an essential component in the management 
of bleeding oesophageal varices caused by portal 
hypertension. It is a feasible and cost-effective therapeutic 
strategy in developing countries.

Surgery for Budd-Chiari syndrome 
Rarely, posthepatic portal hypertension has a radiologically or surgi-
cally treatable cause, such as a caval web. Many children with hepatic 
vein thrombosis are successfully managed by medical therapy directed 
at controlling ascites and preventing progressive venous thrombosis. 
Portal decompression is necessary for variceal bleeding, deteriorat-
ing liver function associated with zonal necrosis on liver biopsy, and 
intractable ascites. Portosystemic shunting converts the portal vein 
into a venous outflow tract. Occasionally, more complex shunts are 
needed in those with IVC obstruction. These procedures are poten-
tially hazardous, and a transjugular intrahepatic stent is a less invasive 
alternative. In this procedure an expandable wire stent is placed in the 
hepatic vein after balloon dilatation. Prolonged anticoagulation with 
warfarin is required. Liver transplantation is indicated for fulminant 
liver failure or cirrhosis, but recurrence of Budd-Chiari syndrome in 
the graft is a risk, and patients with thrombophilia usually require long-
term anticoagulation. 

Transjugular intrahepatic portosystemic stent shunt 
A transjugular intrahepatic portosystemic stent shunt (TIPSS) requires 
sophisticated technology and a skilled interventional endoscopist. It 
involves the percutaneous insertion of an expandable metal stent via the 
jugular vein into a hepatic vein and major portal vein. Selected patients 
with Budd-Chiari syndrome or intractable ascites may also benefit. 
Portal vein occlusion and uncorrected coagulopathy are contraindica-
tions. The major risks include stent occlusion and hepatic encephalopa-
thy. The incidence of stent occlusion increases with time. These and 
other complications and the technical demands of the procedure have 
limited its role in children. 

Postoperative Complications 
Complications after EIS are those of rebleeding, oesophageal ulcer-
ation, and stricture. Perforation with mediastinitis has occurred only 
rarely. With occult bleeding (OB), the ulcers tend to be more superficial 
and the rebleeding rate less. Shunt surgery, if successful, reduces portal 
pressure and prevents further bleeding, but shunt thrombosis is more 
frequent in smaller children with a shunt diameter of less than 0.5 cm. 
Encephalopathy is a real concern, particularly in children shunted for 
cirrhosis. Selective distal splenorenal shunts generally have a better 
record. For PVO, the mesenteric left portal bypass is the treatment of 
choice, but may not be possible in up to 30% of cases. 

Prognosis and Outcomes 
Prognosis depends on shunt patency and on the severity of liver disease. 
Those with cirrhosis eventually require liver transplantation before 
the development of end stage disease. With complimentary medical 
therapy, endoscopic intervention, and shunt surgery, the ultimate prog-
nosis is excellent.

Prevention 
Control of hepatitis B, schistosomiasis, and toxins may prevent liver 
disease, which subsequently presents as portal hypertension. 

Ethical Issues 
Where follow-up is poor, early recourse to shunt surgery—if the skills are 
available—may be preferred to serial endoscopic injection sclerotherapy 
or banding. Liver transplantation should not be undertaken unless life-
long supervision and immunosuppressive therapy are available. 

Evidence-Based Research 
Table 87.1 presents a study comparing sclerotherapy and ligation for treat-
ing bleeding eosophageal varices in children. Table 87.2 presents a study 
of endoscopic sclerotherapy for bleeding oesophageal varices in Sudan.
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1. Portal hypertension is common in developing regions, and 
variceal haemorrhage may be lethal.

2. Noncirrhotic portal hypertension can satisfactorily be treated 
with a combination of medical, endoscopic, and surgical 
treatment modalities. 
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CHAPTER 88

Cystic Diseases of the Kidney
Osarumwense David Osifo

Edward Hannon

Table 88.1: Classification of cystic diseases of the kidney.

Source: Pirson Y, Chauveau D, Grunfeld JP. Autosomal dominant polycystic kidney disease. In: 
Davison AM, Cameron JS, Grunfeld JP, eds. Oxford Textbook of Clinical Nephrology. Oxford 
University Press, 1998, Pp 2393-2415.

Nongenetic Genetic

Acquired disorders

 Simple renal cysts (solitary or 
multiple)

 Cysts of the renal sinus (or 
peripelvic lymphagiectasis)

 Acquired cystic kidney disease 
(in patients with chronic 
renal impairment)

 Multilocular cysts (or multilocular 
cystic nephroma)

 Hypokalemia-related cysts

Developmental disorders 

 Medullary sponge kidney

 Multicystic dysplastic or 
multicystic kidney* 

 Pyelocalyceal cysts

Autosomal dominant

 Autosomal dominant polycystic 
kidney disease*

 Tuberous sclerosis complex

 von Hippel-Lindau disease

 Medullary cystic disease

 Glomerulocystic disease

Autosomal recessive

 Autosomal recessive polycystic 
kidney disease*

 Nephronophthisis

X-linked

 Orofaciodigital syndrome type 1

*Common type of cystic disease of the kidney

Introduction
Cystic diseases of the kidney are common lesions worldwide.1–5 They 
are broadly divided into genetic and nongenetic cysts. A renal cyst is 
a fluid-filled sac arising from dilatation in any part of the nephrons or 
collecting ducts. The cysts may eventually separate from the nephrons 
or ducts and continue to enlarge. Although most are simple cysts, about 
one-third of people older than 50 years of age are said to have renal 
cysts.1–3 Depending on the type, symptoms can occur at any age, and 
many cases may manifest symptoms in utero. Undiagnosed or untreated 
cases ultimately progress to end-stage renal disease (ESRD) and death. 
The outcome of the disease varies between developed and developing 
countries, due mainly to late presentation, lack of facilities required 
for prompt diagnosis, and a lack of facilities and manpower required 
for intrauterine interventions in developing countries, especially in 
children who manifest symptoms in utero.3 Table 88.1 shows the clas-
sifications of cystic diseases of the kidney. This chapter discusses the 
common types, which include: 
• multicystic kidney or multicystic dysplastic kidney (MCDK);

• autosomal dominant polycystic kidney disease (ADPKD); and

• autosomal recessive polycystic kidney disease (ARPKD).

Demographics
Incidence
No conclusive African figures on cystic kidney disease are available due 
especially to a poor database. There is, however, geographical variation 
in incidence as well as variation in incidence among the subtypes.2,3 
Available literature1–6 from more developed countries suggests that:

• Multicystic kidney or MCDK has an incidence of 1 per 1,000–4,000 
live births.

• ADPKD has an incidence of 1 per 400–1,000 among whites and 
accounts for 8–10% of all cases of ESRD.

• ARPKD has an incidence of 1 per 6,000–55,000 live births, with a 
heterozygous carrier frequency of 1 per 70.

Race
ADPKD is found worldwide in all races and ethnic groups, whereas 
acquired cystic renal disease is reported to be most common in white 
and African American men.
Gender
MCDK is more common in males than females, and symptomatic pro-
gression of ADPKD appears to be more rapid in men.
Age
ADPKD has a bimodal distribution of onset. It usually presents in 
infancy or childhood and adulthood, with rare occurrence in middle 
age. ARPKD often presents in infancy, childhood, or adolescence. In 
contrast, simple cysts are very rare in children but increase in frequency 
with age.

Aetiology/Pathophysiology
Generally, cysts develop due to increased tubular epithelial prolifera-
tion.1–3 Many of the cysts may detach from the parent tubule after grow-
ing to a few millimeters in size.

Multicystic kidney is usually a sporadic, nonsyndromal, congenital 
anomaly. It occurs as a result of ureteropelvic dysplasia or atresia that 
results in an enlarged kidney and the formation of cysts of varying 
sizes that do not communicate. There is no demonstrable pelvis and 
calyces, but microscopic examination shows rudimentary lobes with no 
corticomedullary differentiation.

ADPKD occurs due to mutations in the genes PKD1 and PKD2, 
which encode polycystin proteins. It may require a second “hit” to 
result in ADPKD later in life.5

ARPKD occurs following mutations in PKHD1, a large gene that 
encodes fibrocystin/polyductin, which plays a critical role in collecting-
tubule and biliary development. 

Clinical Presentation
Clinical presentation depends on the type of cystic disease.1–3

Multicystic kidney is the second most common cause of a flank mass 
in the newborn. The diagnosis may be made in utero by ultrasonography 
(US) or palpation of an abdominal mass during examination for other 
conditions in neonates. Clinical symptoms are rarely seen unless it is 
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Figure 88.1: Ultrasound of a multicystic dysplastic kidney. 

complicated by infection. The contralateral kidney is usually normal 
but may be absent, hydronephrotic, ectopic, refluxing, or dysplastic.

Patients with ADPKD usually present in the fourth decade of 
life with flank pain or intermittent haematuria. Renal size increases 
exponentially with an equal growth rate in both kidneys over time due 
to the increase in cyst volume. The disease course varies significantly 
among affected individuals. Hepatic cysts are the most common 
extrarenal manifestation that increases with age. Recent reports1,2 
revealed an incidence of 20% and 75%, respectively, at the third and 
sixth decades of life. Patients with PKD1 genoytpe appear to develop 
more rapid disease progression. 

ARPKD affects renal and hepatic development with varying 
degrees of organ involvement with age. It may be a cause of 
neonatal death due to pulmonary disease resulting from nephromegaly 
and oligohydraminios. Symptoms in infants include hypertension, 
diminished urine concentrating ability, and renal insufficiency. Almost 
half of affected individuals develop ESRD in the first decade of life. 
Occurrences in children between 4 and 8 years of age are predominantly 
hepatic involvement with kidneys often less severely affected. 

Investigation
Cystic diseases of the kidney are usually diagnosed by imaging inves-
tigations, such as the following:
• Ultrasonography: US is a common investigation with high diag-
nostic accuracy. It is used for both diagnosis and follow-up of the 
patient. A US scan shows the cystic nature of the mass, but critical 
for the diagnosis of a renal cyst is the loss of internal echoes; rounded 
outline; sharply demarcated, smooth walls; and bright posterior wall 
echo.4,6 Multiple cysts show similar features that are separated by 
septa with a lobulated appearance (Figure 88.1).

• Intravenous urography: Intravenous urography may show a non-
functioning kidney in ESRD, loss of tubular connection in MCDK, 
and multiple cystic collections in polycystic kidney disease.3,5 

• Computerised tomography (CT) scan: A CT scan gives better resolu-
tion than US or intravenous urography, which is especially useful 
when the US finding is not conclusive.

• Magnetic resonance imaging (MRI): MRI has a very high diagnostic 
accuracy and is quite useful for follow-up, but its nonavailability is a 
major drawback to its use in developing countries.

• Nonimaging investigations: Other investigations include genetic 
testing for polycystic kidney disease, serum electrolytes, urea and 
creatinines, and urine for microscopy culture and sensitivity.

Management
The management of cystic disease of the kidney in the developed 
world, as in Africa, involves a multidisciplinary team approach involv-
ing paediatric urologists, paediatric nephrologists, and (as required and/
or available) transplant surgeons and dialysis teams. The main differ-
ences in the management of these conditions is obviously influenced 
by the availability of resources in these locations, including antenatal 
scanning, availability of specialists, and, more specifically to renal dis-
ease, the availability of renal replacement therapy and transplantation. 
These key factors obviously play a role in the long-term outcomes of 
each of these conditions. 
Multicystic Dysplastic Kidneys
The management of MCDK7,8 in the developed world remains con-
troversial, especially as the numbers of asymptomatic patients being 
picked up on routine antenatal screening increases. The most common 
presentation in developed countries is on antenatal US scan, with fewer 
cases now being picked up clinically. US scans remain the first-line 
investigation of choice and are usually diagnostic, but postnatal isotope 
scanning (dimercaptosuccinic acid (DMSA) or mercaptuacetyltrigly-
cine (MAG3)) is being used increasingly to confirm a total absence in 
isotope uptake in the affected kidney and hence a diagnosis of MCDK. 
US also has a role in imaging the contralateral kidney, in which pelvi-
ureteric junction obstruction or vesicoureteric reflux may be demon-
strated and may subsequently require investigation with a micturating 
cystourethrogram (MCUG) and/or MAG3 scanning. 

Nephrectomy is the treatment of choice for large MCDK 
presenting clinically with a palpable mass in the neonatal period. 
Surgery is also indicated in those with smaller lesions and symptoms 
such as pain, haematuria, and hypertension. Management of 
asymptomatic patients is more controversial. Up to 50% of MCDK 
cases have been shown to involute by 5 years of age; however, for 
the remaining patients the role of “prophylactic” nephrectomy to 
minimise the risk of hypertension and malignancy is debatable. 
Hypertension is a rare but recognised complication of MCDK, and 
malignancy (Wilms’ and renal cell carcinoma) is also documented; 
many authors and clinicians suggest the rarity of these complications 
makes prophylactic nephrectomy unnecessary in the asymptomatic 
patient, but opinion on this remains divided. 
Autosomal Dominant Polycystic Kidney Disease 
ADPKD is essentially a disease of adulthood but may be brought to the 
attention of the paediatric surgeon in developed countries, with occa-
sional cases being picked up on antenatal scan or following US screen-
ing of family members of a patient. Management during childhood is 
typically expectant, managing any early complications of hypertension 
or infection as they occur. Rarely, nephrectomy may be required if these 
complications cannot be managed medically. 
Autosomal Recessive Polycystic Kidney Disease
ARPKD,7–9 in contrast to ADPKD, is a disease of childhood with a 
generally poor prognosis in both the developing and developed world 
due to the combination of end-stage renal failure and significant hepatic 
disease, which most patients experience. The mainstay of management 
is directed at treating the complications of renal and hepatic failure. The 
main difference in the developed world compared to developing coun-
tries is the wider availability of specialist medical care, dialysis, and 
transplantation; some studies suggest the prognosis may not be as poor 
as originally thought and that it is organ- and disease type-specific.9 The 
survival rate therefore depends on many factors, including age of onset, 
presence of pulmonary disease, and relative degree of hepatic and renal 
involvement. Although severe perinatal disease has a universally poor 
prognosis, a survival rate of 46% at 15 years has been reported.8
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1. Cystic disease of the kidneys is a common problem worldwide.

2. The three most common types of cystic kidney disease are:
• multicystic kidney or multicystic dysplastic kidney (MCDK);

• autosomal dominant polycystic kidney disease (ADPKD); and

• autosomal recessive polycystic kidney disease (ARPKD).

3. MCDK is commonly sporadic and is usually diagnosed 
antenatally or neonatally on ultrasound. Nephrectomy may be 
required if patients are symptomatic; prognosis is excellent.

4. ADPKD is associated with the PKD1 and PKD2 genes, which 
encode for polycystin proteins. ADPKD usually presents 
in adulthood, but may be seen in the paediatric population 
antenatally or following screening of family members. 

5. ARPKD is a disease of the liver and kidneys presenting 
in childhood. The prognosis of ARPKD is universally poor 
and depends on the disease type, organ involvement, and 
availability of renal replacement therapy.

6. Involvement of a multidisciplinary team with nephrologists is 
important for all cystic kidney lesions. 
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Prognosis
The prognosis for cystic kidney diseases depends on the type of disease 
and age at presentation. Early diagnosis and surgical treatment of uni-
lateral multicystic kidney disease is usually curative with an excellent 
outcome. The prognosis is good in patients with ADPKD, but those with 
PKD1 genoytpe appear to develop a more rapid disease progression, 
resulting in end-stage renal disease. The worst prognosis is in patients 
with ARPKD. Life expectancy is poor, as almost half of the affected 
individuals progress to ESRD and death in the first decade of life. 

Prevention
There is no known preventive measure for cystic kidney diseases, but 
genetic counselling of couples intending to become parents may help in 
the prevention of polycystic kidney diseases. 



CHAPTER 89

Congenital Ureteropelvic 
Junction Stenosis

Chris Heinick
John Lazarus

Introduction
Congenital ureteropelvic junction (UPJ) stenosis is a disturbance in the 
flow of urine at the crossover point from the kidney pelvis to the ureter, 
with a dilatated and obstructed renal-pelvic calyceal system (Figure 
89.1). UPJ obstruction is the most frequent congenital malformation of 
the genitourinary system. Its incidence is around 1 out of 1,000 newborns.

The first sonographically demonstrable sign of URJ stenosis in early 
gestation is a dilatation of the renal-pelvic calyceal system. In part, this 
can be observed sonographically, in varying degrees, in the 18th to 20th 
week of gestation.

The outcome of a UPJ stenosis is quite good in general, given 
timely therapy, but the outcome often depends on whether there are 
concomitant malformations of the genitourinary system or other organ 
systems. The condition has been shown to be associated with congenital 
cardiac malformations, hydrocephalus, skeletal dysplasias, or trisomy 
21. In the international literature, nonrenal concomitant malformations 
have been described in up to 12% of cases. 

More frequent are further anomalies in the area of the urinary 
tract, for example, kidneys with two urinary track systems, horseshoe 
kidneys, mega-ureters, urethral valves, or contralateral multicystic 
renal dysplasia.

Demographics
The male-to-female ratio of congenital UPJ stenosis is 2:1. The left side 
is significantly more frequently affected in isolated cases than the right 
side. In 30% of the cases, both kidneys are affected. The literature does 
not indicate a racial predilection in UPJ stenosis.

Aetiology
At present, the cause of congenital UPJ stenosis has not been clearly 
determined. Extrinsic and intrinsic stenoses are distinguished. Extrinsic
UPJ stenoses are caused, for example, by accessory polar vessels cross-
ing the pelviureteric  junction or by pressure exerted by an external 
tumour. The intrinsic form is characterised by an aetiologically unclear
congenital disturbance in the texture of the ureter wall, which forms a 
stenotic fibrosis at the pelviureteric  junction. This is regularly shown at 
histological investigation. A further cause of an intrinsic obstruction is a 
rare mucous membrane polyp at the pelviureteric junction.

Pathophysiology
The obstruction of the ureter results in a backflow of urine into the 
proximal urinary tract. When there is a functionally effective stenosis, it 
leads at first to a progressive dilatation of the renal pelvis and its calyx-
es. If this dilatation exerts a specific pressure on the renal parenchyma, 
the wall of the renal pelvis and the blood vessels for a certain amount 
of time, the result is, at first, a reversible but in time irreversible loss 
of kidney function due to renal atrophy. This process has been shown 
not to be pure pressure atrophy; the main cause of the hydronephrotic 
atrophy is circulatory disruption of the blood and lymph vessels due 
to increased tension in the renal pelvic wall. Many investigations have 
shown that the loss of kidney function after long-standing obstruction 
is irreversible, even after relief.

Figure 89.2: Prenatal ultrasound image of UPJ stenosis at the 16th (left) and 
20th (right) week; renal pelvis diameter >10 mm.

Normal renal pelvis UPJ stenosis
Figure 89.1: Normal and stenosed ureteropelvic junction.

Prenatal Diagnosis
Prenatal ultrasound (US) can show reliably a dilatation of the renal 
pelvis at the 16th to 20th week of gestation (Figure 89.2), and can be 
used to follow the development of the dilatation during the course of 
pregnancy. The most frequent prenatal foetal abnormality is an iso-
lated renal pelvis dilatation. Not every prenatal dilatation of the kidney 
results in a pathological condition, however. Many low-level prenatal 
dilatations of the renal pelvis can no longer be detected postnatally.

On the basis of many investigations, a prognostic limit for the 
prenatal renal pelvis width has been determined. The limit is around 
10–11 mm for the posterior-anterior diameter of the renal pelvis. 
In general, prenatal dilatations below this value do not result in 
pathological conditions requiring postnatal treatment. Renal pelvis 
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dilatations during pregnancy that clearly exceed this limit and remain 
beyond it urgently require postnatal observation and treatment. In these 
cases, diagnosis frequently shows the presence of an UPJ stenosis 
requiring surgery.1–4

Clinical Symptomatology
The clinical symptoms of a congenital UPJ stenosis present a broad 
spectrum, depending upon the point in time of diagnosis. The majority 
of stenoses of the UPJ diagnosed prenatally by means of US show no 
symptoms either clinically or paraclinically. The newborns show no 
clinical signs of hydronephrosis. The diagnostic indication here is a 
conspicuous postnatal ultrasound image of the kidney associated with a 
prenatally determined dilatation of the renal pelvis.

In the age of prenatal diagnostics, general symptoms, such as poor 
growth, refusal to feed, recurring vomiting, and agitation, are usually 
not observed in connection with the stenosis because treatment begins 
early enough; these symptoms are often observed only in connection 
with an infection of the urinary tract. If US examination is not possible, 
infections of the urinary tract are usually indicative and should lead to 
further diagnostic procedures. Due to early diagnosis and the resulting 
possibility of timely treatment with antibiotics, the incidence of urinary 
tract infections has declined significantly.

In cases where a UPJ stenosis is not diagnosed prenatally or 
neonatally, symptoms other than the general one mentioned above 
arise during the course of the disease: characteristic pains in the 
area of the kidneys, haematuria (in 30% of late diagnoses), palpable 
intraabdominal masses, and infections of the urinary tract. In severe 
cases, the patient can have classic symptoms of urosepsis.

Untreated unilateral UPJ obstructions result in a nonfunctional, 
hydronephrotic, sacculated kidney; as the loss of kidney function 
progresses, children with untreated bilateral UPJ obstructions begin to 
show symptoms of renal insufficiency.5,6

Diagnostics
Clinical Diagnostics
As with all illnesses, prior to imaging diagnostics, a thorough medical his-
tory and physical examination of the child have to be undertaken. Particular 
attention should be paid here to the urination history and the family history. 
There is no known hereditary chromosomal influence in UPJ obstruction, 
although there is familial clustering. Furthermore, there are no typical 
physical malformations that accompany UPJ obstruction. Complete blood 
and urine tests have to be carried out to determine or exclude any accom-
panying nephrological or urological conditions or an infection.
Imaging Diagnostics
The goal of imaging diagnosis in children is to obtain reliable results 
while causing the least possible stress to the child. The following imag-
ing procedures are available for routine diagnosis of a disturbance in 
the transport system for urine:
• ultrasound;

• voiding cystourethrography (VCUG);

• renal function scintigraphy; and

• uro-magnetic resonance imagery (uro-MRI).
In recent years, excretion urography has been used only for special 
examinations due to its high level of x-ray exposure.
Diagnostic Procedure
Generally, the following investigations provide a reliable basis for 
deciding how to proceed with treatment:
• clinical and paraclinical examination: medical history, current sta-
tus, blood and urine tests;

• ultrasound investigation: morphology of the urinary tract as initial 
examination and as a basis for future observation;

• VCUG: to exclude a vesicoureteral reflux; and

• renal function scintigraphy: technetium-99m mercaptuacetlytri-
glysine (T-99m MAG3) scintigraphy to evaluate functional pro-
cesses such as renal perfusion and the renal function of both sides 
separately, as well as to evaluate an existing obstruction and use of a 
furosemide load; and dimercaptosuccinic acid (DMSA) scintigraphy 
to evaluate perfusion, especially after recurring kidney infections.7–9

A UPJ obstruction requiring surgery is present when US regularly 
shows a renal pelvis dilatation of more than 10–15 mm, with 
progressive dilatation. In general, infections of the urinary tract in 
cases of UPJ obstruction arise late, so they do not represent an isolated 
indication for surgery.

The decisive investigation is renal function scintigraphy, which not 
only shows the renal function for both sides, but is especially important 
for determining the flow relationships in the urinary tract collection 
system. In the case of an obstruction, Figure 89.3 shows a mounting 
curve on the affected side. It is important to carry out the T-99m MAG3 
scintigraphy investigation together with a furosemide investigation.

The main reason for VCUG is to exclude a vesicoureteral reflux, 
which is associated with a significantly higher incidence of urinary tract 
infection (UTI). The US image can show a dilatation of the renal pelvis 
with a mega-ureter. The scintigram in Figure 89.3 shows no obstructive 
influence on the urinary flow. 

There are, however, cases with combined malformations showing a 
UPJ obstruction and a vesicoureteral reflux on the ipsilateral side.

A UPJ obstruction requiring surgery shows a clear dilatation of 
the renal pelvis and an obstructive mounting curve with functional 
scintigraphy on an accompanying furosemide investigation. With 
timely diagnosis and treatment, the normal division of renal function 
can be maintained. When there is a clear obstruction, corrective 
surgery should be carried out; without waiting until there are possible 
signs of a loss of renal function in the affected kidney shown in a 
follow-up scintigram. Multiple studies have demonstrated that renal 
function does not improve, even after normal urinary flow conditions 
have been restored.

For any uncertain issues that still exist—for example, the presence 
of different simultaneous renal malformations or of a tumour—imaging 
procedures such as CT or uro-MRI can be employed.

Should the investigations show no flow obstruction of the urinary 
tract, despite sonographically detected dilatation, the child should 
undergo periodic examinations and, if the dilatation of the renal 
pelvis progresses or UTIs develop, the diagnostic procedure should be 
repeated, as shown in the algorithm in Figure 89.4.

Figure 89.3: Renal function scintigraphy with a mounting curve for the left 
kidney, showing one obstructed curve (T-99m MAG3, furosemide investigation).
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Figure 89.4. Algorithm for the diagnosis of UPJ stenosis.
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Treatment of a Congenital Ureteropelvic 
Junction Obstruction

The spectrum of treatment for a congenital UPJ obstruction reaches 
from conservative observation; to application of a temporary, percu-
taneous nephrostomy in acute emergency situations; to plastic recon-
structive organ-preserving surgery methods; to the rare necessary exci-
sion of a nonfunctional organ.

All moderate renal pelvis dilatations for which the clinical, 
paraclinical, and imaging diagnoses have shown no further pathological 
condition beyond the dilatation—in particular, no obstruction with or 
without a loss of renal function—should be kept under regular US 

Figure 89.5: Surgical site intraoperative. The goal of all plastic-reconstructive surgical 
methods is the removal of the hindrance to the urinary flow with retention of the organ.

observation in an outpatient clinic. In addition, regular urine and blood 
tests are necessary. Should UTIs occur, or should the US show an 
increase in the renal-pelvis calyceal system dilatation, a new series of 
urological imaging investigations should be carried out.

The goal of a temporary, percutaneous nephrostomy is immediate 
relief of the kidney, which is usually infected and painful due to the 
hydronephrosis. Normally, this is performed percutaneously under 
general anaesthesia, with US monitoring. This temporary drainage 
of urine results in a reduction in pain, allows an efficient antibiotic 
treatment of the infection, and enables an adequate diagnosis. The 
required surgical procedure can then be carried out on an organ that is 
not infected, and with the patient in the best possible general condition.

An indication for nephrectomy is given only when the renal 
parenchyma is so damaged by obstructive and/or infectious processes that 
the organ has become functionally worthless. The decision to perform a 
nephrectomy can be made only after thorough diagnostic evaluation and 
the reliable demonstration that the kidney is no longer functional. With 
acute hydronephrosis, especially in early infancy, it is advisable, after 
primary percutaneous relief of the kidney, to perform a renal function 
scintigraphy examination once again. In the literature, renal function 
below 10% is frequently given as an indication for nephrectomy.

Surgical techniques can be divided into those that involve resection 
and those that do not. Due to the relatively high rate of recurrence, 
the nonresectional flap techniques have not found acceptance 
internationally. In Figure 89.5, the stenotic region at the ureter junction 
is left in place and is extended by means of a folded-in ureteral flap.

In recent decades, resectional surgical techniques—in particular, that of 
Anderson-Hynes10,11—have gained acceptance. Common to all resectional 
methods is removal of the dysplastic portion of the ureter followed by a 
microsurgical anastomosis to connect the renal pelvis and the ureter. The 
Anderson-Hynes technique is seen today as standard. It can be carried 
out both in open surgery and—with older children, from around age 24 
months—laparoscopically.10,11 Once there is a surgical indication, the 
operation should be carried out regardless of the age of the child. Figures 
89.6 to 89.8 show the essential steps in the Anderson-Hynes procedure.

Especially with small children, conventional open surgical 
retroperitoneal-dorsal access is usually preferred, for example, access 
according to the Bergmann-Israel procedure. After freeing the kidney, 
the renal pelvis, and the ureter, the dysplastic constriction at the 
ureter junction with the prestenotic dilated renal pelvis can be clearly 
seen. After placement of retention stitches, the resection of the ureter 
restriction is undertaken, together with a small part of the dilated 
renal pelvis, in order to avoid a Windkessel function postoperatively. 
Then the renal pelvis-ureter anatomosis is sutured continuously 
microsurgically by using thin, absorbable suture material corresponding 
to the age of the child (e.g., vicryl 6-0 or 7-0).
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Figure 89.6: Resection line renal pelvis, ureter identified by ligature pelvic 
junction obstruction.

Figure 89.7: Resection line: ureter-renal pelvis cut through.

Figure 89.8: Continuous ureter-renal pelvis anastomosis with inserted pyelostomy.

Intraoperative insertion of a pyelostomy or a ureteral stent for 
postoperative securing and splinting of the anastomosis can be carried 
out in different ways. Both methods and whether they should be used at 
all are subjects of debate. If the surgeon decides to install a pyelostomy, 
it should be removed between the 7th and 10th postoperative day. 
Before its removal, the pyelostomy enables one to monitor the flow 
control of the anastomosis by means of x-ray contrast imaging or to 
influence the flow by a temporary “training” of the anastomosis by 
means of pinching it off for a time and then releasing it. For removal 
of an intraoperatively inserted, double-J ureteral stent about 3 months 
postoperative, a cystoscopy under general anaesthesia is required.

According to the international literature, a completely drainage-
free surgery shows no inferior results—in particular, no higher rate of 
anastomosis leakage.12,13

Postoperative Complications
During the immediate postoperative phase, the focus with regard to 
complications is on anastomosis leakages, swelling of the anastomosis 
with resultant backflow of urine, and UTIs.

Intraoperative insertion of drain serves to reduce pressure 
postoperatively in the area of the anastomosis and can prevent a 
backflow or leakage of urine, which aids in recovery.

The patient should be protected against possible postoperative 
infections by perioperative and postoperative intravenous administration 
of antibiotics. This is carried out either on the basis of a antibiotic 
sensitivity or by using a wide-spectrum antibiotic such as cefuroxime, 
adapted for weight.

Outcome 
The long-term results of the Anderson-Hynes procedure are very good, 
with the rate of recurrence of a stenosis being 3–5% in the international 
literature. The most frequent reason for a new operation is the develop-
ment of a stenosis in the area of the anastomosis. In rare cases, suture 
granulomas or connective tissue accretions in the area of the surgery, 
which narrow or deform the pelviureteric junction, can be found.

Decisive for the success of the operation is not the complete 
reduction of the renal pelvis dilatation but the free, unobstructed flow 
of urine, as shown by scintigraphy. This follow-up investigation should 
be carried out 6 months to 1 year after surgery. All children operated 
on for a UPJ obstruction must remain in outpatient care. At the outset, 
regular urinalysis and US examinations should be carried out every 
4 to 6 weeks. If no complications arise, the time between follow-up 
examinations can be extended.14–19

Concluding Comments
Congenital UPJ stenosis is a pathological condition of the genitourinary 
system that can be detected early on during pregnancy by US examina-
tion. These early prenatal signs make possible a timely diagnosis and 
treatment postnatally. Only in very severe cases does the condition 
result in a complete loss of the kidney and serious complications, 
despite timely treatment. As a rule, given timely diagnosis and the indi-
cated treatment, it is possible to maintain kidney function at the level of 
the point in time of surgery without further complications.

Evidence-Based Research
Table 89.1 presents a landmark retrospective review of 1,000 children 
with hydronephrosis. Table 89.2 presents a natural history series of 
children with severe antenatal hydronephrosis managed nonoperatively. 
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1. Congenital hydronephrosis is the most common cause of a 
palpable neonatal abdominal mass, of which ureteropelvic 
junction obstruction is the most likely cause.

2. Not all dilatation seen on ultrasound and thought to be due to a 
ureteropelvic junction obstruction requires surgery.

3. True ureteropelvic junction obstruction must be attended by 
worsening dilatation on sonar and declining renal scan function.

4. An open dismembered pyeloplasty (Anderson-Hynes technique) 
offers excellent surgical outcomes.
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Title Prenatally diagnosed hydronephrosis: the Great Ormond 
Street experience

Authors Dhillon HK

Institution Great Ormond Street Hospital for Sick Children, London, 
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Reference Br J Urol 1998; 81(suppl 2):39–44

Problem Natural history series of 1,000 children with antenatal 
hydronephrosis.

Intervention Anderson-Hynes pyeloplasty.

Comparison/
control
(quality of 
evidence)

Retrospective review.

Outcome/
effect

Demonstrated the essentially benign nature of antenatally 
picked hydronephrosis. Only 5% of children with an AP 
measurement of <20 mm required pyeloplasty.

Historical 
significance/ 
comments

Landmark paper

Title The long-term follow-up of newborns with severe unilateral 
hydronephrosis initially treated nonoperatively

Authors Ulman I, Jayanthi VR, Koff SA

Institution The Ohio State University, Columbus, Ohio, USA

Reference J Urol 2000; 164:1101–1105

Problem Natural history series of children with severe antenatal 
hydronephrosis managed nonoperatively.

Intervention Nonoperative.

Comparison/
control
(quality of 
evidence)

Retrospective review.

Outcome/
effect

Highlights the benign nature of most cases of antenatal 
hydronephrosis, but close follow-up is required to pick up 
children needing pyeloplasty.

Historical 
significance/ 
comments

Excellent natural history series.



CHAPTER 90

Ureteric Duplications 
and Ureterocoeles

V. T. Joseph

Introduction
Duplications of the ureter represent one of the most common anoma-
lies of the urinary tract. Duplications may be complete or incomplete 
and can be associated with functioning renal moieties with orifices that 
open into the bladder. Duplications are often completely asymptomatic 
and often come to light only in the course of investigations for other 
reasons. Clinical problems are the result of obstruction, reflux, or 
ectopic openings, giving rise to hydronephrosis, infection, and incon-
tinence. Antenatal diagnosis provides useful information for postnatal 
evaluation with a view to preserving renal function, when appropriate, 
or removing dysplastic components that potentially may cause infec-
tion and compromise the other elements of the renal tract.

Embryology
The ureteric bud develops from the wolffian (mesonephric) duct 
between 4 to 8 weeks in utero from a point just proximal to the junc-
tion with the cloaca. It elongates in a cranial direction to reach and 
penetrate the metanephric intermediate mesoderm to induce the forma-
tion of the kidney. The portion of the wolffian duct distal to the ureteric 
bud is called the common excretory duct. The common excretory duct 
is absorbed into the urogenital sinus to form the trigone, fusing with its 
component of the opposite side. The opening of the wolffian duct ends 
at the utricle, and the duct gives rise to the prostate, seminal vesicles, 
vas deferens, and epididymis. In females, the wolffian duct eventually 
undergoes involution but may persist as a Gartner’s duct.

Abnormalities of Development
A large number of different types of anomalies of the ureteric bud 
exist. The ureteric bud may be atretic and fail to reach the metanephric 
mesoderm, giving rise to a multicystic dysplastic kidney. Or the ure-
teric bud may originate from a site other than its normal position on 
the mesonephric duct, giving rise to ectopia. The orifice may lie in the 
bladder but lateral or caudal to the normal site. The orifice may also 
lie outside the bladder, in the urethral, vestibular, vaginal, or vassal 
positions. 

In males, ectopic ureters drain proximal to the urinary sphincter 
and hence wetting is not evident. In females, ectopic ureters discharge 
into the genital tract where they bypass the urinary sphincter, thus 
causing the classic pattern of wetting associated with normal voiding. 
Three circumstances associate ectopic ureters with wetting:
• The ectopic orifice is distal to the midpoint of the urethra (females 
only).

• The ectopic orifice is in the vagina (rare) or vestibule (common).

• The ectopic orifice is in the urethra but the hiatus where the ureter 
enters into the bladder wall is at the bladder neck and disrupts the 
sphincter, causing incontinence.

Ureteric Duplications
Ureteric duplications occur either due to bifurcation of a single ureter 
or when two ureteric buds arise from the wolffian duct. Single ureteric 

bifurcation may result in a whole spectrum of anomalies, ranging from 
bifid pelvis to almost complete duplication down to the intramural 
part of the ureter. Complete duplication occurs when two ureteric buds 
arise from the mesonephric duct and meet the metanephric mesoderm 
at separate points, thus giving rise to duplex kidneys. 

In complete duplication, the cranially positioned bud reaches 
the upper portion of the mesoderm and the caudally positioned 
bud reaches the lower portion. However, at the bladder end, the 
relationships become more complex, owing to the tissue migration and 
incorporation into the outflow tract. When the buds are close to each 
other, the ureteric orifices are in the bladder in the normal position. 
When the buds are widely separated, the orifices may be ectopic. In 
such situations, the lower pole ureter (LPU) inserts normally and the 
upper pole ureter (UPU) crosses it anteriorly in the lower third and 
inserts ectopically (Weigert-Meyer law). The UPU is normally dilated 
and tortuous and is connected to dysplastic upper moiety. The lower 
end of the ureter is usually stenotic, causing obstruction, or may be 
associated with a ureterocoele. The LPU is usually of normal calibre 
but may be associated with vesicoureteric reflux.
Ureterocoeles
Ureterocoeles represent a cystic dilatation of the lower end of the ure-
ter. The aetiology of ureterocoeles is not clear; it has been proposed 
that they result from the persistence of Chwalla’s membrane or as a 
result of deficiency of the muscle in the distal ureter. They may be 
classified in several ways; the simplest system is to regard them as 
either intravesical or extravesical. In each category, additional features 
can be described as follows:
• Stenotic: The orifice is very tiny and difficult to identify.

• Sphincteric: The orifice is situated within the urethral sphincter 
zone.

• Caecoureterocoele: There is a caudal extension in the submucosal 
plane of the urethra.

• Blind ureterocoele: There is atrophy of the ureter distal to the ure-
terocoele.

Clinical Presentation
Routine antenatal maternal ultrasonography (US) can identify most uri-
nary tract abnormalities. Currently, two-dimensional US is employed 
in routine screening with detection rates as high as 88%. The 20-week 
anomaly scan is designed to detect major foetal abnormalities as part 
of the foetal anatomical survey. US is highly observer-dependent, so 
the success of the screening program depends as much on the training 
of the professionals as on the quality of the equipment. 

In ureteric duplications, the most common US findings are those 
of hydronephrosis and hydroureter. These findings are not specific 
and require postnatal evaluation to define the anomaly. Bladder 
outlet obstruction due to ureterocoeles presents with signs similar 
to posterior urethral valves and requires postnatal investigation with 
micturating cystourethrography to establish the cause.
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Postnatal presentations are related to obstruction, infection, and 
urinary incontinence. Specifically:
• Acute obstruction occurs at the bladder outflow tract and is caused 
by ectopic ureterocoeles extending into the urethra. This represents 
the most common cause of bladder outlet obstruction in girls and 
is the second most common cause in boys after posterior urethral 
valves. The clinical presentation is that of a distended, palpable 
bladder with failure to pass urine.

• A prolapsing ureterocoele presents as a purplish mass protruding 
from the urethral orifice, showing congestion and oedema. The ure-
thral opening can usually be identified and catheterised.

• Obstruction can also lead to hydronephrosis, which in severe cases 
presents with an abdominal mass.

• Urinary tract infection (UTI) occurs in 50% of cases. Patients present 
with flank pain and fever, indicating a pyelonephritis. This may also 
be associated with failure to thrive and nonspecific abdominal pain.

• Acute epididymo-orchitis in male infants may be the presentation 
of an ectopic ureter. Clinically, the child presents with an acute 
scrotum which is indistinguishable from torsion, and the diagnosis 
is made only on exploration.

• Incontinence in girls may be a manifestation of ectopic ureters open-
ing outside the bladder. The typical history is that of voiding nor-
mally but wetting between voids. The degree of wetting may vary 
from slight dampness to significant leaks. Many cases are diagnosed 
as bladder dysfunction, and the true condition may remain unde-
tected until later years, particularly after pregnancy.

Diagnosis
Ultrasound
The investigation of choice in the initial evaluation of ureteric duplica-
tions and ureterocoeles is the US scan, which includes complete evalu-
ation of the kidneys, ureters, and bladder. The postnatal scan should 
be delayed for up to a week in the newborn because the relative state 
of dehydration at birth may mask some urinary tract abnormalities. 
However, in urgent situations, the scans should be conducted as soon 
as possible. Further investigations then can be used to follow up the 
findings. The kidney may show hydronephrosis of varying severity; in 
a duplex kidney, this may be confined to one moiety, thus making the 
diagnosis easy. In nondilated duplex systems, US scans do not show 
a clear demarcation of the two moieties, and thus other imaging tech-
niques may be required.

Massive dilatation of the ureter is easily identified on US; it 
may be an obstructed ureter usually draining the upper moiety or a 
refluxing ureter to the lower moiety. Ectopic ureters can sometimes be 
identified passing behind and below the bladder, but it is not possible 
to determine the location of its opening with ultrasound.

US is the best modality for identifying ureterocoeles. These are 
visualised as cystic protrusions into the bladder; sometimes, urinary 
jets may be seen from their orifices.
Micturating Cystourethrogram 
A micturating cystourethrogram (MCUG) involves filling the bladder 
with x-ray contrast media via a catheter under fluoroscopy. It is carried 
out in all cases where US has demonstrated a dilated upper tract or the 
presence of a ureterocoele (Figures 90.1 and 90.2). The MCUG may 
show reflux into the lower moiety of a duplex system and thus delin-
eate the dilated ureter. However, where US shows a dilated ureter and 
MCUG shows either no reflux or reflux with a normal calibre ureter, 
the interpretation is that the dilated ureter is associated with the upper 
moiety. In this situation, further investigations are necessary.

Figure 90.1: US scan (left) and MCUG (right), showing ureterocoele. 

Figure 90.2: Large ureterocoele causing bladder outlet obstruction. 

Figure 90.3: Duplex system shown by IVU. 

Intravenous Urography and Magnetic Resonance 
Urography 
Until recently, intravenous urography (IVU) was the only radiological 
method of demonstrating the renal elements in duplication anomalies 
(Figure 90.3). Because the upper moiety is frequently dysplastic with 
poor function it was not possible to visualise it with contrast. Instead, 
radiological signs such as the absent upper calyx, displacement of the 
lower moiety, and indentation of the lower moiety ureter were used to 
infer the presence of a dilated upper moiety.
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Figure 90.4: Bifid system on MRU.

Figure 90.5: Retrograde pyelogram showing duplex system. 

Figure 90.6: DMSA scan showing nonfunctioning lower moeity on the left.

Cystoscopy
Cystoscopy is carried out in all cases of ueterocoeles and duplications 
presenting clinically with symptoms relating to obstruction, infection, 
and incontinence. A single ureteric orifice on the side of the duplica-
tion indicates the presence of an ectopic ureter. This can be further 
confirmed by doing a retrograde study (Figure 90.5) via the single 
opening to demonstrate that it is associated with one ureter going only 
to the lower pole. A careful search of the bladder neck area will usually 
reveal the ectopic ureteric opening. Careful examination of the vulva/
vestibule area in the female may occasionally show the ectopic open-
ing and allow contrast examination to be performed. 
Dimercaptosuccinic Acid Scan
The dimercaptosuccinic acid (DMSA) scan (Figure 90.6) is useful 
because the isotope is taken up only by functioning renal tissue. Thus, 
even a small dysplastic upper moiety may be visualised and the pres-
ence of renal scarring can also be assessed. This information is useful 
when a decision has to be made regarding nephroureterectomy in 
duplex systems.

Management
The principles of management in duplications of the upper urinary 
tract are based on a thorough evaluation of the symptoms and patho-
physiological changes in the systems.

Each case has to be considered individually. Most duplications 
of the upper urinary tract are incomplete, and the majority are 
asymptomatic, being discovered only in the course of investigation 
for some other complaint. These cases do not need any further 
intervention. Complete duplications are often associated with clinical 
problems that require active intervention. The following guidelines are 
just a framework for detailed assessments. 
Vesicoureteric Reflux
Urinary tract infections are often associated with vesicoureteric reflux
into the lower moiety of a duplex system. (Vesicoureteric reflux is 
described in more detail in Chapter 91.) Rarely, reflux can also occur 
into the upper or both moieties. The clinical presentation is that of 
pyelonephritis with fever, loin pain and tenderness, dysuria, and a cul-
ture  positive urine. Children with these symptoms can be very ill and 
need hospitalisation for administration of intravenous antibiotics and 
fluid resuscitation. A broad-spectrum antibiotic such as coamoxiclav is 
combined with one providing gram-negative cover, such as gentamy-
cin, and treatment must be given until there is complete resolution of 
the UTI. The reflux needs to be treated, which can be done by cystos-
copy—an on-table cystogram with endoscopic submucosal injection 
of Deflux®. If this technique fails to stop reflux, then reimplantation 
of the ureter will have to be done. This often means reimplantation of 
both ureters because they can be very close and even share a common 
sheath. In this situation, careful evaluation of the upper moiety func-
tion should be made preoperatively to decide whether preservation of 
this renal element is justifiable.

Obstruction
In some cases where infection occurs in an obstructed system, it is 
necessary to provide urgent drainage in addition to antibiotic therapy. 
This can be done by US-assisted percutaneous drainage if facilities 
are available, or by open nephrostomy. Following this, the anatomy 
and functional state of the affected moiety must be clearly assessed 
and a decision made as to the further surgical procedure that would be 
required. If sufficient renal function is present, the obstruction is dealt 
with by the appropriate method. This usually involves reimplantation 
of the lower end of the ureter into the bladder because most often 
that is the site of the obstruction. Difficulty may arise when a dilated, 
nonobstructed system is present. In this case, conservative treatment 

The introduction of magnetic resonance urography (MRU; Figure 
90.4) has made a dramatic difference in imaging the renal tract. It is 
now possible to sequentially image the entire upper tract and follow 
the ureter all the way down to the bladder and beyond. Even ectopic 
ureters can be traced down almost to where they actually open, thus 
providing vital information for the surgeon.
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with stenting by using a double-J stent and prophylactic antibiotics 
would be an option. The stent is left in for a prolonged period of 3 to 
6 months, and periodic assessments need to be made during this time, 
usually with US. This method has yielded remarkable results in a num-
ber of cases with significant reduction in upper tract dilatation. If con-
servative management fails and recurrent infections are a problem, the 
only definitive treatment is nephroureterectomy of the affected moiety.

Obstruction is usually associated with ureterocoeles and is 
considered next in that context. 
Ureterocoeles
Single-system ureterocoeles are more common in boys than girls and 
are confined to within the bladder. They may obstruct the bladder 
outlet and can be confused with posterior urethral valves. They may 
also cause obstruction to the upper tract, although this is not common, 
and are known to be associated with recurrent UTIs. The treatment 
of choice is endoscopic incision, which is done with a fine electrode 
introduced through the cystoscope. The ureterocoele collapses and 
may not even be visible on subsequent imaging. Excision with reim-
plantation of the ureter is rarely indicated for this lesion.

Duplex-system ureterocoeles are associated with the upper moiety 
and can cause obstruction to the bladder outlet, the lower moiety ureter, 
and prolapse through the urethra in girls, sometimes appearing as a 
reddish-purple swelling at the urethral orifice. The initial management 
in all these cases is cystoscopy and incision of the ureterocoele. 
Subsequently, full investigations are carried out to determine renal 
tract anatomy and function.

A duplex-system ureterocoele associated with very poorly functioning 
upper moiety is best treated by upper pole nephroureterectomy, leaving 
the distal stump of ureter and ureterocoele behind. This usually does 
not cause any further problems.

When both upper and lower moieties have satisfactory renal 
function, the procedure of choice is excision of the ureterocoele and 
reimplantation of the ureters. With large ureterocoeles, the underlying 
bladder wall may be deficient and needs to be repaired to prevent 
diverticulum formation. Excision of the urethral lip of the ureterocoele 
has to be complete to avoid leaving a rim of tissue that can cause 
obstruction to outflow. At the same time, great care has to be taken to 
ensure that the sphincter musculature is not damaged. If both moieties 
have poor renal function, then nephrectomy and removal of as much 
of the ureters as possible is performed.

In some cases, it may be necessary to carry out complete excision 
of the upper moiety, its ureter, and the ureterocoele to achieve a 
satisfactory result. This operation also often requires reimplantation 
of the lower moiety ureter. Previously, this kind of surgery required 
the use of separate incisions for the kidney and bladder parts of 
the procedure. However, with technological advances in minimally 
invasive surgery, it is now possible to do this operation with suitably 
placed ports by using an intraperitoneal or retroperitoneal approach.

Evidence-Based Research
Table 90.1 presents a retrospective study of the long-term effectiveness 
of endoscopic puncture of a ureterocoele in children.

Table 90.1: Evidence-based research.

Title Endoscopic puncture of ureterocele as a minimally invasive 
and effective long-term procedure in children

Authors Chertin B, Fridmans A, Hadas-Halpren I, Farkas A

Institution Department of Urology, Shaare Zedek Medical Center, 
Jerusalem, Israel

Reference Eu Urol 2001; 39(3):332–336

Problem Over a period of years, the surgical approach to ureterocele 
has evolved from complicated major surgery to minimally 
invasive endoscopic treatment. Because of the high rate 
of secondary surgery in some recently reported series, an 
upper pole partial nephrectomy is again recommended as 
the procedure of choice. 

Intervention A retrospective evaluation of the long-term results of 
endoscopic puncture of a ureterocele and its long-term 
effectiveness and applicability in children.

Comparison/
control
(quality of 
evidence)

Over the past 8 years, 34 patients (20 female, 14 male) were 
treated with primary endoscopic puncture of a ureterocele. 
The mean age of the patients was 1.1 ± 4.3 (mean ± SD) 
years. Mean follow-up was 6.1 ± 2.4 years. Antenatal 
ultrasound detected the ureterocele in 5 (14%) patients, 
foetal hydronephrosis leading to the postnatal diagnosis in 13 
(38%); 16 (48%) children presented with symptoms of urinary 
tract infection (UTI). The ureteroceles presented as part of 
renal duplication in 31 (91%) patients, 3 (9%) in a single 
system, and 1 had bilateral ureteroceles of a duplex system. 
Twenty (58%) children had intravesical ureteroceles, and the 
remaining 14 (42%) had ectopic ureteroceles. Very poorly 
functioning upper pole moiety presented in 26 (75%) of the 
cases, and nonfunctioning upper poles in 5 (14%). Twenty of 
34 (58%) children had initial vesicoureteric reflux (VUR) to the 
lower moiety, either to the ipsi- (60%) or contralateral kidney 
(40%). A cold knife incision was carried out in 4 (11.7%), 
puncture by a 3-Fr Bugbee electrode in 20 (58%), and the 
stylet of a 3-Fr ureteral catheter was utilized to puncture the 
ureterocele in the remaining 10 patients (30.3%).

Outcome/
effect

Complete decompression of the ureterocele was observed 
in 32 of 34 (94%) children. Two patients required secondary 
puncture two years following the primary procedure and 
are doing well. Upper pole moiety function improved 
postoperatively in 2 infants and remained stable in all 32 
patients; no patient presented with deterioration of the renal 
function. Six of 20 (30%) patients who had initial VUR to 
the lower pole, accompanied with recurrent UTI, required 
surgery. Three underwent ureteric reimplantation and 
another 3 submucosal polytetrafluoroethylene paste (Teflon®) 
injection. Eight (40%) patients presented with spontaneous 
resolution of VUR to the lower moiety following puncture of 
the ureterocele. An additional 6 (17.6%) patients developed 
VUR to the upper moiety following the puncture of the 
ureterocele, 3 after cold knife incision and 3 after simple 
puncture. In 2, submucosal Teflon injection solved the VUR; 
the remaining 4 patients were maintained on prophylactic 
antibiotics. In 1 child, the reflux resolved spontaneously, and 
no patient presented with UTI. In 2 cases with nonfunctional 
upper poles, partial nephrectomy was performed due to 
symptomatic UTI one and two years following the initial 
puncture, respectively, in spite of complete collapse of the 
ureterocele. No difference was observed in the reoperation 
rate between the patients with ectopic versus intravesical 
ureteroceles (p < 0.05).

Historical 
significance/ 
comments

Endoscopic puncture of a ureterocele presents an easily 
performed procedure that allows the release of obstructive 
ureters and avoids major surgery in the majority of cases, 
even after a long follow-up. 
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1. Duplications of the renal tract are often diagnosed on antenatal 
ultrasound scans.

2. Incomplete duplications rarely cause problems and do not 
require intervention.

3. Complete duplications may be associated with infection, 
obstruction, or incontinence.

4. Recurrent urinary tract infections associated with reflux into the 
lower moiety require an endoscopic antireflux procedure, which 
involves submucosal injection of Deflux® at the ureteric orifice.

5. Obstruction with very poor renal function is best treated by 
upper pole heminephroureterectomy.

6. Obstruction and infection presenting acutely with pyonephrosis 
is treated initially with drainage and subsequently according to 
the renal function present. 

7. Ectopic ureters in the male are single system and open above 
the sphincteric zone. Hence, males do not experience the 
symptom of wetting but can present with epididymo-orchitis. 
Renal function is usually preserved, and the treatment is 
reimplantation of the ureter into the bladder.

8. Ectopic ureters in the female may open either above or below 
the sphincteric zone. They are often associated with duplex 
systems and can present with the symptom of wetting in spite 
of normal voiding. In most cases, the renal element has very 
poor function and the treatment is excision of the upper pole 
with its ureter.

9. Ureterocoeles are easily diagnosed on ultrasound and initially 
are best managed with endoscopic incision.

10. Surgical intervention is required if further problems relating to 
obstruction or infection continue to be present. In such cases, if 
renal function is preserved, the treatment of choice is excision 
of the ureterocoele and reimplantation of the ureter.

11. If the renal element has poor renal function, the treatment 
will be nephrectomy of the upper moiety and ureter, leaving 
the distal stump behind. In some cases, however, it will be 
necessary to carry out complete excision of the upper moiety, 
ureter, and ureterocoele. 

Key Summary Points
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Vesicoureteric Reflux
Sarah Howles

Rowena Hitchcock

Introduction
Vesicoureteric reflux (VUR) is a common childhood condition that 
can be defined as the retrograde passage of urine from the bladder to 
the upper urinary tract due to the failure of the vesicoureteric junction 
(VUJ) to act as a one-way valve. This retrograde flow of urine predis-
poses sufferers to acute pyelonephritis by allowing bacteria to travel 
from the bladder to the usually sterile upper tracts. Pyelonephritis can 
lead to renal scarring (reflux nephropathy), which can progress to cause 
hypertension and renal impairment. In some cases, end-stage renal 
failure may ensue.

Demographics
Although VUR is common, its overall prevalence is difficult to quantify 
because many sufferers are asymptomatic, and invasive investigation 
leading to diagnosis is carried out only when clinically indicated. 
Studies carried out from the 1950s to the 1970s on healthy children sug-
gest that up to 1.8% of newborns suffer from VUR.1 More recently, it is 
has been shown that approximately one-third of children with urinary 
tract infection (UTI) will suffer from this condition.2 

VUR has a well-recognised genetic component, although the mode 
of inheritance remains unclear. If a child suffers from VUR, there 
is a 34% chance that infant siblings will also have this condition. In 
addition, VUR has been shown to be present in 20–66% of the offspring 
of affected parents.3 

VUR demonstrates important gender differences, with girls being 
more likely to suffer than boys. However, girls tend to present later 
than boys (2–7 years versus 0–2 years) with lower-grade reflux, often 
of a functional aetiology. Anatomical factors are more important in the 
aetiology of male disease.4 

A study from the United States investigating the incidence of VUR 
in children with specific reference to age, gender, and race found that 
younger children are more likely to suffer from VUR than older children, 
that girls are twice as likely to be affected as boys, and that white children 
are three times more likely to have VUR than black children.5 

Aetiologies
Vesicoureteric Reflux
VUR can be classified as being either primary or secondary in nature. 
Primary VUR is the product of an anatomical abnormality at the VUJ, 
and secondary VUR is due to abnormally high pressures within the 
bladder, causing an incompetent VUJ during voiding. 

Note, however, that this traditional distinction between primary and 
secondary VUR may be an oversimplification. A proportion of patients 
will have a “borderline” incompetent VUJ with a degree of voiding 
dysfunction (such as detrusor-sphincter dyssynergia), and these two 
factors will act together to cause VUR. Additionally, in the first two 
years of life, intravesical voiding pressures are much higher than they 
are when the urinary system matures. These falling pressures will also 
contribute to the natural resolution of VUR that is seen in some cases.

Primary VUR
In the normal urinary system, a passive flap-valve mechanism prevents 
retrograde passage of urine from the bladder into the upper urinary 
tract, even at the increased pressures experienced during voiding. This 
valve mechanism is created by the terminal ureter travelling obliquely 
from the bladder wall to the trigone in an intramural and then submu-
cosal tunnel. This enables the pressure of urine within the bladder to 
compress the distal ureter against the detrusor muscle and close the 
distal ureter as the bladder fills and then empties. The compliance of 
this valve depends on the length and angle of the intramural tunnel, 
the bladder wall thickness and tone and the site of the ureteric orifice.

In primary VUR, this valve mechanism fails with a ureter that is 
characteristically sited laterally and opens on the base of the bladder 
rather than the trigone. This shortens the intramural and submucosal 
portion of the distal ureter and alters the position of the ureteric orifice, 
resulting in reflux. Anatomical measurements suggest that the ratio of 
tunnel length to ureteral diameter must be at least 5:1 to prevent reflux. 
This observation is fundamental to almost all surgical procedures to 
correct the disorder. As a child grows, both the absolute and relative 
lengths of the submucosal tunnel increase, explaining the spontaneous 
resolution of VUR that is seen in some cases. 

An inadequacy or absence of muscle support of the tunnel due to a 
local or generalised detrusor weakness, or an abnormal configuration of 
the ureteral orifice, can also cause primary VUR.

Secondary VUR
Secondary VUR is associated with such conditions as neuropathic blad-
der or posterior urethral valves, in which an elevated intravesical pres-
sure causes retrograde passage of urine from the bladder to the upper 
urinary tract. Therefore, the initial management of VUR in these cases 
should always be to correct the underlying associated abnormality, for 
example, bladder augmentation to reduce pressures in the neuropathic 
bladder. If VUR still persists, specific surgical intervention to reduce 
VUR can then be carried out. 
Reflux Nephropathy
Reflux nephropathy can be the result of (1) upper tract infections or (2) 
abnormal renal development associated with VUR. These two forms 
of renal injury are not mutually exclusive, however—for example, 
acquired renal scarring can be superimposed on congenital renal dys-
plasia. If a critical amount of renal parenchyma is affected, hyperten-
sion, renal insufficiency, and renal failure can result. Reflux nephropa-
thy accounts for 5–12% of the cases of end-stage renal failure (ESRF) 
in North America, New Zealand, and Europe.6 There are limited data 
regarding the causes of ESRF in the African setting.

Infection
In the presence of VUR, infective organisms from the lower urinary 
tract can be transported to the renal collecting system and parenchyma. 
This can lead to pyelonephritis and scarring, especially in the presence 
of intrarenal reflux—a phenomenon by which the anatomy of renal 
papillae allows backflow of urine into the collecting ducts. The cascade 
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of inflammation resulting from this infective process can result in local 
tissue ischaemia and fibrosis. The kidneys of children younger than 3 
years of age seem to be particularly susceptible to damage in this way, 
which may be the result of reduced levels of such antioxidants as renal 
superoxide dismutase.

Congenital
Many children with VUR are found to suffer from renal damage at pre-
sentation. This was previously thought to be due to a single episode of 
pyelonephritis causing significant renal scarring—a theory named the 
“big bang” effect by Ransley and Risdon.7 It has since become clear, 
however, that much of this damage is due to abnormal renal develop-
ment in association with VUR. This renal dysplasia can be severe and 
may be due to defective interactions between the ureteric bud and 
metanephric blastema. These abnormal interactions may also result in 
the failure of the ureteric bud to migrate to its normal position, causing 
an ectopic ureter or incompetent ureteric orifice. In congenital renal 
dysplasia, a global reduction in functioning renal tissue tends to be seen 
in contrast to the focal, polar scarring seen due to infection. 

Classification 
The severity of VUR historically has been classified by the International 
Reflux Grading System on the basis of the degree of retrograde filling 
and dilatation of the renal collecting system seen on a voiding cysto-
gram. This classification is as follows:
• Grade I: Reflux fills the ureter only without dilatation.

• Grade II: Reflux fills the ureter and collecting system without 
dilatation.

• Grade III: Reflux fills and mildly dilates the ureter and collecting 
system. There is mild blunting of the calyces.

• Grade IV: Reflux fills and moderately dilates the ureter and collect-
ing system. There is mild blunting of the calyces.

• Grade V: Reflux fills and grossly dilates the ureter and collecting 
system. The ureter appears tortuous and there is severe blunting of 
the calyces.
More recently, there has been a trend to describe VUR as either 

dilating or nondilating, with or without cortical scarring or dysplasia. 
This newer classification enables description of VUR from high-
resolution ultrasound (US) images and also fits better with the natural 
history of the disease.

Presentation
Prenatal Presentation
Antenatal ultrasound will detect dilatation of the upper urinary tract. 
Antenatal US is undertaken routinely in the West, and primary VUR 
accounts for at least 12% of the prenatal uropathies that are detected.8 
Male children are much more likely to suffer from prenatally diag-
nosed VUR, with a male-to-female ratio of 3:1.9 Children diagnosed 
prenatally will often progress through evaluation and treatment without 
clinically significant illness.
Postnatal Presentation
The most common presentation of VUR remains symptomatic UTI, with 
girls being twice as likely as boys to present in this way. Unfortunately, 
UTI can be difficult to diagnose in children because the signs and 
symptoms are often nonspecific. It is important to maintain a high index 
of suspicion and consider UTI in any child with an unexplained fever. 
Other possible features include vomiting, diarrhoea, anorexia, lethargy, 
failure to thrive in infants, voiding symptoms in the older child, and 
abdominal pain (particularly loin pain in pyelonephritis).

Occasionally, advanced nephropathy leading to renal failure may be 
the presenting feature, especially in the African setting. This nephropathy 
can be the result of recurrent untreated upper UTI or secondary to 
congenital nephropathy. Renal failure may manifest with the symptoms 

of uraemia such as lethargy, itching, or nausea, or those of untreated 
hypertension such as congestive cardiac failure or headaches. 

A family history may be suggestive of VUR, but a definitive 
diagnosis is impossible in the absence of imaging investigations.

Investigation
Imaging studies form the basis of diagnosis of VUR. In the United 
Kingdom, it is recommended that all children who suffer from a 
proven UTI go on to have renal tract ultrasonography and those with 
severe or recurrent UTIs are evaluated for VUR with micturating 
cystourethrogram (MCUG) and dimercaptosuccinic acid (DMSA) 
scintigraphy. In Africa, the decision to investigate may be modified in 
UTI associated with kwashiorkor. Kala has shown the prevalence of 
UTI in kwashiorkor to be 42% and in these patients US scans did not 
reveal renal tract pathology.10 
Ultrasound
US is a commonly used, noninvasive, and relatively inexpensive inves-
tigation. Renal US allows assessment of renal tract dilatation, renal 
size, renal parenchyma, and visualisation of the bladder (Figure 91.1). 

It is important, however, to appreciate that renal US has a high 
false-negative rate when used to investigate VUR. Many children with 
a renal tract that appears normal on ultrasound can be shown to suffer 
from reflux with the use of an MCUG, but even an MCUG will miss 
VUR in 3–9% of the cases.

Hydronephrosis in the presence of a dilated ureter is consistent 
with VUR, whereas hydronephrosis with a nondilated ureter would 
imply ureteropelvic  junction obstruction. Observation of changes in 
hydronephrosis and hydroureter during and after voiding can be used 
to identify VUR noninvasively. 

Renal size can be measured and followed over time to assess 
growth. Abnormal or dysplastic kidneys will tend to be smaller and 
appear brighter. Measurements of bladder wall thickness can be taken; 
incomplete bladder emptying may be observed in bladder dysfunction. 

High-resolution US allows accurate assessment of the renal cortex 
and cortical loss, and split renal function can be estimated from a three-
dimensional calculation of total cortical volume.

Figure 91.1: Transverse bladder view US scan showing thick-walled bladder 
with bilateral ureteric dilatation.

Micturating Cystourethrography
To perform an MCUG, the bladder is filled with contrast either urethrally 
or via suprapubic catheter. This allows the appearance of the ureters and 
urethra to be observed during voiding. This test also provides informa-
tion regarding bladder capacity and emptying as well as revealing blad-
der trabeculation or diverticula, indicative of bladder outlet obstruction. 
Particular attention should be paid to the posterior urethra in boys to look 
for posterior urethral valves. 

MCUG is the gold-standard investigation for the diagnosis of VUR 
and allows grading of the severity of disease (Figure 91.2). It is an 
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invasive test, however, and should be performed only if the findings 
are likely to alter management. Additionally MCUG should be avoided 
during active UTI.
Dynamic Renography
A less invasive alternative to MCUG is dynamic renography using intra-
venous radioactive mercaptoactyletrigylcerine (MAG3) or diethylene 
triamine pentaacetic acid (DTPA). However, to diagnose VUR, the child 
must be potty trained, and its use is therefore limited in the younger child, 
which is the age group most at risk of infective scarring. Dynamic renog-
raphy is also less sensitive in diagnosing low-grade VUR and is therefore 
mainly used as a follow-up of VUR in the older child. 
Dimercaptosuccinic Acid Scan

DMSA scintography is considered the best modality for assessing 
renal scarring and evaluating differential renal function (Figure 91.3). 
Persistent photopenic deficits, representing impaired tubular uptake of 
radionuclide isotope, correspond to renal scarring and irreversible renal 
damage. Diffuse decreased renal uptake may indicate renal dysplasia. This 
scan, however, does not provide any information regarding VUR itself.
Intravenous Urography
If DMSA is not available, intravenous urography (IVU) is an alternative 
method for assessing renal function, with a poorly functioning kidney 
showing reduced excretion of contrast. 

Management
Medical Management
Many children with VUR are managed nonsurgically. The rationale for this 
is that in the absence of a UTI, there will be no further renal damage, and 
50–85% of cases of mild to moderate VUR will spontaneously resolve.11 

The initial treatment of UTI is discussed in all general paediatric care 
texts, such as the Nelson Textbook of Pediatrics,12 but it should be noted 
that timely initiation of antibiotic therapy is crucial. Animal studies have 
suggested that permanent renal damage can occur in less than 72 hours.13 
Once this initial treatment has been completed, prophylactic antibiotics, 
such as trimethoprim (1–2 mg/kg per day), should be considered. 
Although prophylaxis is useful in some individual children, however, 
there is little evidence that it is effective in reducing infections or renal 
scarring, and prophylaxis is avoided in many countries.

Strategies to improve bladder dysfunction can also reduce VUR. 
Regular, timed voiding should be instituted and, in the presence of 
incomplete bladder emptying, double voiding should be encouraged. 
Anticholinergics may be a useful adjunct in bladder instability, but 
care should be taken not to compound problems of incomplete bladder 
emptying or constipation, which often coexists with bladder dysfunction. 

Commitment from the medical team, child, and family are essential 
to the success of medical management. Arrangements need to be made to 
allow early treatment of breakthrough infections, and the family and child 
need to be motivated to correct voiding dysfunction. If the health care 
system does not allow for early and reliable treatment of breakthrough 
infection, there may be a role for primary surgical intervention. 
Surgical Management
Indications for surgery are relative rather than absolute, and would 
include failure of medical management and reflux that is unlikely to 
spontaneously resolve. Dilating reflux with dysplasia or reflux associated 
with anatomical abnormalities, such as ureteric duplication, are unlikely 
to resolve spontaneously. Endoscopic treatment can be considered from 
the neonatal period onwards if a suitable cystoscope is available, but 
ureteric reimplantation will normally be delayed until the patient is older 
than 18 months of age unless UTIs are particularly severe.

Endoscopic intervention
The endoscopic subureteric injection of a bulking agent to prevent 
reflux was first popularised by O’Donnell and Puri in the 1980s.14 
The bulking agent elevates the ureteral orifice to narrow the ureteral 

lumen, still allowing antegrade flow but preventing retrograde flow. 
A variety of inert bulking agents have been used, including Teflon®, a 
suspension of polytetrafluoroethylene (PTFE) in glycerine, dextrano-
mer-hyaluronic acid copolymer (Deflux®), and polydimethylsiloxane 
(Macroplastique®). Teflon was the first substance used for this purpose, 
but it has recently fallen from favour because it has been shown to 
migrate to other organs, such as the lungs and brain. It is from this 
“subureteric Teflon injection” that the acronym STING was coined. 
Deflux is now the most commonly used bulking agent in Europe.

To allow endoscopic injection, a cystoscope with a working channel 
is introduced into the bladder under general anaesthetic. Through the 
working channel, a rigid or flexible needle is used to inject the bulking 
agent, bevel up, at the 6 o’clock position at the ureteric orifice. The 
needle should be withdrawn after the injection of 0.5–2.0 ml of material, 
at which point a mound should be seen. The ureteric orifice will now 
be elevated so that there is a slit-like opening at the top of the mound. 

An alternative to this classic method is the hydrodistention-
implantation technique (HIT). In this case, a pressurised stream of 
fluid is used to open the ureteric orifice so that a bulking agent can be 
injected directly into the submucosa within the ureteric tunnel. This 
procedure is useful when dealing with larger ureteric orifices.

Endoscopic correction is most useful for the correction of reflux 
that is complicated by breakthrough UTI. Injection may need to be 
repeated, particularly in higher grade reflux, where the HIT technique 

Figure 91.3: DMSA scan showing a small left kidney with cortical thinning and 
upper and lower pole scar. The right kidney is normal.

Figure 91.2: MCUG showing bilateral reflux with tortuous ureters. There is 
dilatation of the pelvicalyceal system with mild blunting of the calyces.
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has improved success rates. However, in “golf hole” or abnormal 
ureteric orifices, it is less likely to be successful, and open surgery may 
need to be considered.

Ureteric reimplantation
Ureteric reimplantation is the definitive method for correcting primary 
VUR. A successful procedure relies on creating a submucosal channel 
for the affected ureter with a length-to-diameter ratio of 5:1 as well as 
on providing good detrusor muscle backing. 

Cohen pioneered a technique that is now the favoured technique of 
most paediatric urologists, as it has a success rate of more than 95% 
and a low rate of postoperative complications.15 In this technique, the 
bladder is opened, and the ureter is cannulated with a feeding tube 
and mobilised intravesically. A submucosal tunnel is made across the 
width of the trigone through which the ureter is then reimplanted. If the 
bladder is small and the ureter dilated, it can be difficult to achieve the 
required length-to-diameter ratio; in this case, the diameter of the distal 
ureter can be reduced by plication. 

Postoperatively, the bladder should be drained for a short period 
either suprapubically or urethrally. The feeding tube used to cannulate 
the ureter may be left in place as a stent and brought out through the 
abdomen or the urethra in females. A current trend, however, is to leave 
no stent in situ unless transient obstruction is a concern. 

An alternative operation is the approach of Lich and Gregoir, in 
which the ureter is mobilised extravesically. The detrusor, but not 
the mucosa, is opened and undermined to create a trough into which 
the ureter is placed. The detrusor can then be closed over the ureter. 
This technique has the benefits of reduced haematuria and discomfort 
postoperatively, but it is unsuitable for dilated ureters and is associated 
with postoperative voiding dysfunction. 

Complications of reimplantation procedures include ongoing VUR, 
ureteric obstruction, haematuria, and infection:
• Persistent ipsilateral VUR will usually be the result of a technical 
problem, such as inadequate length of the submucosal tunnel, inap-
propriate placement of the ureteric orifice, or insufficient ureteral 
mobilisation, but may represent missed secondary reflux with under-
lying untreated bladder abnormality.

• Contralateral reflux may become apparent once the index side has been 
treated because it no longer acts as a pressure-relieving valve. The 
majority of these cases can be managed conservatively or with STING.

• Postoperative ureteric obstruction will often be secondary to oedema, 
blood or mucous clots, submucosal haematomas, or bladder spasm. 
Alternatively, ureteral angulation, ischaemia, or incorrect tunnel 
placement can cause chronic obstruction. Revision reimplantation 
can be undertaken if required, but the ureter should be transected 
outside the bladder before being reimplanted.

• Haematuria will usually be self-limiting.

• Infection should be treated with appropriate antibiotics.

Alternative operative procedures
Cutaneous vesicostomy or loop ureterostomy can be used to decom-
press the systems of young infants whose VUR is complicated by sepsis 
or impaired renal function. Vesicostomy will often fail to decompress 
the upper tracts of an infant with a particularly thick-walled blad-
der; in this situation, a loop ureterostomy may be more successful. 
Vesicostomies or ureterostomies can be reversed in the second or third 
year of life, when voiding pressures have fallen, and the bladder can be 
enlarged either as an isolated procedure or in combination with ureteric 
reimplantation. 

Transuretoureterostomy can be used to manage recurrent VUR or 
ureteric obstruction complicating a reimplantation procedure.

Nephroureterectomy may need to be considered in the context of 
recurrent UTI and a poorly functioning kidney. Leaving the grossly 

scarred kidney in situ exposes the patient to the risk of hypertension 
and resultant systemic damage. If the differential function of the 
affected kidney is less than 10% and the contralateral kidney is normal, 
nephroureterectomy is reasonable. When removing the kidney, the 
ureter should also be resected in its entirety to prevent infection 
associated with a refluxing stump.

Prognosis and Outcomes
The outlook for children younger than 5 years of age with reflux of 
grades I–III is good, with more than 50% spontaneously resolving.11 
Even those with higher-grade reflux may resolve with time, but the 
rates are significantly lower.16

For those patients who do not improve with age, endoscopic 
subureteric injection with Deflux will cure 70% of patients with grade 
III reflux after only one injection.17 For those patients who are not 
suitable for, or fail, endoscopic treatment, open reimplantation will 
definitively treat more than 95% of patients.15,18

Prevention
Although VUR itself cannot be prevented, once it is detected, steps 
can be taken to prevent renal damage. It is essential that UTI be treated 
quickly and effectively. Bladder function should be assessed, uroli-
thiasis excluded, and factors such as constipation, poor voiding, and 
drinking patterns improved. 

Evidence-Based Research
At present, there are no randomised control trials based in Africa 
regarding treatment of VUR. Therefore, decisions must be guided by 
studies carried out in the West. Table 9.1 presents the results of a clini-
cal trial in New York that assesses whether surgical or medical manage-
ment is better in preventing recurrent UTI.
Table 91.1: Evidence-based research.

Title Results of a randomized clinical trial of medical versus 
surgical management of infants and children with grades III 
and IV primary vesicoureteral reflux.

Authors Weiss R, Duckett J, Spitzer A

Institution Albert Einstein College of Medicine, New York, New York, USA 
(coordinating centre)

Reference J Urol 1992; 148:1667–1673

Problem To determine, in children with primary VUR of grades 
III and IV, whether surgical management is better than 
medical management in preventing recurrent UTI and its 
complications.

Intervention Ureteric reimplantation.

Comparison/
control
(quality of 
evidence)

This study monitored 135 patients for new renal damage, 
kidney growth, changes in estimated glomerular filtration rate 
(eGFR), appearance of hypertension, and disappearance 
of VUR. These variables were assessed with urine 
cultures, blood pressure measurements, serum creatinine 
measurements, voiding cystogram, and intravenous 
pyelogram. Follow-up was for five years.

Outcome/
effect

Progression in renal scarring was found in a proportion of 
the patients, but there was no significant difference between 
the two groups (medical versus surgical). Similar rates of 
bacteriuria were found in both groups but medical patients 
were three times as likely to suffer from acute pyelonephritis. 
There were no significant differences between renal growth 
and eGFR between the two groups, and no new cases of 
hypertension. Grade IV reflux spontaneously resolved at a 
rate of 8% per year.

Historical 
significance/ 
comments

Rates of acute pyelonephritis are higher amongst patients 
managed with antibiotic prophylaxis than those undergoing 
surgical reimplantation. Despite this, both surgical correction 
and medical therapy are equally, but only partially, effective at 
protecting the kidney from new renal injury. Grade IV reflux will 
take 9 years to resolve in more than 50% of patients; therefore, 
prolonged medical therapy will be needed in this group.
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1. Renal injury in VUR may be the result of congenital renal 
dysplasia associated with VUR, renal scarring secondary to 
infection, or a combination of these two factors.

2. Progressive renal damage may be prevented by the early 
treatment of UTI and not allowing a pattern of recurrent UTI to 
develop.

3. Taking steps to manage voiding dysfunction is crucial to 
effective medical treatment of VUR.

4. In the presence of mild to moderate reflux and breakthrough 
UTI, endoscopic treatment has an important role.

5. Open surgery should be undertaken only after considering 
medical and endoscopic management.
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Bladder Exstrophy 
and Epispadias
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Introduction
Exstrophy and epispadias are part of a spectrum of anomalies character-
ised by exposure of part or all of the mucosa of the lower urinary tract 
(bladder and urethra) to the external environment through a defect in the 
anterior abdominal wall. At one end of this spectrum is cloacal exstro-
phy, which is the most complex of these anomalies. It is characterised by 
exposure of the bladder mucosa together with the mucosa of the hind gut 
to the external environment through an anterior abdominal wall defect. 
At the other end of the spectrum is epispadias, which is characterised 
by a normal abdominal wall and bladder with a dorsal external urethral 
meatus, which may be anywhere from the base of the penis to the glans 
and may or may not be associated with an incompetent bladder neck 
and sphincter mechanism. Between these two extremes exist variations 
in pathology, with the most prevalent being classic bladder exstrophy. 
In most of the anomalies in this spectrum, there is concomitant bone 
involvement with diastasis of the symphysis pubis.

The most prevalent condition, classic bladder exstrophy, is 
characterised by exposure of the bladder and posterior urethral mucosa 
through a defect in the anterior abdominal wall. It is associated with 
a complete epispadias in boys and bifid clitoris in girls. At neonatal 
presentation, this anomaly results in the continuous dribbling of urine and 
exposure of bladder and urethral mucosa to the external environment. It 
leads to chronic irritation of this mucosa as well as social and emotional 
complications in Africa due to isolation of the affected person. 

The medical literature on treatment of the epispadias-exstrophy 
complex presents many techniques. There is no ultimate excellent 
technique. Techniques used depend on various factors, such as extent 
of the abnormality, surgeon’s experience, hospital staff and skills, and 
possibilities for follow-up, among many others. 

This chapter presents examples of how to tackle the problem, 
specifically in the African situation. This chapter is not intended to be the 
final state-of-the-art approach to exstrophy; rather, the goal is to inspire 
those who are confronted with a child presenting with the epispadias 
exstrophy complex.

Demographics
The incidence of bladder exstrophy in Africa is not known, but various 
studies report it to be 3.3 per 100,000, with a male-to-female ratio of 
2.3:1. In Africa, most children born with extreme congenital anomalies 
are neglected and allowed to die. It is therefore difficult to know the exact 
incidence. The incidence of epispadias is estimated to be 1 in 117,000 
in males, with a male-to-female ratio of 3–4:1. The incidence of cloacal 
exstrophy is estimated to be 1 in 200,000 to 1 in 400,000. The risk of 
transmission from a patient with exstrophy to a child is about 1 in 70. The 
risk of recurrence in a particular family is estimated to be about 1 in 100. 
The worldwide incidence may be affected by antenatal diagnosis, which 
may increase the abortion rate. 

Although rare anomalies, extrophy and epispadias are challenging 
conditions. These conditions are not life threatening if left untreated at 
birth, so the option of no treatment will not lead to death. Therefore, most 
children born with this devastating condition should be offered treatment 

even if they present late. In the African environment, these children 
sometimes present to hospital at age 6 to 9 years or even older.

Embryology
Due to the low prevalence of the condition, the exact aetiology of 

bladder exstrophy is not known. No genetic factors have been identified, 
but there is an increased risk among siblings, which indicates that a 
genetic origin is possible. It is also relatively more common among 
young mothers and multiparous mothers. Exstrophy is believed to result 
from a failure of incorporation of mesoderm into the cloacal membrane, 
leading eventually to rupture of this membrane. An overgrowth of the 
cloacal membrane as well as an abnormal insertion of the body stalk 
may contribute to this. The pathophysiology depends on the timing of 
this rupture. In cloacal exstrophy, the rupture occurs very early before 
the urogenital septum has divided the cloaca into the urogenital sinus 
and the anorectum. Other studies have shown later rupture of the cloacal 
membrane in cloacal exstrophy, suggesting that other factors, such as 
failure of embryogenesis, may contribute to this. 

Epispadias is thought to be due to impaired migration of the genital 
tubercles to the midline. 

Pathology
Classic Bladder Exstrophy
In classic bladder exstrophy (Figures 92.1 and 92.2), the pathological 
process affects the pelvic bones, anterior abdominal wall, pelvic dia-
phragm, urinary system (ureterovesical junction (UVJ), bladder, and 
urethra), the genitalia, and the anus.

	  

	  

Figure 92.1: Classic bladder exstrophy in the female.

Figure 92.2: Classic bladder exstrophy in the male.
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Boney Anomalies
The pubic bones are widely separated. There is a wider angle between 
the sacroiliac bones and the sagittal plane as well as between the sacrum 
and ilium and the ilium and pubis than in normal individuals. This can 
result in a waddling gait. Over time, however, this gait resolves with no 
obvious abnormality. 
Muscular Anomalies
The rectus sheath is attached to the separated pubic bones. The pelvic 
diaphragm also inserts into the widely separated pubic bones and 
forms an intersymphyseal fibrotic band. The normal sphincteric func-
tion is therefore affected, leading to incontinence of urine, sometimes 
incontinence of stool, prolapse of the uterus, and sometimes prolapse 
of the rectum.

Anomalies of the urinary system
The exposed bladder surface is sometimes wide, elastic, and compliant, 
but may be small, fibrosed, and noncompliant. There exists a wide vari-
ation in the size of the bladder plate at birth. Some children have a large 
bladder plate, which can easily be closed, and others have, from birth, 
a small fibrotic plate that is difficult to close. If left unclosed, persistent 
trauma leads to inflammation, fibrosis, metaplasia, and possible carci-
noma later in life. Long exposure to the open air can lead to progres-
sive loss in elasticity and compliance. The UVJ is often incompetent, 
resulting in reflux in nearly all patients with exstrophy of the bladder. 

Anomalies of the genitalia
In male children with classic bladder exstrophy, the penis is completely 
open dorsally as a complete epispadias. The penis has a dorsal chordee, 
which, together with the wide attachment of the corpora cavernosa 
to the separated pubis and short corpora, contributes to a short penis. 
There are, however, other anatomical variations in exstrophy (Figure 
92.3), with the penis sometimes being completely bifid with each cor-
pus attached separately to the pubic bones. The testes and vas deferens 
are usually normal, although there may be associated inguinal hernias. 
The prostate gland does not surround the urethra.

ileum open onto the exposed caecum. There are commonly associated 
spinal, boney, renal, gastrointestinal, and genital anomalies, such as 
bicornuate uterus.
Epispadias
In epispadias in the male, there is a dorsal penile opening of the urethral 
meatus with a dorsal penile curvature. In this anomaly, the spectrum is 
between a meatal anomaly alone and an abdominal wall abnormality 
with wide pubic symphysis and sphinteric incompetence. The exact 
position of the meatus on the dorsal surface of the penis varies and may 
be anywhere from the peno-pubic area to the glans. When in the peno-
pubic region, the whole urethral mucosa is open dorsally. It is always 
associated with some degree of dorsal chordee and may or may not be 
associated with an incompetent sphincter. Vesicoureteric reflux (VUR) 
may also be present.

In the female, the urethral orifice may be lax and patulous in a 
normal position or be found anywhere from the bladder neck to the 
normal position. There may be an associated incompetent sphincter and 
VUR. There is usually associated diastasis of the pubic symphysis. The 
clitoris is usually bifid with an open attachment of the labia minora to 
the separated symphysis, but it may sometimes be normal.

Clinical Presentation
The presentation of bladder exstrophy can vary, depending on the type 
of anomaly. 
Classic Bladder Exstrophy
In classic bladder exstrophy (see Figures 92.1 and 92.2), the newborn 
child may look well in all respects but for the abdomen, which shows 
a huge expanse of abdominal wall superiorly with a low-set umbilicus. 
There is an obvious defect in the lower abdomen, which reveals the 
bladder mucosa with urine dribbling continuously from the ureteric 
orifices. This is continuous with the urethral mucosa, which opens 
dorsally. Sometimes ectopic bowel mucosa is found in association with 
the bladder mucosa. There is a wide gap between the pubic bones with 
attached epispadiac penis in the male. 

In the female, similar abdominal features are noted, but there is a 
bifid clitoris attached to the separated pubic bones. The vagina may 
be short and is relatively anteriorly placed. The labia are also attached 
widely to the pubic bones.

The anus is seen in the perineum in an anterior position. There may 
be associated inguinal hernias.
Cloacal Exstrophy
In cloacal exstrophy, the abdominal wall defect is occupied by two 
hemibladders laterally with caecal mucosa in the middle. The hemiblad-
ders may be joined together superiorly, laterally, or inferiorly. Three 
orifices are noted on the ceacal mucosa. These open into the ileum, 
appendix, and short hindgut. Arrangements of bladder and/or bowel 
mucosa can vary and may not have a classic pattern. Obvious inguinal 
swellings when the child strains demonstrate bilateral inguinal hernias. 

The phallus in the male is obviously short and may have a varied 
presentation, being bifid, unilateral, or rudimentary. In the female, there is 
a bifid clitoris with separated labia. The vagina may be double or single. 

There may be an imperforate anus with variations in anal pathology. 
There may be obvious spinal anomalies, such as myelomeningocoele, 
as well as limb anomalies. Associated anomalies are more common in 
patients with cloacal anomaly and involve practically all systems. 
Epispadias
In males, epispadias presents with a dorsal penile meatus which opens 
anywhere from the penopubic region to the glans. There is an associ-
ated dorsal chordee. The prepuce may be noticed to be ventral and 
deficient dorsally. 

In females, the urethral meatus may be at the normal site but lax and 
patulous with associated dribbling of urine or may be found anywhere 
from the bladder neck to the normal site with a dorsal open urethra 

Figure 92.3: Bladder exstrophy, two hemiscrota, and abnormal perineum 
and anus. 

In female children, there is a bifid clitoris and the labia are attached 
widely to the separated pubic bones. The vagina may be short but is 
otherwise normal, although it tends to be more anterior in position.

Anomalies of the anus
In both males and females, the anus tends to be placed more anteriorly; 
however, it most often functions normally. 
Cloacal Exstrophy
Cloacal exstrophy is characterised by a defect in the anterior abdominal 
wall, exposing the mucosa of the caecum with bladder mucosa on both 
sides of it, and resulting in loss of the hindgut and no development of 
colon. In addition, a short remnant of the hindgut, the appendix, and the 
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distal to the orifice and a bifid clitoris. A definite gap may be palpated 
between the pubic bones. The labia minora may be seen attached to the 
separated pubic bones.

In both males and females, there can be associated incontinence of 
urine due to sphincteric incompetence.

Age at Presentation 
In Africa, age at presentation tends to be late despite the obvious nature 
of this condition. Reasons for late presentation include cultural beliefs 
related to a child born with this condition, lack of finances to support 
the care of the child in a specialised hospital, long distance from spe-
cialist hospitals, and lack of available professionals able to manage this 
condition.

Exstrophy of the bladder may be diagnosed in utero and helps 
prepare the parents for birth in an appropriate child care centre with 
relevant expertise and equipment. It may, however, increase the abortion 
rate and anxiety of parents. Prenatal diagnosis is uncommon in Africa.

Investigations
The diagnosis is made basically by clinical examination, and investiga-
tions are done to rule out other anomalies. An abdominal ultrasound 
(US) examination helps to exclude associated renal anomalies. An x-ray 
of the abdomen and pelvis shows pubic diastasis and the wide angle 
between the pelvic bones.

Management
Exstrophy of the Bladder
Management of exstrophy of the bladder requires the involvement of 
a team of experts to help manage the various aspects of this complex 
anomaly. These include a counsellor, a neonatologist, and a team of 
paediatric surgeons, as well as nurses and anaesthesiologists.
Initial Management 
Initial management involves counselling the parents to help them 
understand the pathological process, the management options, and the 
prognosis. They must be helped to appreciate that, with modern meth-
ods, the child will eventually be dry and continent. In addition, they 
must be helped to recognise the sex of the child in order to appropri-
ately bring up the child. Gender assignment in typical exstrophy is easy. 
In boys, the scrotum is well developed and the testes are descended. 
Even in cloacal exstrophy, the scrotum is developed and the testes are 
descended despite the lack of penile development. In cloacal exstrophy, 
female gender assignment was readily done based on penile under-
development. Recent literature suggests that female-assigned cloacal 
exstrophy boys tend to have a higher prevalence of gender dysphoria. 

In Africa, local beliefs must be taken into consideration and attempts 
made to diffuse the beliefs of parents that may result in neglecting the 
child. The financial burden on the parents must be recognised in the 
initial counselling and suggestions made as to how parents could be 
supported by available groups. In the absence of a team of experts, the 
available health attendant must initiate the counselling process. 

As part of initial management, it is important that the bladder 
mucosa be protected from trauma from gauze, clothing, or the clip 
used on the umbilical cord. The umbilical cord should be ligated with 
a suture to avoid trauma from the clip. The mucosa may be protected 
by using plastic material to cover the mucosa. This is then removed 
and the surface irrigated with saline any time diapers are changed. If 
saline is not available, clean water may be used. The patient must then 
be referred to a tertiary centre where this condition can be managed. In 
most places in Africa, the parents need time to prepare financially and 
socially to move to a tertiary centre. 

At the tertiary centre, the child is examined fully, and necessary 
investigations are done. The patient is cared for by a team of counsellors 
or social workers, neonatologists, paediatricians, anaesthetists, and 
paediatric surgeons, who may include a urologist and an orthopaedic 
surgeon. In some centres, a full team may not be available, and a 

surgeon with interest in managing this condition may be the only one 
to give all the necessary care. The surgeon helps the parents understand 
the various stages involved in the management of their child’s 
condition, whereas the counsellor helps the parents accept the child and 
manage the social implications. 
Definitive Treatment
Surgery should be done as soon as practicable to give the bladder the 
best chance of recovery after reconstruction. The timing of surgery 
depends, however, on the availability of personnel and facilities to 
manage a newborn undergoing an operation that may take several hours 
to complete. There must be a competent neonatal anaesthetist with rel-
evant associated equipment, a surgeon or team of surgeons capable of 
performing an osteotomy and closure of the bladder, a neonatologist or 
paediatrician to assist with care after surgery, and a neonatal intensive 
care unit (NICU) with available equipment and personnel to handle the 
infant. In the absence of a well-equipped NICU, it might be necessary 
to delay the operation until the child is old enough to withstand a long 
operation. An appropriate age may be between 1 and 3 months of age 
in such patients, but surgery can be done from the first day of life. Once 
surgery is considered safe, initial surgery is done.
Surgical Procedures
Surgical options are staged reconstruction, complete primary recon-
struction, or urinary diversion.

Indications for reconstruction include a bladder with a wide 
surface area, good elasticity, and compliance after assessment under 
anaesthesia. A small, fibrotic, inelastic bladder is not a candidate for 
reconstruction, and a form of diversion may be necessary. A bladder 
may be fibrotic at birth, but late presentation with long-term irritation 
tends to contribute to this. This is quite common in Africa. The 
procedures for reconstruction include bilateral osteotomies, bladder 
closure, posterior urethra and abdominal wall repair, epispadias repair, 
bladder neck reconstruction, and antireflux procedure. These can be 
done in one stage or as a staged procedure.

In staged repair, bilateral osteotomies, bladder closure, posterior 
urethra, and abdominal wall repair are done soon after birth. Repair of 
epispadias is performed between 6 months and 1 year of age. Finally, 
bladder neck reconstruction with an antireflux procedure is done when 
the bladder capacity is at least 85 ml.

In complete primary repair, a combination of bilateral osteotomies, 
bladder closure, posterior urethra, and epispadias repair may be done at 
any age in one stage. Bladder neck repair with antireflux surgery is then 
done when the child has an appropriate bladder volume. This approach 
is particularly useful in children who present at an older age, although 
it can be used instead of a staged repair in the neonatal period.

Osteotomies
Types of osteotomies include posterior iliac osteotomy, anterior pubic 
ramus osteotomy, anterior oblique innominate osteotomy, and com-
bined transverse innominate and vertical iliac osteotomy. Osteotomies 
are necessary to ensure adequate repair of the anterior abdominal wall 
without tension, to place the bladder neck and posterior urethra deep in 
the pelvis, and to bring the pelvic muscles to the midline to aid eventual 
continence. In children less than 72 hours postnatal, this may not be 
necessary but should be done if there is any doubt about the ability to 
easily repair the abdominal wall without tension. 

Combined vertical and transverse innominate osteotomies allow easy 
approximation of the pubic symphysis without the need to turn the baby 
during the procedure. Posterior iliac osteotomies are done in the prone 
position, after which the child is turned supine for the bladder repair. 
Anterior pubic osteotomy is not very effective. The anterior oblique 
osteotomy avoids the need to turn the patient. The type of osteotomy 
performed depends, among other things, on the expertise and training 
of the available surgeon. Results are usually acceptable in good hands. 

After an osteotomy, immobilisation of the pelvis is necessary. The most 
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popular means are mermaid casts; however, gallows traction and external 
fixators have been used. The availability of equipment such as external 
fixators in Africa may influence the type of fixation done postoperatively. 
Technique of Anterior Oblique Osteotomy
1. After complete preparation of the child from the nipple to the leg, 
and with the child in a supine position, a skin incision is made along 
the iliac crest, beginning from the anterior superior iliac spine and 
extending posteriorly and deepened until the periosteum is reached. 
2. An incision is then made in the periosteum along the iliac crest 
beginning 1 cm posterior to the anterior superior iliac spine.

3. The periosteum is elevated toward the sciatic notch. Both tables of 
ileum are divided down to the sciatic notch with the aid of an osteotome, 
reciprocating saw or Gigli saw, including cartilage at the level of the 
sciatic notch. This results in free movement of the anterior fragment. 
4. The surgeon then proceeds to repair the bladder.
Technique of Repair of Bladder and Posterior Urethra
1. An incision is made just above the umbilicus and continues around 
the bladder mucosa to a point 1 cm away from the midline in the distal 
trigone on both sides (Figure 92.4(A,B)).
2. This incision is then continued in a parallel manner along the 

	   	  
	  

	  

	  

	  

Source: Gearhart JP. Exstrophy, epispadias and other bladder anomalies. In: Walsh PC, Retik AB, Vaughan ED, et al., eds. Campbell’s Urology, vol 3, 8th ed. Saunders, 2003, CD ROM version, chapter 61. 
Reproduced with kind permission of Elsevier Science. 
Figure 92.4: Technique of repair of bladder and posterior urethra.
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urethral plate distally (Figure 92.4(C,D)) to the region lateral to the 
verumontanum in boys and along the urethral plate in girls. No attempt 
is made to divide the urethra unless there are compelling reasons to 
believe the urethra needs to be lengthened 
3. The incision is deepened in the region of the umbilicus and a plane 
developed between the rectus muscle and the bladder wall (Figure 
92.4(D,E)).
4. The peritoneum is dissected off the bladder and dissection continued 
until the area lateral to the trigone is reached, where the urogenital 
diaphragm will be encountered (Figure 92.4(F)). Ureteric stents must 
be placed early to avoid inadvertently dividing the ureters. 
5. The urogenital diaphragm is sharply dissected off the pubic 
bone deeply, parallel to the bladder and posterior urethra, until it is 
completely separated from the pubic bone (Figure 92.4(G,H)). Traction 
on the pubic bone using skin hooks or a stitch helps to accentuate the 
fibres and aid complete dissection of these fibres. This is a particularly 
important step because it ensures that the bladder neck is placed deeply 
at the end of the procedure and promotes continence later. 
6. The bladder mucosa and posterior urethra are then closed in two 
layers by using long-term absorbable sutures well onto the urethra 
(Figure 92.4(I,J)). The final urethral orifice must be able to admit a 12 
Fr to 14 Fr stent to allow adequate resistance for bladder growth while 
preventing outlet obstruction. 
7. A suprapubic catheter and ureteric stents are left in situ, but no stent 
is left in the urethra (Figure 92.4(K)). Ideally, nonlatex silastic tubes 
should be used, but a Foley catheter may be used instead of a malecot 
catheter for suprapubic drainage, and feeding tubes may be used as 
ureteric stents in the absence of ideal tubes. 
8. Care must be taken not to inflate the balloon of the catheter so much as 
to cause pressure on the thin mucosal wall; the tip of the Foley catheter 
beyond the balloon may need to be cut to avoid pressure in the urethra. 
9. After bladder closure, the trochanters are brought together by the 
assistant and the pubic bones approximated with a #2 nylon stitch, 
ensuring that the knot remains outside the bone to avoid traumatising 
the urethra. A second stitch may be applied to reinforce the repair. 
10. Finally, the abdominal wall is closed in layers. Antibiotics are 
given at induction to reduce the risk of septic complications. 
 Management after Primary Surgery
Postoperatively, gallows traction is applied for 3–6 weeks or an alterna-
tive method of fixation is used.

The child is observed to ensure adequate drainage of urine from 
both ureteric stents. The ureteric stents  are left in situ for 10–14 days, 
and the suprapubic catheter for 4 weeks. The child is discharged, after 
urine examination has been done, abdominal US shows no upper 
tract dilatation, and there is no residual urine. If residual urine is 
observed, the urethral orifice can be calibrated to check for patency. 
Any infection noted on urine examination is treated and the patient 
placed on prophylactic antibiotics due to VUR. Abdominal US at 3 
months and then at 6-month to yearly intervals is used to observe for 
any stasis in the urinary system. The presence of stasis may necessitate 
intervention in the form of dilatation, intermittent catheterisation, 
urethrotomy, refashioning of the bladder outlet, antireflux surgery, or 
urinary diversion. 

Yearly calibration with the aid of cystoscopy and cystography helps 
to assess the bladder volume. At the age of about 1 year, epispadias 
repair is performed because this facilitates a gradual increase in 
bladder volume. 
Technique of Epispadias Repair
There are various techniques of epispadias repair. These include the 
Cantwell-Ransley repair, the Modified Cantwell-Ransley repair, and 
Mitchell’s total penile disassembly method. The aim is to obtain a 

functional, cosmetic penis by correcting dorsal chordee, urethroplasty, 
and glanduloplasty, and providing skin cover.
The Modified Cantwell-Ransley procedure, which achieves good 
results with a low complication rate, is described here (Figure 92.5). 
Testosterone may be given to increase the size of the penis. Repair may 
otherwise be done when the penis has an adequate size.
1. A stitch is placed in the glans for traction on the penis, and a 
longitudinal incision, made at the tip of the urethral mucosa, is closed 
transversely to widen the urethral mucosa at the distal end (Figure 
92.5(A)).
2. The mucosa at the lateral ends of the glans is excised for 
glanduloplasty later (Figure 92.5(B)).
3. Parallel incisions are made over the urethral plate about 18 mm 
apart, from the prostatic urethral orifice to the tip of the penis (Figure 
92.5(A,B,C)).
4. The skin at the base of the penis is incised with a Z-plasty incision 
to reduce the risk of later contracture, and all fibrotic tissue is excised. 
5. The penile skin is dissected off the corpora ventrally from the 
corona to the base of the penis while leaving intact the mesentery 
to the urethral plate, which runs from ventral to dorsal between the 
corpora at the proximal part of the penis (Figure 92.5(C,D)).
6. The corpora are dissected off the urethral plate from the base to the 
tip of the penis while leaving intact the distal 1-cm attachment of the 
urethral mucosa to the glans. It is also dissected partially off the pubic 
ramus (Figure 92.5(E,F)).
7. The urethra is then tubularised with 6.0 polyglycolic acid sutures 
over a size 8 Fr stent (Figure 92.5(I)).
8. The corpora are rotated dorsally over the tubularised urethra and 
sutured together in two layers with 5.0 polyglycolic acid sutures to 
move the urethra ventrally (Figure 92.5(J,K)).
9. The neurovascular bundle may be dissected off the corpora only 
if chordee correction cannot easily be achieved and it is necessary to 
incise the corpora and suture the two defects in the corpora together in 
the middle to correct dorsal chordee (Figure 92.5(G,H)).
10. Glanduloplasty is done over the urethra with 5.0 and 6.0 
polyglycolic acid sutures deeply and superficially. 
11. The ventral skin is split in the midline and brought dorsally for skin 
cover in a bear-hug method (Figure 92.5(L,M)).

If dorsal chordee is too severe to be corrected this way, the urethra 
is considered too short, or skin cover is inadequate, skin graft on 
the dorsum of the corpora after incising the corpora may be used 
for correction of chordee, while skin flaps or grafts may be used to 
lengthen the urethra and for skin cover. 

Many other techniques have been described, and some authors 
advocate that ventral rotation of the corpora results in a better bending 
penis and more penile length. 

Whatever technique is used, any surgeon doing this repair must be 
aware of the lateral course of the neurovascular bundle, and must avoid 
damage to the neurovascular bundle.

Management after Epispadias Repair
Postoperatively, a urethral stent is left in place for 10 to 12 days. A 
Vaseline® gauze dressing may be applied directly to the wound followed 
by a dry roll of gauze held in place with adhesive plaster. The outer dress-
ing may be changed any time it gets wet. After about a week, the wound 
may be exposed and allowed to stay dry. Dressings may be removed 
after 48 hours, and the wound allowed to remain exposed if the child is 
unlikely to handle the wound. The patient may be discharged soon after 
surgery if one can ensure a quick return to hospital if the need arises. 
Otherwise, the patient is kept in hospital until there is adequate healing. 
Analgesics, antispasmodics, and antibiotics are important adjuncts in the 
postoperative management to reduce pain, bladder spasm, and infection. 
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Source: Gearhart JP. Exstrophy, epispadias and other bladder anomalies. In: Walsh PC, Retik AB, Vaughan ED, et al., eds. Campbell’s Urology, vol 3, 8th ed. Saunders, 
2003, CD ROM version, chapter 61.. Reproduced with kind permission of Elsevier Science.

Figure 92.5: Technique of repair of epispadias.

Yearly assessment of bladder volume is done under anaesthesia. 
Assessment of bladder volume may be done with the aid of US, 
cystoscopy, cystography, or urodynamic studies. Urodynamic studies, 
which give added information on pressure in the bladder, are usually 
not available in most African countries. Once bladder volume is at least 
85 ml, bladder neck reconstruction and antireflux surgery is done. This 
may take up to age of 4 years.

If bladder capacity is adequate for age but incontinence persists, 
which is usually the case, then bladder neck reconstruction should be 
considered. Outcome after primary closure tends to be better for girls 
than for boys.
Technique of Bladder Neck Repair
There are various techniques for bladder neck repair. The modified 

Young-Dees-Leadbetter repair gives good results and is described here 
(Figure 92.6).
1. A transverse incision is made at the bladder neck and extended 
vertically in a T-shape. Cohen transtrigonal reimplantation of the 
ureters is then done (Figure 92.6(A,B,C)).
2. A 15- to 18-mm wide and 30-mm long mucosal strip is chosen 
between the midtrigone and prostatic urethra. The bladder mucosa 
lateral to this is excised with the aid of gauze soaked in adrenaline for 
haemostasis (Figure 92.6(D)). 
3. Multiple transverse incisions are made in the muscle edge lateral to 
this strip without making a transverse incision at the border with the 
bladder floor to reduce the risk of ischaemia (Figure 92.6(E)). 



534 Bladder Exstrophy and Epispadias

Source: Gearhart JP. Exstrophy, epispadias and other bladder anomalies. In: Walsh PC, Retik AB, Vaughan ED, et al., eds. Campbell’s Urology, vol 3, 8th ed. 
Saunders, 2003, CD ROM version, chapter 61. Reproduced with kind permission of Elsevier Science.

Figure 92.6: Technique of repair of bladder neck.

4. The strip of mucosa and underlying muscle is then tubularised with 
4.0 polyglycolic acid sutures. The lateral muscle flaps are overlapped 
over the tubularised mucosa using 3.0 polyglyocolic acid sutures 
(Figure 92.6(F,G)).
5. The bladder neck is then suspended on the anterior rectus muscle 
(Figure 92.6(H)). 
6. The bladder, bladder neck, and posterior urethra are completely 
dissected to ensure easy mobility and an adequate repair. 
7. A size 8 urethral stent may be used to assist closure of the urethra, 

but this is not left in situ. Bilateral ureteral stents and a suprapubic 
catheter are placed for urinary diversion (Figure 92.6(I)). 
Management after Bladder Neck Repair
The suprapubic tube is left for 3 weeks. Before removal, it is clamped 
for about 1 hour and then the child is observed for passage of urine. 
If this fails to occur, a size 8 Foley catheter is passed for 5 days and 
then another attempt made to void. These attempts are continued until 
the child is able to void. Some children, however, will be unable to 
pass urine and should be put on intermittent catheterisation. This can 



Bladder Exstrophy and Epispadias 535

be difficult after urethral reconstruction, and some children will need 
continent diversion (Mitrofanoff’s technique) to be able to empty the 
bladder. The child is then discharged and followed up with regular 
US examinations to ensure adequate renal function. It is expected that 
within 1 to 2 years the child should achieve daytime dryness of 3 hours. 
Failure to achieve this is an indication to consider other methods of 
urinary control.
Other Techniques
Various forms of urinary diversion, bladder augmentation, the use of 
conduits, continent diversion, and artificial sphincters are necessary for 
various reasons in the management of bladder exstrophy. Indications 
include small contracted fibrotic bladder incapable of forming a blad-
der, failed repair of bladder, failure to achieve adequate bladder volume 
after primary repair, and failed bladder neck repair. Techniques include 
uretero-sigmoidostomy and modified forms of this, rectal bladders, 
ileocolonic bladders, ileal bladders, injection of bulking agents to 
augment sphincteric action, the use of conduits, and continent stomas. 
These methods may be important in Africa due to the late presentation 
of patients. However, the method chosen must require minimal follow-
up and less cost because follow-up of patients is difficult in Africa. 
Cloacal Exstrophy
Management of cloacal exstrophy is individualised due to the complex 
and varied nature of the anomalies present. Staged repair is particularly 
important here, although complete repairs may be done. Procedures 
that need to be done include repair of spinal defects; stomas for bowel 
management; osteotomies, and other diversions for urinary anomalies; 
and repair of genital anomalies. 

Spinal and bowel anomalies must be dealt with first after the child 
is stable. Urinary and genital anomalies may then be managed later. 

Gender assignment is another important part of the management 
of this condition because the male phallus may be so short that gender 
reassignment may be necessary at the onset. 
Epispadias
Treatment of epispadias in the male follows principles similar to those 
used for exstrophy of the bladder. In those who are incontinent, which 
is usual in penopubic and penile epispadias, urethroplasty is done first 
and then bladder neck repair is done when the bladder volume is 85 
ml. In the absence of incontinence, urethroplasty is done. The Modified 
Cantwell Ransley method and the Young-Dees-Leadbetter repair are 
adequate for urethroplasty and bladder neck repair, but many other 
techniques have been described. 

Treatment of epispadias in the female follows the same principles as 
those used in the male with epispadias. Urethroplasty is done first, after 
which bladder neck repair is done. 
1. For urethroplasty, the patient is placed in a lithotomy position, and a 
vertical skin incision is made on the mons and then extended laterally 
in a Y-shape from the apex of the urethral orifice distally to the open 
urethra between the 3 and 9 o’clock positions. 
2. Parallel incisions are then made from this position proximally to the 
bladder neck. 
3. The strip of urethra between these incisions is excised. 
4. The urethra is tubularised around a size 10 or 12 Fr stent. 
5. The mucosa on the medial aspect of the clitoris and labia minora on 
both sides is excised, and the clitoris and labia minora are repaired in 
the midline. 
6. The skin is then closed in layers, ensuring that fat is brought 
together over the urethral repair.

Bladder neck repair is done when bladder volume is adequate and the 
Young-Dees-Leadbetter repair achieves good results. Reimplantatation 
of the ureters is necessary in many of these cases due to reflux and is 
done in addition. 

Surgical 
procedure

Complication Management

Primary bladder 
closure

Partial or complete 
wound, breakdown 
with wound 
dehiscence

Bladder prolapse, 
inadequate bladder 
volume

Bladder outlet stenosis, 
infection, 
pyelonephritis

Vesicoureteric reflux

Repeat reconstruction, diversion

Bladder augmentation

Urethral dilatation, urethrotomy, 
refashioning of bladder 
outlet, re-implantation of 
ureters

Antibiotics

Osteotomies Poor healing, 
nerve injury, 
osteomyelitis, 
diastasis

Good fixation, rest, antibiotics

Epispadias 
repair

Urethrocutaneous 
fistulas, stenosis, 
short penis, 
unpleasant 
scars, difficult 
catheterisation

Repair, further surgery

Bladder neck 
repair

Persistent incontinence Diversion, bladder augmentation, 
artificial sphincters

Diversion Metabolic acidosis, 
carcinoma, 
electrolyte 
imbalance, 
infection

Monitoring, antibiotics, alkaline 
drugs

Table 92.1: Complications of surgery.

If bladder volume is adequate at the onset, urethroplasty and bladder 
neck repair can be done in one stage. 

Postoperative Complications 
Table 92.1 outlines possible complications of surgery related to bladder 
exstrophy and epispadias.

Prognosis and Outcomes
The outcome of staged primary reconstruction and combined recon-
struction has improved over the years. Continence, defined as daytime 
dryness of at least 3 hours, is obtained in 60–90% of patients. Success 
in becoming continent is related to the number of times surgery is done 
to close the bladder, the use of osteotomy after the age of 72 hours, and 
a bladder volume of at least 85 ml prior to bladder neck repair. 

Urinary diversion has resulted in continence in up to 90% of patients 
whenever this has been necessary. This, however, may be associated 
with the risk of metabolic complications, infection, and carcinoma later 
in life. 

Sexual function has been shown to be normal in most male and 
female patients with exstrophy. The male genitalia remains short, and 
further surgery may be needed to achieve better length and to excise 
unsightly scars later in adult life. Females may require vulvoplasty 
and/or vaginoplasty in adult life. Libido, erection, and orgasm occur 
successfully in both males and females. 

Fertility is poor in males. It is poorer, however, after primary 
reconstruction than after urinary diversion due to malejaculation in the 
former procedure. Assisted reproductive techniques, such as gamete 
intrafallopian transfer, can be used successfully in these patients. 
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these children. Education about this condition should be instituted at 
the community level to help change concepts and make it possible 
for affected children to receive adequate care on time. Social groups 
with interest in such conditions need to be established to help provide 
financial and other social support so that parents do not abandon their 
children due to inability to bear the burden alone. Such groups may also 
help influence policy makers to ensure that policies are made to benefit 
these children. 

Evidence-Based Research
Table 92.2 presents a retrospective study of a large number of patients 
that showed that bladder volume is an important determinant of conti-
nence after bladder neck repair.

Title Modern staged repair of bladder exstrophy: a contemporary 
series

Authors Baird AD, Nelson CP, Gearhart JP

Institution Division of Pediatric Urology, Brady Urological Institute, 
The Johns Hopkins Hospital, Baltimore, Maryland, USA; 
Department of Urology, Royal Liverpool University Hospital, 
Merseyside, Liverpool, UK 

Reference J Pediatr Urol 2007; 3(4):311–315

Problem Outcome after modern staged repair.

Intervention Staged repair of exstrophy of the bladder.

Comparison/
control
(quality of 
evidence)

Patients with bladder volume of at least 85 ml after
repair of the bladder and compared with those who
attained less bladder volume.

Outcome/
effect

Most patients who had a bladder volume of at least 85 ml after 
repair of the bladder were continent, compared with those who 
attained less bladder volume.

Historical 
significance/ 
comments

This study provides a guideline in decision making as to which 
patients should undergo bladder neck repair and the best 
stage at which bladder neck repair is likely to be successful. 
It also helps in the decision of when to divert urine rather than 
proceed to do a bladder neck repair that is likely to fail. Before 
proceeding to bladder neck repair, the patient should have a 
bladder volume of at least 85 ml.

Table 92.2: Evidence-based research.

Females are fertile and have borne children successfully with this 
condition. Prolapse of the uterus is a common complication for which 
repair must be done. 

For those with cloacal anomalies, modern techniques have made it 
possible for most to live independent lives. They may have to live with 
permanent stomas, but they remain socially continent.

Outcomes after surgery for epispadias are better than those for 
bladder exstrophy.

Ethical Issues
Exstrophy could be used as an example of the differences in approaches 
to congenital anomalies, depending on the place of birth. Whereas in 
most European and North American societies, children with exstrophy 
are transferred to referral centres within the first 48 hours of life, this 
is not the case in Africa. With neonatal referral, neonatal staged or 
complete repair is the first choice and offers the best chance of a final 
good outcome. 

Even prenatal detection has changed the scene. In some European 
countries, early abortion after prenatal diagnosis is the rule. 

Late referral, with children presenting as late as 6 or more years 
of age, is common in Africa, however. The bladder at this stage may 
be fibrotic and metaplastic, making urinary diversion a particularly 
important option for many in Africa. It is still possible, however, to 
find bladders that are compliant and elastic enough to allow primary 
reconstruction; combining bladder closure with epispadias repair may 
be the option of choice in such cases.

Next to late referral, other factors that contribute to prognosis in 
Africa include the cultural understanding of the condition, availability 
of experts to help manage this condition, and availability of resources. 
In a number of African communities, children born with such conditions 
are considered abnormal and may be neglected, with no attempt made 
to seek medical attention. The lack of financial resources and distance 
from a hospital with required expertise may contribute to this problem. 
Such children may therefore die or grow as social outcasts with possible 
psychological implications.

In Africa, where resources are scarce, it is important that a few 
centres be set up in each country or region in which resources and 
expertise are concentrated to help provide the best care to most of 

1. Exstrophy of the bladder is part of a spectrum of diseases of 
varying severity.

2. Exstrophy of the bladder may result in carcinoma and social 
isolation.

3. Use plastic material to protect the bladder mucosa soon after 
birth.

4. Early surgery gives the best opportunity for reconstruction but 
must be done at an age when available support facilities can 
adequately maintain the child postoperatively. 

Key Summary Points

5. Osteotomy is necessary after 72 hours of age.

6. Complete dissection of the urogenital diaphragm from the pubic 
bone is necessary for adequate closure of the bladder.

7. Bladder neck reconstruction gives the best results when bladder 
volume is at least 85 ml. 

8. With modern reconstructive techniques, 80–90% achieve social 
continence.

9. Urinary diversion is important in the management of a number of 
patients and requires long-term follow-up.
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CHAPTER 93

Urethral Valves
Stefan Wolke

Christopher C. Amah

Introduction
Posterior urethral valves (PUVs) are a rare malformation in the subcol-
licular region of the male urethra. They cause varying obstructions of 
the lower urinary tract. The resulting secondary pathological condi-
tions extend from mild—in part, clinically unmanifested—urinary 
dysfunctions to severe, bilateral changes in the upper urinary tract and 
associated renal failure. The literature puts the incidence between 1 in 
5,000 and 1 in 8,000 male births. No clear hereditary association has 
been demonstrated, although a certain hereditary aspect is probable.1 
An incidence in identical twins and, very rarely, a familial cluster have 
been described in the literature. There are usually no concomitant mal-
formations outside the genitourinary tract. 

The modern literature on PUVs had its origin in the publications of 
Young et al. in 1919.2 Their differentiation of three types of valves is 
a subject of debate, but is still used regularly. From the perspective of 
paediatric surgery, type I and type III urethral valves are of particular 
significance. In these, the flow of urine is opposed either by mucous 
membrane folds projecting “backdrop-like” into the lumen in lithotomy 
position from 7 to 5 o’clock directly below the seminal colliculus (type 
I), or by an aperture-like stenosis (type III). 

A more recent description of the valve structures with the designation 
COPUM (congenital obstructive posterior urethral membrane) 
subsumes Young et al.’s type I and II valves into one class. Endoscopic 
observations agree well with this classification, when it is taken 
together with the different structure known as “Cobb’s collar”, which is 
clearly distal of the seminal colliculus.3

Aetiology
The embryological aetiology of PUVs is not clear. The physiological 
and morphological changes do not fit easily into the accepted idea of 
the development of the urethra out of parts of the embryonic cloaca, 
the urogenital sinus, and parts of the wolffian duct. Further, dysplastic 
changes in the kidneys in severe cases of urethral valves suggest a dys-
ontogenetic aspect in the development of the wolffian duct derivatives 
beyond the purely secondary changes resulting from the distal obstruc-
tion. Histologically, it is possible to find parallels here to findings 
obtained in cases of multicystic diseased kidney (MCDK).4

In addition to PUVs, so-called anterior urethral valves in the 
more distally located part of the male urinary tract occasionally 
have been described. These may represent a separate condition; they 
appear extremely rarely and have not been described uniformly in the 
literature. Therefore, they will not be covered in this chapter. 

Pathological Features
In regions with a well-developed prenatal diagnostic infrastructure, 
suspicious findings pointing to urethral valves can be obtained early in 
pregnancy. Severe secondary changes, such as megacystis and bilateral 
hydronephrosis, are already visible in the 10th to 12th week of gesta-
tion.5 For the most part, however, the pathological findings are obtained 
during the second trimester screening ultrasound (US) after the 20th 
week of pregnancy (Figure 93.1). At this point in utero, the kidneys 

are largely developed. As a result, intrauterine measures to protect 
the foetal kidneys are of doubtful value. The complete sonographic 
urethral valve picture with megacystis (keyhole bladder), bilateral 
hydronephrosis, and oligohydramnios need not be present, even in the 
case of a pronounced finding of urethral valves. More frequently, one 
finds—in addition to a conspicuously large, rarely emptying bladder 
(see Figure 93.1)—a single-sided hydronephrosis. In some cases, the 
subvesical obstruction causes a backup of urine that is relieved over 
a rupture, usually spreading out into the fornix area of the kidney, or 
more rarely of the urinary bladder. These cases become conspicuous 
because of an associated urinoma or an associated ascites.6 This “pop-
off“ mechanism can bring about protection of the kidneys. If, as a result 
of the inadequate foetal excretion of urine, anhydramnios develops, 
the child shows the renofascial dysplasia known as Potter sequence. 
These children are not viable. In the case of oligohydramnios, as well, 
lung development and maturation of the foetus can be disturbed, which 
results in a disruption of postnatal adaptation.

Figure 93.1: Foetal US (left) showing PUV and foetal magnetic resonance 
imaging (MRI; right) showing large bladder.

Source: Courtesy of Kokila Lakoo, Oxford Children’s Hospital, Oxford, UK. 

Neither the sonomorphology alone nor the point in time at which 
the secondary pathologies are determined are reliable predictors for the 
outcome of the patient. In addition, investigations of the foetal urine do 
not result in additional useful indications. The creatinine and urea of the 
foetus are excreted through the placenta through the mother’s kidneys, 
so only after the first day of life can the retention parameters of the 
child be taken as an expression of the child’s own renal functioning. 

The natural course of the pregnancy when urethral valves are present 
does not result in a relevant premature delivery. In a case of megacystis or 
ascites causing displacement, foetoamniotic shunting or serial puncture 
can be considered. Experience with vesicoamniotic shunting has not 
been good due to frequent dislocation of the shunt. Serial amniotic fluid 
instillation also does not improve the prognosis. Because intrauterine 
interventions, including foetoscopic ablation of the valves, have to be 
carried out late in pregnancy, the prognostic advantage for the baby has 
to be questioned. In addition, as is often the case in prenatal therapy, 
we lack reliable prognostic factors for establishing reliable indication 
for therapy for individual cases. It is probable that prenatal diagnosis 
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of PUV and the immediate postnatal therapy improve outcome only in 
cases with the most pronounced findings.

Given the situation of medical care in developing countries, both 
prenatal and, perhaps, postnatal sonographic diagnosis cannot be placed 
in the foreground.7 In one reported series,8 all diagnoses were based on 
postnatal US, micturiting cystourethrogram, and urethrocystoscopy in 
older children and adolescents. The great majority of patients become 
conspicuous due to the symptoms of urethral obstruction. These 
are mainly difficulty in urinating, recurring urinary tract infections 
(UTIs), or a palpable intraabdominal mass. This means that there can 
be a considerable delay in making a relevant diagnosis. The presence 
of associated urinomas or an associated ascites is possible. Special 
attention should be paid to urinary irregularities and to performing 
further diagnostic tests after recurring UTIs in boys.

Diagnostic Work-Up
Transperineal US can be used to detect urethral valves. However, the 
diagnosis of urethral valves is made on the basis of a voiding cysto-
urethrography (VCUG) (Figure 93.2). This shows the dilated proximal 
urethra; the deformed, thick-walled urinary bladder with pseudodi-
verticuli; and (usually) the vesicoureteral reflux (VUR) (Figure 93.3). 
In cases of pronounced pathology of the upper urinary pathways 
involving disruption of urinary transport (grades IV–V), VUR can be 
absent. Even in the case of unclear findings with involvement of the 
upper urinary tract, diagnostic/therapeutic cystoscopy is recommended. 
Repeated determination of the retention parameters is necessary as a 
basis for estimating the global functioning of the kidneys. Initial patho-
logically raised retention parameters (serum creatinine > 1 mg/dl) and, 
more significantly, raised retention parameters later than two weeks 
after treatment are prognostically unfavorable results.9 For the evalua-
tion of single renal clearance and, if necessary, to determine the extent 
of the urinary transport disturbance, the authors perform, after therapy 
at no earlier than the age of 6 weeks (corrected for gestation age), a 
technetium-99m mercaptuacetyltriglycine (Tc-99m MAG3) scan with 
a furosemide (Lasix®) load (Figure 93.4).

Treatment Protocol 
On suspicion of urethral valves, treatment of the symptoms is more 
important than diagnostics. Symptomatic therapy generally consists 
of insertion of a transurethral or vesical catheter to drain off the urine. 
Normally, there is no difficulty in overcoming retrograde entrance of 
the valve structures with a catheter. If urine drainage is expected to 
last longer than 2–4 weeks, surgical urine drainage such as vesicos-
tomy is preferable.

At every age, treatment consists of endoscopic ablation of the 
urethral valves.
1. Incision of the valve structures using a neodymium:yttrium 
aluminium garnet (Nd:YAG) laser over a 6 Fr cystoscope can be 
carried out even with the majority of prematurely born children. 
Fundamentally, laser ablation using the Nd:YAG laser in contact 
procedure with the bare fibre is preferred. 
2. With endoscopic monitoring employing very precisely dosed energy, 
the valve structures are incised at 12, 5, and 7 o’clock with the patient 
in the lithotomy position. 
3. A bladder catheter is inserted for 1 week. Before the patient is 
discharged, the result of surgery is checked once again cystoscopically.

The alternative surgical option is cold incision of the structures 
by using the endoscopic resectoscope, which is larger in size. 
Electrocoagulation (fulguration) is not recommended for infants due to 
the risk of urethral strictures, which have not been observed after use of 
the laser. Technically simpler methods for destroying the valve structures 
are the use of a balloon catheter (either blind or with x-ray monitoring) 
or a transurethral incision by using the Mohan urethral valvotome.10 In 
developing and resource-poor countries, catheter balloon avulsion, open 

Source: Courtesy of Kokila Lakhoo, Oxford Children’s Hospital, Oxford, UK. 

Figure 93.2: Micturating cystourethrography (MCUG) showing PUV and sequel.

Source: Courtesy of Kokila Lakhoo, Oxford Children’s Hospital, Oxford, UK. 

Figure 93.3: Postnatal US showing thick bladder wall.

Source: Courtesy of Kokila Lakhoo, Oxford Children’s Hospital, Oxford, UK. 

Figure 93.4: MAG3 scan showing 4% function in the left kidney and 96% in the 
right kidney.

(suprapubic) excision, and endoscopic transurethral fulguration of the 
valves remain the main modalities of treatment.

Endoscopic treatment of the valves is the only causal therapy. 
Restoration of unimpeded flow in the urethra is the necessary 
precondition for the physiological and functional rehabilitation of 
the urinary bladder and the upper urinary tract. However, successful 
treatment does not ensure that the secondary pathologies will be cured. 
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Since the obstruction was present and active prenatally, it leads to 
functional and structural changes in the urinary bladder and the upper 
urinary tract known as the valve-bladder syndrome.

After successful treatment, the authors have observed both a 
complete restoration of urine flow as well as chronic functional 
disturbances of the urinary bladder and the kidneys. In the authors’ 
patient population, all boys with a continued pathological increase in 
the retention parameters 2 weeks after successful surgery developed 
a terminal renal failure before reaching the age of 11 years.9 The 
disorders in bladder function can be not only a lazy bladder, but also a 
hyperreflexive bladder of low capacity. The morphological correlates 
are a bladder with a large volume with high compliance and a significant 
amount of residual urine or a small bladder with a thick wall and low 
compliance. Urodynamic examinations of boys with a conspicuous 
pattern of excretion after the first year of life are conducted. An isolated 
enuresis nocturna as the sole symptom of a urethral valve disorder has 
not been observed. A subjective and objective reduced flow of urine 
requires clarification (sonography, VCUG, or possibly cystoscopy).8

If there is no possibility of a quick endoscopic treatment, surgical 
vesicostomy offers the possibility of an effective and technically simple 
temporary treatment.

From the perspective of maximal protection of the kidneys, a 
persistent restricted renal function can make introduction of a high 
diversion necessary. This can be achieved, for example, by means of 
a terminal cutaneous ureterostomy, loop ureterostomy, ureterostomy 
according to Sober, or pyelostomy. Catheter nephrostomy is suitable 
only for short-term relief due to the risk of infection. A vesicostomy 
after a successful treatment of the valves is not indicated and should 
be considered only in the case of nonrelevant, proximal disruption of 
urine transport. 

Conclusion
In summary, in a case of conspicuous urethral valves—after immediate 
symptomatic treatment and carrying out the endoscopic procedure as 
quickly as possible following evaluation of the renal function—treat-
ment of possible secondary pathologies such as VUR, renal flow 
obstruction, and voiding disorders should be undertaken in the first 
year of life, but as conservatively as possible. After the passage of a 
year, new examinations (sonography, VCUG, scintigraphy (if neces-
sary), and urodynamics) are carried out to determine the course of the 
condition and whether there is need for a directed therapy. Any therapy 
here would focus on the individual primary conditions (ureteropelvic 
junction stenosis, ureteral orifice stenosis, severe vesicoureteral reflux, 
etc.) and be based on the criteria for their treatment. All children with 
initial restricted renal function—in particular, with persisting global 
renal restriction—have to be in nephrological/paediatric surgical (uro-
logical) outpatient care. 

Studies have shown that, despite adequate surgical treatment, 
patients with an initial urethral valve symptomatology only rarely 
show no morphological or functional urinary tract pathologies on 
in-depth follow-up examinations. The prognosis of valve patients 
requiring transplants also depends on whether there are any persisting 
bladder dysfunctions. The bladder dysfunctions can be influenced 
therapeutically—for example, by medication. With this approach, it is 
possible to improve long-term prognosis in the treatment of posterior 
urethral valves.
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Hypospadias
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Introduction
Hypospadias is a wide spectrum of abnormalities involving the inferior 
surface of the penis and having in common a urethral opening that lies 
on the inferior surface of the penis, (hypo = under; spadias = opening 
or rent). 

The spectrum of hypospadias anomalies includes an abnormal 
urethral opening, chordee (ventral curvature of the penis), an incomplete 
prepuce, rotation of the penis, abnormal raphe, and disorganised corpus 
spongiosum and penile fascia.

Worldwide, hypospadias surgery is known to be challenging and 
technically demanding. In some parts of Africa, this is complicated by 
unawareness and some deleterious cultural and religious beliefs. Hence, 
the majority of hypospadias patients in Africa are referred late, already 
circumcised or with signs of mutilation due to failed repair or cultural 
practices. In addition, suboptimal theatre conditions, lack of delicate 
instruments and suture materials, and high infection rates in some parts 
of Africa make hypospadias repair even more difficult.

Epidemiology
Hypospadias is the most frequent congenital urological anomaly, occur-
ring in 1–3 per 1,000 live births. The incidence varies geographically 
from 0.26 per 1,000 live births in Mexico to 3.9 per 1,000 live births 
in the United States.1

Reports have suggested that the prevalence of hypospadias varies 
across different races, being highest among caucasians, less in 
Hispanics, and least in blacks.2 

Embryology
During the 3rd week of gestation, mesenchymal cells migrate around 
the cloacal membrane to form slightly elevated cloacal folds. During 
the 4th week, the cloaca folds cranially to form the genital tubercle, 
and caudally to form the urethral folds anteriorly and the anal fold pos-
teriorly. In the meantime, another pair of elevations, the genital swell-
ings, become visible on each side of the urethral folds. These swellings 
later form the scrotal swellings in the male and the labia majora in the 
female. Until the end of the 6th week, it is impossible to differentiate 
between the two sexes.3 

Development of the external genitalia in the male is under 
the influence of androgens secreted by the foetal testis and is 
characterised by rapid elongation of the genital tubercle, which is 
now called the phallus. During this elongation, the phallus pulls 
the urethral folds forward so that they form the urethral plate. This 
urethral plate extends along the undersurface of the elongated phallus 
into the glans (Figure 94.1).

The origin of the urethral mucosa has been variously described as 
endodermal,4 ectodermal,5 or mixed.6 In the 1950s, Glenister proposed 
that the male urethra develops by fusion of the urethral folds over 
the urethral groove.7 This fusion extends from the proximal to the 
distal end of the penis. The last part of the formation of the urethra 
is the canalisation of a cord of ectodermal cells extending from the 
apex of the glans to the distal end of the developing urethra. Thus, 

the distal urethra is the last to form and also the most common site 
of hypospadias.8,9 The mesenchyme in the urethral folds subsequently 
becomes the corpus spongiosum. A ridge just proximal to the corona 
develops at about the 8th week of intrauterine life. This ridge is carried 
distally by active mesenchymal growth around the corona to form a 
cone-shaped prepuce. A defect of the urethra would, therefore, prevent 
the ventral aspect of the cone from developing. By the 12th week of 
intrauterine life, the labioscrotal folds fuse completely in the midline 
to form the scrotum.10,11

The formation of the urethra is still a matter of speculation. The 
long-accepted assumption that the urethra forms by fusion of the 
urethral folds in the midline—similar to closing a zipper—has been 
challenged in recent years. Van der Putte and Kluth failed to find any 
evidence of midline fusion.12–15 Furthermore, the fusion theory cannot 
explain the wide spectrum of anomalies associated with hypospadias, 
such as chordee with or without hypospadias, torsion and different glans 
configuration, and meatus size commonly encountered in hypospadias.

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 

Figure 94.1: Normal urethral development. The urethral meatus shifts distally as 
the embryo gets older to reach the distal glans at about 20 weeks of gestation.  
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Aetiology
A unifying aetiology for hypospadias remains elusive. Hypospadias 
probably results from multiple factors—namely, endocrine, genetic, 
and environmental. 
• Endocrine: Hypospadias may result from disruption in the synthetic 
biopathway of androgens, defective local androgen receptors, or a 
subnormal testosterone response to human chorionic gonadotropin 
(hCG) stimulation. 

• Genetic: Hypospadias may have a complex genetic background. 
The familial incidence of hypospadias is about 7%, which reflects a 
nonfamilial sporadic finding in most cases.16 

• Environmental: The incidence of hypospadias is increasing world-
wide. One possible explanation is environmental contamination. 
Insecticides, pharmaceuticals, plant estrogens—the so-called “endo-
crine disruptors”—have been incriminated.17 

Morphology 
Hypospadias presents in various ways. The abnormality usually affects 
more than one component of the male organ. It is very important for 
the surgeon operating on hypospadias to be aware of its different mor-
phological features. Such variations influence dramatically the choice 
of the most suitable operation for an individual patient. 

The task of the hypospadias surgeon is to try to correct all the 
different components of the hypospadias spectrum and not just bring 
the urethral meatus to the tip of the glans penis. The surgical technique 
that is suitable for a child with a cleft glans and wide, well-vascularised 
urethral plate is totally different from the technique suitable for a 
patient with flat glans and fibrotic, nonpliable, narrow urethral plate. 
For this reason, hypospadias surgery differs from surgery for most other 
anomalies of the human body. 
The Meatus
The common shape of meatus in hypospadias is the transverse form. In 
some patients, the meatus may look like a longitudinal fissure, but in 
fact it is circular at the proximal end of the fissure. The other common 
type is the pinpoint type of meatus. The pinpoint opening may be sur-
rounded by a soft yielding tissue that dilates during micturition or may 
be surrounded by a fibrous ring that may cause difficulty to pass urine. 
In glanular hypospadias, there may be an elevation (bridge) distal to 
the meatus. This usually suggests that the urethra is mobile and can be 
stretched to the tip of the glans. The double-Y glanuloplasty (DYG) or 
Meatal Advancement and Glanuloplasty Incorporated (MAGPI) tech-
nique is suitable for such cases.

There may be several openings, which represent openings of para-
urethral canals or lacula of Morgagni. The presence of a distal opening 
may lead the parents and the inexperienced practitioner to think that the 
hypospadias is more distal that it really is. As a general rule, the most 
proximal orifice is the actual urethral orifice connected to the bladder.18

The Glans
Patients with hypospadias have an abnormal-looking globular glans. 
The glans is classified into three categories based on the degree of cleft-
ing and urethral plate projection.19

1. Cleft glans (Figure 94.2(A)): There is a deep groove in the middle of 
the glans with proper clefting; the urethral plate is narrow and projects 
to the tip of the glans. An example is the “hidden hypospadias” 
(megameatus-intact prepuce). Tubularisation of the urethral plate 
without incision or pyramid repair gives good results.
2. Incomplete cleft glans (Figure 94.2(B)): There is a variable degree 
of glans split, a shallow glanular groove, and a variable degree of 
urethral plate projection. An inverted-Y tubularised plate (YTP) or 
inverted-Y meatoglanuloplasty usually gives good results.
3. Flat glans (Figure 94.2(C)): The urethral plate ends short of the 

glans penis; there is no glanular groove. Generous glans splitting is 
required to achieve good cosmetic and functional results. The new 
urethra has to be embedded deep into the glans to have a satisfactory 
cosmetic appearance and maintain a wide meatus.
Chordee
The term “chordee” was introduced into medical literature in the 17th 
century from the French in relation to gonorrhea. It was defined as a 
“painful downward curvature of the penis due to inflammation”.20 Most 
hypospadias pioneers in the 19th century used terms such as incurva-
tion, curvature, or bending. Clinton Smith, in the 1930s, was probably 
the first to use the term chordee to describe congenital curvature asso-
ciated with hypospadias.21 Some publications mention that the word 
chordee comes from the Greek word chorde and means cord22 and 
define chordee as a congenital defect of the genitourinary tract result-
ing in a ventral curvature of the penis, caused by presence of a fibrous 
band of tissue instead of normal skin along the corpus spongiosum.22 
This definition is inaccurate and may be misleading.

Chordee has a wide spectrum and may be due to disproportionate 
growth of one of the fascial coverings or skin. It may be classified into 
one of the following categories: 
• Chordee without hypospadias: This occurs when there is deficiency 
or disproportionate growth of skin and/or dartos fascia, Buck’s fas-
cia, or corpus spongiosum. The urethra is normal, although it may be 
very thin, and it lies directly under the skin when the corpus spon-
giosum is also deficient.

• Hypospadias with superficial chordee (Figure 94.3): This condi-
tion is present when there is disproportionate growth of the urethra 
as well. In this situation, the disproportionate growth involves the 
fascial structures and skin superficial to the urethra. This may be 
encountered in some distal forms of hypospadias, and incision proxi-
mal to the meatus and mobilisation of the skin from the underlying 
urethra usually corrects this form of chordee. 

• Hypospadias with deep chordee (Figure 94.4): This type of hypospa-
dias is encountered when the Buck’s fascia deeper to the urethra is 
also involved. The disorganised tissue is mainly distal to the meatus. 
This form of deep chordee is encountered in about 50% of proximal 
hypospadias. Incision of the urethral plate is needed to correct the 
curvature of the penis.

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 

Figure 94.2: Different glans configurations.
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• Hypospadias with corporeal disproportion: This condition is rather 
rare. The situation is encountered when the ventral tunica albuginea 
surrounding the corpora cavernosa is also contracted. Excision of the 
disorganised fascial tissue distal to the meatus is not enough to achieve 
a straight penis. This condition is thought to be encountered mainly in 
older children with long-standing uncorrected proximal hypospadias. 

The Prepuce
The prepuce presents in several variations in hypospadias. In the major-
ity of patients, the prepuce is longer than normal dorsally but absent 
ventrally. There are two lateral edges that are fixed at the lateral borders 
of the ventral aspect of the prepuce. Thus, the prepuce is deficient ven-
trally. To get an idea about the area of underdevelopment of the urethra 
and corpus spongiosum , draw two lines along the two lateral edges of 
the prepuce. 

A common finding in many hypospadias patients is two rounded 
knobs laterally on the dorsum of the prepuce (like two little eyes, whirls, 
or dog-ears) (Figure 94.5). The significance of these two knobs is still 
unclear. These two little knobs are visible on the prepuce after preputial 
reconstruction following hypospadias repair. Attempts to excise the two 
knobs during the prepuce reconstruction usually results in a very short 
prepuce, and it is important to inform the parents of this beforehand.

The prepuce itself may accentuate the degree of penile chordee. In 
many cases, the family doctor reports the presence of penile chordee 
because of the hooded appearance of the prepuce and the presence of a 
peculiar line of cleavage.

In less than 5% of hypospadias patients, the prepuce is complete, 
covers the whole glans and is longer than normal. This may result in late 
diagnosis of hypospadias and excision of the prepuce wrongly in routine 
circumcision. This is considered as a separate entitiy and is called “hidden 
hypospadias” or mega-meatus intact prepuce (MIP) hypospadias.
The Urethral Plate
The urethral plate is a pink gutter of mucous membrane with a well-
defined mucocutaneous line. This gutter may extend from the hypospa-
diac urethral orifice to the base of the glans penis. Rarely, it may extend 
well into the glans.

Paul and Kanagasuntheram have described the histological sections 
of this gutter to be stratified squamous epithelium with pigment in the 
malpighian layer.23 These sections show no underlying layer of erectile 
tissue. In patients with perineal hypospadias, histology of sections 
within the scrotum showed pseudostratified columner epithelium rather 
than transitional epithelium. There is no erectile tissue. 
The Penile Raphe 
The penile raphe is normally situated in the ventral midline. In hypo-
spadias, it is usually present (85%) and bifurcates proximal to the 
hypospadiac meatus into two branches that end distally into what is 
called eyes, whirls, or dog-ears (Figure 94.5). The area between the two 
branches of the raphe gives an idea of the extent of the developmental 
defect of the corpus spongiosum and ventral fascia. 
Size of the Penis
The size of the penis is normal in the majority of hypospadias patients. 
Patients with disorders of sex development constitute a different cat-
egory. Avellán has found penile hypoplasia in 3% of his patients, half 
of which had associated chromosomal anomalies.24

The Proximal Urethra
The proximal urethra may be very thin for a variable distance down to 
the perineum. This is probably due to the absence of corpus spongio-
sum to a variable degree. Incomplete urethral valves may be present 
and render the introduction of an intraurethral catheter difficult.

In some patients with hypospadias, there may be accessory blind 
paraurethral tracts that open at the same urethral opening and end 
blindly after 1–2 cm. Classic posterior urethral valves may be present 
in about 10% of patients with hypospadias

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 

Figure 94.3: Superficial chordee.

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 

Figure 94.4: Deep chordee. Deep chordee is usually associated with proximal 
hypospadias. Incision of the urethral plate at the coronal sulcus will increase 
the distance between the tip of the penis (A) and the urethral meatus (B). The 
distance between the urethral meatus (B) and the penoscrotal junction (C) 
remains constant.

Figure 94.5: Prepuce in hypospadias.

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 
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Figure 94.6: Classification of hypospadias.

Figure 94.7: Hypospadias form.

The Scrotum
In the majority of hypospadias patients (90%), the scrotum is normal. 
A partially bifid or completely bifid scrotum is occasionally present in 
proximal forms of hypospadias.

Penoscrotal transposition, a condition in which the scrotal skin 
surrounds the root of the penis to a variable extent, is also not common. 
Avellán has reported different degrees of penoscrotal transposition in 
20% of his group of patients.24

The Testes
The majority of hypospadias patients have normal testes in the scrotum. 
Retractile or undescended testes may be encountered in 10% of patients 
with hypospadias, usually in proximal forms.24 

Patients with hypospadias associated with an undescended 
testis should have chromosomal and hormonal analysis, as well as 
ultrasound to exclude chromosomal anomalies and disorders of sex 
differentiation (DSD).
Müllerian Remnants and Enlarged Utricles
Cystoscopy in proximal hypospadias may reveal enlarged verumonta-
num and utricles. This may explain the occasional difficulty encountered 
in catheterisation of some patients with severe forms of hypospadias.
Other Urological Malformations
The majority of hypospadias patients have no other urological anoma-
lies. Rarely, there may be vesicoureteric reflux, a double ureter, a 
double renal pelvis, a single kidney, or an ectopic kidney.

Classification
Consistent classification is necessary to standardise the terminol-
ogy of hypospadias to enable improved treatment and comparison of 
results across centres and surgeons. Several classifications have been 
described for hypospadias. However, the simplest and the most practi-
cal classification has been described in 1886 by Kaufmann,25 who clas-
sified hypospadias into first degree (glanular), second degree (penile), 
and third degree (proximal) (Figure 94.6). Duckett classified hypospa-
dias into eight subgroups (glanular, coronal, subcoronal, distal penile, 
mid-penile, proximal penile, penoscrotal, and perineal).26

Note that the different degrees of hypospadias require different 
operations, have different complication rates, and have different 
prognoses. Glanular and penile hypospadias constitute about 85% of 
patients with hypospadias. There are no specific operations designed 
for mid-penile hypospadias. Depending on the exact site and presence 
or absence of chordee, one may use techniques designed for either 
distal or proximal hypospadias. Children with hypospadias, penile, and 
gonadal anomalies should be classified under DSD. 

It is suggested that preoperative evaluation forms such as those shown 
in Figure 94.7 be completed at the first operation for proper assessment. 
However, a two-stage procedure may be necessary in some cases.

Clinical Features 
Hypospadias is usually diagnosed early in life because of the peculiar 
appearance of the hooded prepuce that is deficient ventrally in 95% 
of patients. The parents may notice that urine comes out from the 
undersurface of the penis and that it usually splays out rather than 
exiting in a stream.

Hypospadias is usually asymptomatic. Occasionally, the urethral 
opening is narrow and the patient may pass a very narrow stream of 
urine, with difficulty.

Detailed clinical examination is needed with recording of 
• meatus site and size;

• presence of chordee and severity;

• glans configuration;

• complete or incomplete prepuce;

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 

	  
Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag.

• width of the urethral plate;

• presence of torsion;

• presence of bifid scrotum or penoscrotal transposition; and

• any associated anomalies (e.g., undescended testis).

Investigations
Healthy, asymptomatic patients with glanular and penile hypospadias 
may require no routine investigations. 
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Abdominal ultrasound and urinalysis are needed in patients with 
proximal hypospadias or urinary symptoms. Further investigations 
(e.g., micturating cystourethrogram) are indicated when the bladder, 
ureters, or kidneys are dilated. Chromosomal analysis is indicated when 
DSD is suspected.

Management
Parents Counselling
Once hypospadias is diagnosed, parent counselling is the first step that fol-
lows. The doctor should explain the condition in detail, emphasizing that it 
is not the fault of any of the parents and that familial incidence is about 7%. 

It is also important to stress that circumcision is contraindicated 
in the presence of hypospadias because the preputial fascia and skin 
may be used to correct hypospadias. Circumcision may be required for 
medical, ethnic, or religious reasons (for more details on circumcision, 
see Chapter 95). Parents should be informed that complications can and 
may occur after surgery, but the majority are correctable.

Parents need assurance that patients with glanular and penile 
hypospadias have more than a 95% chance of normal functional and 
sexual life, provided that surgery is done by an experienced surgeon. The 
first operation has the best chance of success. Patients with penoscrotal 
hypospadias or intersex have a different prognosis, depending on the 
size of penis, chordee, and availability of healthy tissue.
Timing of Surgery
The penis grows less than 0.8 cm in the first 3 years of life: the phallus 
that is small at 3 months of age will still be small at 3 years of age.27 
Sexual identity is determined by 3 years of age. In older children, the 
psychological burden relating to this must not be underestimated (in 
some cases, this amounts to the sensation of being “different” from 
one’s peers; in others, repeated operations on genitalia which may have 
a significant impact on the patient.

Studies28 evaluating emotional, psychosexual, cognitive, and 
surgical risks have identified that there is an optimal window for 
surgery at 3–18 months of age (Figure 94.8).

However, anaesthesia in children younger than 6 months of age is 
technically demanding and requires experience. Hypospadias surgery 
in small children should be performed only in paediatric centres where 
experienced anaesthesia and intensive care services are available.
Referral Centres 
Hypospadias surgery is a highly specialised surgery. Not every paediatric 
surgeon or urologist can perform it. Dedication, interest, experience, fre-
quent surgery, and close follow-up of patients are key factors for success. 
There is no mild form of hypospadias that can be performed by an inex-
perienced surgeon. The best results of hypospadias surgery are obtained 
in centres that perform at least 50 hypospadias operations per year. 

General Principles of Hypospadias Surgery
Preoperative Hormonal Treatment
Many surgeons advocate the routine preoperative use of local testoster-
one cream on the penis or intramuscular injection (1–2 mg/kg monthly 
for 3 months) up to one month before surgery to increase the size and 
vascularity of the penis.17 However, the authors limit the use of preop-
erative hormones to severe cases of intersex with a very small phallus 
size. Hormonal therapy never acts locally, has several systemic side 
effects, makes the tissue oedematous, causes more bleeding, and does 
not improve the outcome.29 
Instruments
A basic plastic surgery set of instruments is sufficient. Essential are 
6–12 fine mosquito forceps, two finetooth dissecting forceps, fine sharp 
scissors, sharp scalpel, and fine needle holder.
Magnification
Urethroplasty is performed by using 6/0 or 7/0 sutures. The surgeon 
should be able to handle such fine sutures comfortably. Most surgeons 

prefer to use 2.5 or 3.5 magnifying loups.30 Others, including the 
authors, prefer to use simple reading glasses. There is no evidence that 
supports the use of operating microscope in hypospadias repair.
Haemostasis
The penis is a very vascular organ. Haemostasis is an integral part of the 
operation. Some surgeons, including the authors, prefer to use a tourni-
quet whenever possible in order to reduce bleeding. The tourniquet should 
be released every 40 minutes. Swabs soaked in adrenaline (1:100,000) are 
also effective in hypospadias surgery. Bipolar diathermy, where available 
is useful and may reduce the need for a tourniquet. However, bipolar dia-
thermy is not helpful when cutting through the glans, which is a sponge of 
blood. Monopolar diathermy is hazardous and is contraindicated because 
it may lead to thombosis and sloughing of the penis.
Degloving the Penis
Most surgeons perform degloving the penis as a primary step in hypo-
spadias surgery to release any tethering causing superficial chordee.31 
The authors do not recommend routine degloving, but rather a 2-cm 
transverse incision proximal to the meatus to release superficial chor-
dee.32 Routine degloving is not only unnecessary, but may damage the 
blood supply of skin flaps, necessitate circumcision at the end of the 
operation, increase incidence of haematoma, and result in severe post-
operative oedema of the penis.32

Suture Materials and Techniques
Fine 6/0 and 7/0 polyglactin absorbable suture (vicryl) are the standard 
sutures used in hypospadias repair. Several studies have shown that 
polydiaxanone (PDS) reacts with urine and causes a chemical reaction 
that increases the chances of fistula and complications.33

Different surgeons prefer different techniques, depending on which 
produces the best results for them. For urethroplasty, the authors prefer 
to use continuous extramucosal inverting sutures (Figure 94.9(A)). 
The idea is to reduce as much as possible the number of knots that 
act as a nidus for reaction and fistula. This technique helps to invert 
the epithelium into the lumen.34 The surgeon should remember that 
healing occurs between the sutures. It is more important to have a well-
vascularised urethroplasty than a water-tight suture line.

For glans closure, interrupted transverse mattress sutures using 
7/0 vicryl help to avoid sutures cutting through the glans due to 
postoperative swelling and oedema (Figure 94.9(B)).

For skin closure, continuous mattress sutures using vicryl 6/0 or 7/0 
usually give good results (Figure 94.9(C)).

Figure 94.8: Timing of surgery.
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Stents and Catheters
Stents and catheters are foreign bodies that irritate the urethral mucous 
membrane and may cause inflammation and fistula. The risk is less 
when silicon catheters or stents are used. In distal hypospadias, the 
first author does not leave catheters inside the urethra for more than 
72 hours. In proximal hypospadias, the author prefers to use a supra-
pubic catheter for 12 days as a routine. Other surgeons use suprapubic 
catheters in complicated repair only. A suprapubic catheter leaves the 
patient symptom-free until the swelling disappears and allows the ure-
thra to heal without having a foreign body (intraurethral stent or cath-
eter) irritating the urethra. If the disposable suprapubic catheters are too 
expensive or are unavailable, one may use a simple size 10 Fr nelaton 
catheter introduced through a reusable trocar into the urinary bladder. 
Dressings
There are more than 150 methods of dressing to cover the penis after 
hypospadias operations. Each has its advantages and disadvantages. A 
prospective randomised study perfomed in Cairo University showed 
that applying no dressing results in fewer complications than applying 
dressing for 5 days or more.35 In places with hot, humid weather, and 
particularly in Africa, keeping the wound exposed and dry is much better 
than having a wet dressing on the wound. A dry wound is a clean wound.

The authors prefer to apply a simple dressing of dry gauze and 
local antibiotic ointment on the ventral aspect of the penis and to fix 
the penis, dressing, and catheter against the lower abdominal wall 
with good adhesive plaster for 1 or 2 days, according to the age of 
the patient. This allows adequate compression of the penis as well as 
mobilisation of the child who can sit and play a few hours after surgery. 
After a period ranging from 1 to 7 days, depending on the age of the 
child and the difficulty of the operation, the penis is left exposed, and 
local ointment is applied 4 times daily for 1 week.  
Postoperative Analgesia
Caudal nerve block is ideal for postoperative pain relief. However, it 
requires an experienced anaesthetist and complete strict asepsis. 

Alternatively, a local penile nerve block could be performed. The 
dorsal nerves of the penis arise from the pudendal nerves, pass directly 
under the symphysis pubis, and penetrate the suspensory ligament to 

continue under the deep Buck’s fascia. Three to four milliliters of 0.5% 
long-acting bupivacaine mixed with 1% quick-acting lidocaine is used. 
Palpate the symphysis pubis, insert a 22-gauge needle at 10 o’clock, 
feel the inferior border of the bone, withdraw slightly and move it so 
that it is just clear of the bone. Pop it through the Buck’s fascia, aspirate, 
and inject. Repeat the same procedure at 2 o’clock.
Postoperative Antibiotics
A broad-spectrum antibiotic (e.g., cephalosporin) is recommended in 
hypospadias surgery.36 The authors give the first intravenous (IV) dose 
after induction of anaesthesia. Oral cephalosporine antibiotics are con-
tinued for 1 week after distal hypospadias or until the suprapubic cath-
eter is removed in proximal hypospadias. This protocol may decrease 
the risk of a complicating urinary tract infections after surgery, and 
probably reduces meatal stenosis and urethrocutaneous fistula rates.

Objectives of Surgery
The primary goal of hypospadias surgery is to have a good functioning 
penis. This means ensuring that the penis is straight and that the child can 
micturate from the tip of the penis in a straight adequately wide stream 
of urine. The second important goal is for the penis to have a normal or 
near-normal appearance with a slit-like meatus at the tip of the glans.

An alarming observation in recent literature is that the cosmetic 
appearance is taking priority over the function of the penis. Many 
patients with a good-looking penis are referred with recurrent fistula 
and difficulty to pass urine due to a narrow new urethra.

The steps of hypospadias correction are the following: 
1. Assessment;
2. Chordee correction;
3. Urethroplasty;
4. Protective intermediate layer;
5. Meatoglanuloplasty;
6. Scrotoplasty; and
7. Skin cover.
Assessment under Anaesthesia
A thorough examination under anesthesia and after preparation and 
cover is a very important step. Based on this assessment, the surgeon 
should plan the operation and choose the appropriate technique suitable 
for this particular patient. The surgeon should evaluate the patient under 
good illumination with magnification, noting the following features: 
1. glans configuration (cleft, incomplete cleft, or flat);
2. urethral opening (if narrow, it should be dilated or incised);
3. quality of the skin on the ventral aspect of the penis distal to the 
urethral meatus;
4. quality of the skin proximal to the urethral opening (sometimes it is 
very thin and requires incision); and
5. scrotum (ensure that both testes are in the scrotum and exclude bifid 
scrotum and penoscrotal transposition).
Chordee Assessment and Correction
The different forms of chordee have been discussed earlier in this 
chapter. There are two methods of assessing chordee. One method is 
to apply traction on a thread through the glans and check any tethering 
or limitation. This is considered by many surgeons to be inadequate 
because it does not detect chordee due to shortening of the tunica 
albuginea, but it has the advantage of being the least invasive method. 
The other method is application of the “artificial erection test” (Figure 
94.10) described by Gittes and McLaughlin in 1974.37 It is the most 
common method used. A red rubber catheter is used as a tourniquet 
at the base of the penis, and normal saline is injected into a corporal 
body or into the glans through a 23-G butterfly needle. Both corporeal 
bodies are filled and show the extent of curvature. This technique may 

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 
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Figure 94.9: Different suturing techniques: (A) continuous subcuticular inverting 
suturing is suitable for urethroplasty; (B) interrupted transverse mattress is 
suitable for the glans closure; (C) continuous transverse mattress is suitable for 
skin closure.
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be repeated after chordee correction to assess the completion of the 
correction of chordee before proceeding with urethral reconstruction. 
Many surgeons, including the authors, consider the artificial erection 
test invasive because it results in the overuse of tunica albuginea plica-
tion and unnecessary shortening of an already short penis.

About 80% of glanular and distal hypospadias have no chordee. 
Superficial chordee that is released by skin and fascia incision proximal 
to the urethral meatus can be seen in about 15% of patients with 
glanular or distal hypospadias. 

However, about 50% of proximal hypospadias have deep chordee 
that requires incision and release distal to the urethral meatus. In such 
cases, the authors prefer to incise the urethral plate just proximal to the 
coronal sulcus. Note that the connective tissue tethering may extend 
proximally and laterally, and mobilisation should be complete. 

If the child has proximal hypospadias and presents late, incision of 
the urethral plate may not be enough, and application of grafts ventrally 
or dorsal tunica albuginea plication (TAP) may be necessary. 

There are different grafts used for correction of severe chordee, 
including dermal grafts, buccal mucosa, small intestinal submucosa 
(SIS), or tunica vaginalis (TV).38 Dermal graft is usually harvested 
from the lower abdominal skin crease after removal of the epithelium. 
The tunica albuginea is incised at the point of maximum curvature, and 
the dermal graft is sutured to the edges of the tunica abluginea with 
continuous sutures.39

The dorsal TAP is advocated by many surgeons due to its simplicity 
(Figure 94.11). Baskin and Ebbers recommend the application of 
nonabsorbable sutures dorsally at 12 o’clock position. They suggest 
that would help to reduce the potential damage of nerves and vessels 
to the glans.40 TAP has two major disadvantages, however: (1) a higher 
incidence of chordee recurrence, and (2) shortening of an already short 
penis. Most parents do not approve of shortening the penis.41 

Surgery Options
More than 300 methods are described for hypospadias correction. This 
is partly because of the wide spectrum of hypospadias presentations and 
partly because no single method produces 100% satisfactory results. 

Surgeons may use one of the following tissues to form the 
neourethra (Figure 94.12):42

1. mobilisation of the urethra; 
2. skin distal to the meatus; 
3. skin proximal to the meatus;
4. preputial skin; 
5. combined prepuce and skin proximal to the meatus; 
6. scrotal skin; 
7. dorsal penile skin; and
8. different grafts.

In general, the surgeon should use the technique that is suitable for 
the patient and with which he is most conversant. The best operation 
for hypospadias correction is the operation that brings the best results. 
In addition, the surgeon should not shorten an already short penis. It 
cannot be overemphasized that the surgeon has to choose the technique 
that is suitable for each individual patients. In other words, the surgeon 
needs to master several techniques to use in different situations.

Figure 94.13 summarises the common techniques the authors prefer 
to use for hypospadias correction.
MAGPI Technique
The MAGPI technique43 is suitable in selected patients with glanular 
hypospadias and a mobile urethral meatus that can be pushed to the tip 
of the glans. If the technique is used when the urethral meatus is not 
mobile, the urethra will retract back, in what is known as “retrusive 
meatus”. If a fixed meatus is forcefully pushed forward, it will always 
go back to to its original position.

Figure 94.10: Artificial erection test.

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 

	  

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 

Figure 94.11: Tunica albuginea plication.

	  

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 

Figure 94.12: Tissues used for hypospadias repair.
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Double-Y Glanuloplasty Technique
The double-Y glanuloplasty (DYG) technique (Figure 94.15) is suitable 
for selected patients with glanular hypospadias with mobile meatus in 
the absence of deep chordee. Those patients usually have a little ridge 
distal to meatus. This ridge can be pushed with a mosquito or toothed 
forceps to the tip of the glans.

If the distal edge of the urethral meatus is immobile and cannot be 
pushed to the tip of the glans, the child is not suitable for the DYG 
technique, and another technique suitable for distal hypospadias is 
performed (inverted-Y Mathieu technique in patients with flat glans 
or inverted-Y Thiersch in patients with cleft glans; see following two 
subsections, respectively).
1. A 5/0 nylon traction suture is placed on the glans, dorsal to the tip of 
the glans. A tourniquet is placed at the root of the penis and chordee is 
excluded by using the artificial erection test.
2. An inverted-Y incision is outlined on the glans. The centre of the 
inverted Y is just above the ridge distal to the meatus. The longitudinal 
limb extends to the tip of the glans where the tip of the neomeatus will 
be located. Each oblique limb of the inverted-Y is 0.5 cm long, and the 
angle between them is 60° (Figure 94.15(A,B)). 
3. The incision is deepened and the flaps are mobilised to allow more 
mobility of the meatus (Figure 94.15(C)). 
4. A 6/0 vicryl stitch is approximated and fixes the meatus at the tip of 
the glans (Figure 94.15(D)).
5. If the meatus is narrow or pinpoint, it is incised to make it wide 

Figure 94.13: Authors’ personal choice of operations.

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 

Figure 94.14: Meatal advancement and glanuloplasty incorporated (MAGPI). 

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 

	  

(A) (B) (C) (D) (E)

(F)

The operative steps illustrated in Figure 94.14 are as follows: 
1. A circular incision is made in the prepuce at the level of the coronal 
sulcus.
2. A longitudinal incision is made at the inner aspect of the meatus as 
far as the tip of the glans (Figure 94.14(A)).
3. This longitudinal incision is sutured transversely with single stitches 
(Figure 94.14(B),(C)).
4. The anterior aspect of the newly created meatus is secured with a 
stay suture and pulled up to the tip of the glans (Figure 94.14(D)).
5. Incisions are made in both glanular wings in an inverted V-shape 
(Figure 94.14(D)).
6. The glanular wings are sutured in the anteroposterior direction to 
enclose the urethra within the glans (Figure 94.14(E)).
7. The outer layer of the prepuce is sutured to the coronal sulcus 
(Figure 94.14(F)). 
8. Preputial reconstruction, although possible, is not recommended at 
this stage.

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery, 2nd ed. Springer-Verlag, in press. 
Reproduced with kind permission of Springer Verlag.

Figure 94.15: Steps of double-Y glanuloplasty: (A) glanular hypospadias with 
mobile meatus; (B) inverted-Y incision; (C) three flaps elevated; (D) apex of 
meatus sutured to the tip of the glans; (E) Size Fr 10 catheter introduced inside 
the urethra and Y incision made that surrounds the meatus and extends down 
to the coronal sulcus; (F) glanular wings mobilised deep enough to wrap around 
the urethra and approximated in the midline. The 6 o’clock stitch (see inset) is 
a 3-point stitch that brings the urethra and the two medial edges of the glanular 
wings together. It is magnified in the inset. 
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like an open book. This is a very important step that helps to wrap the 
glanular wings around the urethra without any tension. 
9. The incision is continued around the meatus to meet the lateral 
limbs of the inverted-Y incision (Figure 94.15(F)). 
10. Local ointment is applied to the wound, a normal gauze is applied, 
and adhesive tape fixes the gauze, the catheter, and the penis against 
the lower abdominal wall. This allows free mobility of the patient and 
secures the catheter and penis against the lower abdominal wall.

The transurethral catheter is left for 1–2 days, depending on the 
degree of mobilisation and the degree of postoperative oedema of the 
penis. A caudal block is routinely used to reduce postoperative pain.
Inverted-Y Modified Mathieu Repair 
The Mathieu technique is used for distal hypospadias. It is one of the 
oldest procedures, having withstood the test of time. It has a draw-
back, however—it results in a circular meatus that is not at the tip of 
the glans. The inverted-Y-V modification avoids the drawback of the 
original Mathieu repair and results in a slit-like meatus at the tip of the 
glans (Figure 94.16).
1. A Y-shaped incision is outlined on the glans (Figure 94.16(A)).
2. A catheter size 10 Fr or larger is inserted into the bladder.
3. The flap is outlined so that the distance between the meatus and the 
proximal end of the flap is slightly greater than the distance from the 
meatus to the tip of glans.
4. A U-shaped incision is made, extending from the tip of the V in the 
glans down to the lower end of the designed flap; this results in two 
glanular wings (Figure 94.16(B)).
5. The Mathieu flap is mobilised, preserving its fascial blood supply 
(Figure 94.16(C)).
6. Urethroplasty is performed by using continuous subcuticular 
polyglactin 6-0 sutures.
7. A protective intermediate layer is fashioned by using the flap fascia 
or dartos fascia (Figure 94.16(D)).
8. Both granular wings are sutured together around a neourethra by 
using interrupted mattress sutures. 
Inverted-Y Modified Thiersch Technique
The inverted-Y tubularised plate technique45 is a modification of the 
Thiersch technique. It is suitable in hypospadias patients without deep 
chordee. Thus, incision of the urethral plate is not needed to correct 
deep chordee. The original Thiersch technique is ideal in patients with 
cleft glans. However, it is necessary to modify the technique when the 
glans is flat or incompletely clefted in order to wrap the glanular wings 
around the new urethra (Figure 94.17). 
1. A traction suture of 4/0 nylon is placed through the tip of the glans. 
2. An inverted-Y-shaped incision is outlined on the glans. The tip 
of the longitudinal limb of the inverted-Y is at the tip of the glans, 
where the tip of the neomeatus will be located. The lower two limbs 
of the inverted Y are about 0.8 cm long, and the angle between them 
is 90°. The long vertical limb of the inverted-Y is 0.8 cm long (Figure 
94.17(A)). 
3. The inverted-Y-shaped incision is deepened to be able to wrap 
the glanular wings around the new urethra. This results in a median 
inverted-V flap and two lateral wings. The two lateral wings are 
elevated and the median flap is mobilised (Figure 94.17(B,C)). 
4. A catheter, size 10 Fr or larger, is inserted into the bladder.
5. Using two fine surgical forceps, the adequate diameter of the new 
urethra is marked around the catheter. 
6. A U-shaped skin incision is made by using sharp scissors or scalpel 
size 15. A transverse incision proximal to the meatus is cut by using 
sharp scissors (Figure 94.17(D)).

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery, 2nd ed. Springer-Verlag, in press. 
Reproduced with kind permission of Spring Verlag.

	  

Figure 94.16: Y-V modified Mathieu technique.
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Figure 94.17: Steps of inverted-Y Thiersch technique. 

enough to accommodate a catheter size Fr 10 or larger according to 
the age of the patient and size of the penis. A transurethral Nelaton 
catheter size Fr 10 or larger is inserted into the bladder.
6. A Y-shaped incision is made proximal to the meatus (Figure 
94.15(E)). The longitudinal limb of the Y incision extends from the 
meatus to the coronal sulcus. Extra care should be taken to avoid 
injury to the very thin urethra beneath the skin. The use of sharp 
scissors and traction helps to avoid injury of the distal urethra. 
7. Traction is applied on the glanular wings, and the incision is deepened 
by using sharp scissors starting proximally at the coronal sulcus. 
8. The glanular wings are mobilised off the urethra and are opened 
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7. If the distal urethra is thin, it is incised until a healthy vascularised 
urethra is reached. 
8. In the glans, the incision is deepened enough to create mobile lateral 
glanular wings to wrap around the new urethra. 
9. Two or three sutures are tied along the length of the new urethra to 
reduce tension and help orientation. 
10. The new urethra is constructed by using 6/0 vicryl on a cutting 
needle in a continuous subcuticular manner (Figure 94.17(E)). 
11. A protective intermediate layer is fashioned from the preputial fascia 
under the foreskin (Figure 94.17(F)). (In proximal hypospadias without 
deep chordee, the authors prefer scrotal dartos/tunica vaginalis fascia.) 
12. Closure of the glans follows, starting at the tip of the glans to 
ensure wide meatus. 
Lateral-Based Flap Technique
The lateral-based flap technique46 may be used in proximal hypospadias 
with deep chordee that necessitates incision of the urethral plate to 
straighten the penis. It has a double blood supply and allows extensive 
excision of ventral chordee. It may offer patients with proximal hypo-
spadias a single-stage urethral reconstruction with a good success rate 
(91%) and relatively few complications. The operative steps for the 
lateral-based flap technique listed below are illustrated in Figure 94.18. 
1. A deep Y-shaped incision is made on the glans that goes all the way 
down to the coronal sulcus (Figure 94.18(A)). This permits two deep 
glanular wings and a wide meatus. 
2. The urethral plate is incised at the coronal sulcus and all the tissues 
that tether the corpora cavernosa and cause the penile curvature are 
removed (Figure 94.18(B)).
3. The edge of the lateral skin is then sutured at two points. Proximally, 
it is sutured to the hypospadias meatus (Figure 94.18(C)); distally, it 
approximates the lateral wall to the tip of the glans (Figure 94.18(D)), 
thus forming a “new urethral plate”.
4. A 10 Fr catheter (or larger, depending on the size of the penis and 
the age of the patient) is introduced through the meatus.
5. A rectangular skin strip is outlined, extending proximally from the 
urethral meatus to the tip of the glans. 
6. Several interrupted stitches assist in orientation, and the 
urethroplasty is carried out from proximal to distal in a subcuticular 
continuous manner.
7. The adjacent penile skin is elevated (rather than mobilising the flap) 
to preserve the vascular areolar tissue (Figure 94.18(E)).
8. The neourethra is covered with a protective intermediate layer 
(dartos or tunica) (Figure 94.18(F)).
9. The neomeatus is constructed by suturing the terminal end of the 
neourethra to the centre of the glans (Figure 94.18(G)).
10. The glanular wings are sutured around the neourethra by using 
interrupted mattress sutures (Figure 94.18(H)).
11. A percutaneous suprapubic cystocath is inserted into the bladder 
for 10–14 days.
12. A compression dressing is applied for 6–24 hours for haemostasis.
TIP Urethroplasty
The tubularised incised plate (TIP) is explained in detail by Snodgrass.47 
Incision of the urethral plate was first described by Reddy in 1975,48 
then by Orkiszewski49 and Rich50 in the 1980s, and popularised by 
Snodgrass in 1994.51 The operative steps of TIP listed here are illus-
trated in Figure 94.19.
1. A circumscribing skin incision is made 1–2 mm proximal to the meatus.
2. The urethral plate is separated from the glans wings and distal penile 
skin by two parallel incisions running from the parameatal skin to the 

	  

Figure 94.18: The lateral-based flap (LB flap) technique for proximal 
hypospadias: (A) Y-shaped deep incision of the glans; (B) three flaps are 
elevated and orthoplasty; (C) new urethral plate; (D) design of the LB flap; (E) 
urethroplasty; (F) mobilisation of dartos/tunica vaginalis fascia; (G) protective 
intermediate layer; (H) skin closure. 

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 

	  

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 

Figure 94.19: Tubularised incised plate (TIP). 
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tip of the glans (Figure 94.19(A)).
3. The penis skin is degloved to the penoscrotal junction.
4. The glans wings are mobilised, avoiding damage to the margins of 
the urethral plate.
5. A relaxing incision is made by using scissors in the midline from 
within the meatus to the end of the plate. The depth of this relaxing 
incision depends on the plate width and depth (Figure 94.19(B)).
6. Using a fine suture, preferably 7-0 polyglactin, the incised urethral 
plate is tubularised on the inserted catheter, placing the first stitch at 
approximately the midglans (Figure 94.19(C)).
7. The tubularisation is completed with a two-layer running 
subepithelial closure.
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8. A dartos pedicle is developed from the dorsal shaft skin, button-
holed, and transposed to the ventrum as skin cover for the new urethra 
(Figure 94.19(C)).
9. The skin edges of the tubularised glans are sutured together with the 
meatus (Figure 94.19(D)).

This method has become popular because of its simplicity. However, 
the long-term complication rate of the TIP procedure may be up to 35% 
in distal hypospadias and 66% in proximal hypospadias.49,52  
Tubularised Preputial Island Flap
Figure 94.20 illustrates the operative steps of the tubularised preputial 
island flap procedure (Duckett operation), as outlined below.53

1. A neourethra is created by utilising the inner preputial layer. It is 
anastomosed proximally with the native urethra and distally with the glans.
2. A circular incision is made just proximal to the meatus and running 
through the inner preputial layer 0.3 cm behind the coronal sulcus 
(Figure 94.20(A)).
3. The urethral plate and chordee are excised completely, creating a 
ventral urethral defect (Figure 94.20(B)). 
4. The length of the urethral defect is estimated while the penis is erect.
5. The prepuce is fixed with four holding sutures so that its inner layer 
is stretched out.
6. A flap is raised from the inner layer of the prepuce with dimensions 
that match those of the urethral defect. Particular care is taken not to 
injure its blood supply (Figure 94.20(C)).
7. The dissection of the vascular pedicle is conducted in such a way 
that rotation of the neourethra is possible in the anteroposterior 
direction without tension.
8. The neourethra is created by rolling up the inner preputial layer 
on a catheter as a tube and closing it with a running suture (Figure 
94.20(D)).
9. The glans is then incised midline deeply to raise two large glanular 
wings to wrap around the new urethra (Figure 94.20(E)). A small 
V-flap is excised from the tip of the new urethra to help in fashioning a 
slit-like meatus (inset).
10. An oblique anastomosis is made between the neourethra and the 
native urethra in such a way that the suture line on the neourethra lies 
on the penile shaft.
11. The neourethra is pulled through the channel previously developed 
up to the glans tip and fixed to the glans.
12. The skin of the penis is closed on the shaft with a running suture 
(Figure 94.20(F)).
13. The defect created in the preputial skin is then closed with 
running sutures.

The recommendation is to avoid reconstruction and removal of the 
prepuce until a successful result is obtained.
Onlay Island Flap Procedure
Instead of creating a complete neourethra from the inner preputial 
layer, it is possible to complete the urethral plate with the layer itself. 
This is the onlay island flap procedure,54 illustrated In Figure 94.21 and 
outlined here.
1. A semicircular skin incision is made along the urethral plate around 
the meatus.
2. A pedunculated flap is dissected from the inner preputial layer in the 
same way as for the Duckett’s operation (see previous section).
3. The glans is split in line with the urethral plate.
4. The flap is transposed on the ventral aspect of the penile shaft, and 
both flap borders are sutured with the free borders of the urethral plate.
5. The skin and the glanular wings are then closed.

Figure 94.20: Duckett tubularised preputial island flap.

	  

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag. 

Urethral Reconstruction Using Buccal Mucosa
In redo operations, it is possible to resort to buccal mucosa to form a 
wide urethral plate as a first stage and to reconstruct a neourethra in 
the second stage. Bladder mucosa and one-stage repair using buccal 
mucosa are becoming less popular in complicated proximal hypospa-
dias due to the high incidence of complications.

Complications
Hypospadias complications are not uncommon. The incidence depends 
on the experience of the surgeon and the technique employed. Common 
complications include meatal and urethral stenosis, fistula, diverticu-
lum, and recurrent chordee.
Meatal and Urethral Stenosis
The incidence of meatal and urethral stenosis has increased in recent years 
due to employment of techniques that may result in narrow new urethra 
(e.g., the TIP technique).51 Dilatation may work occasionally. However, if 
dilatation is needed frequently, a new wide urethra has to be reconstructed 
to avoid back pressure on the bladder and damage to the kidneys.
Fistula
Fistula used to be the most frequent complication after hypospadias 
surgery.55 Several factors may be responsible for fistula, including distal 
stenosis, the technique applied, skin damage, tension on the sutures, 
infection, and overlapping of suture lines.
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Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag.

The four important steps for the correction of urethral fistula are:
1. exclusion and correction of distal stenosis;
2. wide excision of the fistula tract;
3. use of healthy, well-vascularised tissue; and
4. protection of fistula repair with a healthy vascular second protective 
layer.
Diverticulum
Diverticulum may occur after surgery for distal hypospadias and is 
probably due to a narrow new urethra. Diverticulum may also occur 
after proximal hypospadias, however, and is believed to be due to a 
lack of the supportive corpus spongiosum in patients with proximal 
hypospadias. This is supported by the finding that diverticulum is often 
encountered without distal obstruction in proximal hypospadias and 
may even recur after excision of the redundant urethra.56 
Persistent or Recurrent Chordee
Persistent or recurrent chordee may occur due to inadequate orthoplasty 
during hypospadias correction or due to healing by scarring and fibrous 
tissue formation. In cases of scarring, the urethra is usually healthy, 
and excision of the fibrous tissue superficial to the urethra is sufficient 
to correct chordee. Correction of persistent chordee due to inadequate 
orthoplasty in the first operation is difficult and technically demanding. 
Some surgeons may opt for repeated tunica albuginea plication. Others, 
including the authors, would prefer to incise the urethra and correct the 
curvature from the ventral aspect to avoid shortening the penis.	  

Epithelium 
to be excised

Onlay island flap
Pedicle

Epithelium 
to be excised

Corpus 
Spongiosum

Subcutaneous 
tissue (pedicle)

Figure 94.21: Onlay island flap procedure. 

1. Hypospadias is a wide spectrum of anomalies involving all the 
ventral structures of the penis and not just the urethra.

2. The ideal time to correct hypospadias is before 18 months of 
age. In fact, many surgeons correct hypospadias starting at age 
3 months.

3. Surgeons need to master several techniques to suit the wide 
range of anomalies encountered.

4. The surgeon should use the technique that is suitable for the 
patient and not make the patient suitable for the technique he 
or she prefers.

5. Neourethra should be reconstructed around catheters of size 
10 Fr or larger, depending on the age of the patient.

6. Tubularisation of the urethral plate without incision is suitable 
for more than 60% of hypospadias patients.

7. A second protective layer to cover and protect the new urethra 
is an essential part of hypospadias surgery.

8. With experience, the success rate in glanular and distal 
hypospadias has reached more than 95%. In proximal 
hypospadias, the complication rate is 10–20%.
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Introduction
Circumcision, the partial or complete removal of the male foreskin, is 
one of the most commonly performed surgical procedures.1 It has been 
practiced since antiquity. The first record of male circumcision dates 
from the Sixth Dynasty of the Egyptian pharaohs, around 2420 bc.1

Circumcision for nonclinical reasons (nontherapeutic or 
prophylactic) has wide variations around the world. The United States 
has the highest rate of neonatal circumcision. In the past, about 90% 
of newborn boys were circumcised, but the rate has steadily declined, 
and currently is around 60–70%. More than 1 million neonatal male 
circumcisions are performed annually in the United States, and about 
30% of all males are circumcised worldwide.2,3 However, circumcision 
is very uncommon in northern European countries, Central and South 
America, and Asia. After Gairdner4 published his landmark article in 
1949, circumcision rates in the United Kingdom fell from about 30% 
to less than 10%.

Male circumcision is almost universally practiced in North Africa 
and most parts of West Africa. It is less common in East, Southern, and 
Central Africa, where its prevalence varies from country to country.

Circumcision Controversy
Less than 1% of all circumcisions are surgically indicated (see sec-
tion “Indications for Circumcision”). Several medical bodies have 
long asserted the doubtful benefits of male circumcision in preventing 
known infection.5–10 

The often referred benefit of circumcision in preventing penile 
cancer in men may be negligible, as this cancer is rare in most 
populations.1,6 Male circumcision has been linked, however, to a 
low prevalence of cervical cancer in women living with circumcised 
spouses.7 Circumcision excises the most erogenous part of the male 
anatomy, and its critics argue that this diminishes sexual performance 
and enjoyment for both partners.1,11,12

For surgeons in Africa and other countries where the practice of 
circumcision is entrenched, the question is not whether circumcision 
should be practiced. The challenge should be to ensure that circumcision 
is safely performed and to promote the teaching of its safe application 
in the community.

The Foreskin and Its Functions
Most boys have a nonretractile foreskin (phimosis) at birth.1,4,13,14 The 
inner foreskin is attached to the glans. Foreskin adhesions break down 
and form smegma pearls, or “white cysts under the foreskin,” which 
are then extruded. The process of retractability is spontaneous and does 
not require manipulation. The majority of boys will have a retractile 
foreskin by 10 years of age and 95% by 16–17 years of age.4,13,14

The prepuce has several possible functions:
• It prevents meatal ulceration.

• The foreskin is a complex and important sensory organ. It has a high 
concentration of encapsulated sensory receptors, mostly Meissner 
corpuscles containing nerve endings, similar to those found in the 

fingertips and lips. The unique sensory innervation of the prepuce 
establishes its function as an erogenous tissue.15–17

• The foreskin may have an immunological function, containing many 
Langerhans cells that produce langerin.

• As an easily available source of live human fibroblasts, the foreskin 
has become a favourite tissue source for cell-culture biologists doing 
basic scientific research.

• The prepuce has a useful function in reconstructive surgery due to its 
many advantages, including easy harvest, high viability, elasticity, 
and stem cells.

Indications for Circumcision
There are few surgical indications for circumcision, which altogether, 
according to one report,16 constitute about 1% of all circumcisions 
performed.

Balanitis xerotica obliterans (BXO) is a lesion akin to lichen 
sclerosus et atrophicus; it is the cause of true scarring of the foreskin. 
It is rare before the age of 5 years, is associated with discomfort on 
voiding, and presents with a white firm scarring of the foreskin tip. 
The aetiology is unknown but may be of viral origin. This condition 
may also affect the glans and urethra. The techniques of intralesional 
steroid injection, long-term antibiotics, carbon dioxide laser therapy, 
and a radial preputioplasty alone or with intralesional injection of 
steroids have all been described in the literature. There are, however, no 
randomised trials to ascertain the efficacy and the long-term outcome of 
these techniques. There is a strong association between BXO in adults 
and penile carcinoma. Circumcision may be indicated.

Paraphimosis occurs when a tight retracted prepuce cannot be 
reduced, and thus forms a tight constricting band proximal to the glans. 
Although quite uncommon, this condition is an emergency because 
the ballooned glans penis is a painful condition and could be rendered 
ischaemic if left unreleased. Gentle compression with a saline-soaked 
swab followed by reduction of the prepuce over the glans is usually 
successful. Alternatives include multiple punctures in the oedematous 
foreskin or injection of hyaluronidase prior to compression reduction. 
A nitrous oxide and oxygen mixture is usually helpful and is available 
in some paediatric accident and emergency departments. Rarely, 
general anaesthesia may be required. A dorsal slit might be required for 
recurrent episodes or in acute conditions. Due to poor cosmesis after 
dorsal slit, or if there is scarring following reduction of paraphimosis, 
circumcision may be indicated. Circumcision is contraindicated in the 
acute situation.

Balanoposthitis is an inflammation of both the glans and foreskin. It 
may present with swelling and erythema of the distal penis and foreskin 
in association with discharge, bleeding from the prepuce, dysuria, and 
occasionally urinary retention. It occurs in about 4% of uncircumcised 
boys between 2 and 5 years of age.18 The aetiology is unclear, although 
infection, contact allergy, and contact irritation have been described. 
Although balanoposthitis may be recurrent, the episodes decrease 
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in frequency in older boys and reflect foreskin maturation. Simple 
bathing, appropriate antibiotics, and/or steroid treatment will suffice as 
treatment. Circumcision may be considered if recurrent severe episodes 
of inflammation occur.

Circumcision could be considered in boys with recurrent urinary 
tract infections (UTIs) and urogenital abnormality.1 It has been shown 
that in children younger than 1 year of age, UTIs are more common 
in uncircumcised males.19,20 As this may have a detrimental effect on 
a child with high-grade vesicoureteric reflux or obstructive uropathy, 
circumcision could be considered in this age group.

A hooded foreskin is an abnormal dorsal hemiforeskin that is 
deficient ventrally and may or may not be associated with hypospadias. 
A hooded foreskin without hypospadias is a cosmetic abnormality. 
A modified circumcision or a foreskin reconstruction is a possible 
consideration for treatment. Hooded foreskin with hypospadias needs 
treatment with correction of the hypospadia (see Chapter 94).

Contraindications to Circumcision
Circumcision is contraindicated in patients with hypospadia, in whom 
the foreskin is often used for repair of the proximally placed ventral 
urethral meatus (see Chapter 94).

Disorders of sex development should similarly be left uncircumcised 
until the proper gender assignment has been clarified.21

Other conditions for which a circumcision should be prevented 
are conditions such as a ventral or dorsal chordee with or without 
hypospadias; megameatus with an intact prepuce; megalourethra; and a 
webbed, small, or inconspicuous or buried penis.

Circumcision Procedure
Four principal factors are common to all forms of circumcision: asepsis, 
excision of adequate outer and inner preputial layers, proper haemo-
stasis, and protection of glans penis. Circumcision may be complete 
or partial.

Complete circumcision may be performed in the newborn period 
by using the Gomco clamp, the PlastiBell, or the Mogen clamp. After 
the newborn period, surgical circumcision is recommended. General 
surgical guidelines include complete sterile dissection, complete 
separation of the glanular adhesions, and exclusion of hypospadias. 

Bleeding is a common complication after circumcision unless 
meticulous haemostasis with bipolar diathermy is performed. 
Monopolar diathermy is contraindicated.

Facilities
The premises in which circumcisions are carried out must be suitable 
for the purpose. In particular, if general anaesthesia is used, full resus-
citation facilities must be available.

Analgesia and Anaesthesia
Neonatal circumcision should always be performed with appropriate 
anaesthesia. The complicated innervation of the penis explains why a 
dorsal penile nerve block provides incomplete pain relief for neonatal 
circumcision. A eutectic mixture of local anaesthetics (EMLA), contra-
indicated on open wounds and mucous membranes, can cause methe-
moglobinaemia. Nonpharmacological methods (nonnutritive suckling, 
rocking, massaging, cuddling) or systemic analgesia with paracetamol 
are inadequate. Caudal analgesia is effective in anaesthetised boys but 
has not been studied in neonatal awake circumcisions.1,18,22

Methods
The most ideal method for circumcision has not yet been devised. 
However, circumcision should usually be done by using surgical tech-
niques rather then the clamp method.

The open method developed from surgical standardisation of 
the ritual excision performed by traditional itinerant circumcision 
practitioners. Basically, it consists of protection of the penile glans and 
shaft from inadvertent injury, circumferential crushing of the foreskin at 

the corona to prevent bleeding, and safe excision of the foreskin distal 
to the crush. Three commonly used variations of the open method—
the dorsal slit, the sleeve, and the guillotine methods—remain the 
predominant methods of circumcision.

The dorsal slit method involves the crushing and division of the two 
layers of the prepucial dorsum to enable the operator to free the prepuce 
circumferentially down to the corona. The slit is then extended to the 
corona and the prepuce is excised under direct vision, leaving a 2–3 mm 
skirt of prepucial rim.

The sleeve method is performed by excising each of the two layers 
of the prepuce under direct vision, starting with the outer layer to allow 
effective haemostasis as the bleeding vessels are ligated.

The guillotine method entails a circumferential release of the 
adherent prepuce, which is then pulled taut over the glans. The penis 
is retracted as far as possible, and a bone cutter or strong pair of artery 
forceps applied to crush the prepuce distal to the retracted glans penis 
for up to 10 minutes before the skin distal to the crush is trimmed off. 
It is a blind procedure.

Neonatal Circumcision
It is important to ensure safety and appropriate analgesia. The open 
dissection, Gomco, Plastibell, and the Mogen circumcision methods 
remain the most commonly used. For each baby to be circumcised, 
the surgeon should let the parents choose the procedure (except if it is 
medically indicated). Informed consent should be obtained. Whatever 
method of circumcision is employed, use of diathermy is contraindi-
cated because it may lead to penile necrosis when employing a metallic 
circumcision device.22,23

The Gomco clamp (Figure 95.1), Mogen clamp, and the Plastibell 
(Figure 95.2) are the three commonly used kits for performing neonatal 
circumcision. They can be bulky. If the surgeon is not used to these 
clamps, they can present significant complications. The Gomco and 
Mogen clamps also need sterilisation.

Figure 95.1: Gomco circumcision kit.

Figure 95.2: Plastibell circumcision kit.

The Plastibell, invented in 1956 by Kariher,25 was fashioned after an 
earlier prototype. It is made entirely of plastic, comprising a protective 
bell with a ring grooved circumferentially. The bell is designed to fit 
over the glans while the ring is positioned under the foreskin around 
the corona. The conical end of the bell ends in an elongated detachable 
tab—a handle that is essential for stability during the circumcision, 
after which it is broken off. 
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1. The Plastibell ring is introduced under the prepuce following either 
a minimal dorsal slit or stretching of the prepucial opening. 
2. The foreskin is pulled up to fit snugly over the ring up to a 
premarked position over the corona and then secured into place with 
the accompanying suture tied securely with a nonyielding ligature to 
crush the foreskin into the groove. 
3. The prepucial skin distal to the ligature is trimmed off and the ring 
is left to fall off, often between 4 and 14 days, from ischaemic necrosis 
of the skin caught in the groove. 

The Plastibell device, which comes in a sterile pack, is used for up 
to 60% of childhood circumcisions in the United States.27 Youth, teen, 
and adult Plastibell devices are also available in Europe. It is the most 
popular circumcision kit in Nigeria, and is often specifically requested 
as “the ring method” by mothers wanting to circumcise their babies.

There is no formal way to measure what size is appropriate for each 
individual, so selection is based on the most likely fit. In its present 
format, the Plastibell ring protects the glans while the suture line helps 
ensure that the frenulum cannot be cut. There is also virtually no blood 
loss, and, in skilled hands, it can even be used on haemophiliac boys, 
a distinct advantage over all other methods.27 The Plastibell is an ideal 
tool for use by medical personnel, such as midwives, junior doctors, 
and family practitioners relatively unskilled in surgery because the 
only real skill required is the ability to tie a surgical knot that will not 
come undone over a period of about 10 days. It creates an acceptable, 
smooth, bloodless margin. The device is easy to use. It does not have 
many parts and its disposable presentation allows for many cases to be 
quickly performed over a short period of time.

The long period of retention and/or usage of the wrong size of the 
Plastibell ring account for many of the complications associated with 
this device.28 This device is more associated with infections than other 
devices30 because the ischaemic foreskin becomes progressively more 
susceptible to bacterial invasion. Most of these infections are mild 
and are treated with dressings and antibiotics.30 Some, however, are 
catastrophic with supervening cellulitis and sometimes necrotising 
fasciitis and Fournier’s gangrene.31,32 Glanular ischaemia, penile 
amputation, traumatic bladder rupture, and even death may occur.

Proximal migration and prolonged retention of the Plastibell ring 
have been associated with penile skin necrosis and urethrocutaneous 
fistula from the sustained pressure effect of the rigid plastic ring 
encasing the penile shaft eroding into the relatively subcutaneous 
penile urethra.33 The Plastibell may occlude the urethra if wrongly 
applied and thus cause acute urinary retention. One report23 found 
a 3% complication rate and a satisfaction rate of 96%. Due to these 
problems, it has been suggested that the Plastibell could be safely 
removed after 24 hours to obviate the many problems associated with 
prolonged retention.
Complete Circumcision after the Newborn Period
The steps in complete circumcision after the newborn period are out-
lined below (Figure 95.3).
1. The prepuce is widened with dissecting forceps and the coronal 
sulcus is exposed, removing any preputial adhesions. 
2. The frenulum is clamped, separated from the prepuce, and 
reconstructed with two stitches. 
3. The prepuce is repositioned and traction is applied by using two 
small artery forceps. The appropriate level of excision is marked 
on the skin just distal to coronal sulcus (gleams through the skin), 
drawing it obliquely, below from the back and above to the front. 
4. A skin incision is made at the marked level, cutting only the outer 
cutaneous layer.
5. The prepuce is retracted and the inner layer is incised 2 mm 
proximal to the coronal sulcus. 

Figure 95.3: Complete circumcision. 

6. Careful meticulous haemostasis is performed by using bipolar 
diathermy. 
7. The inner and outer preputial layers are sutured together.
Partial Circumcision
Partial circumcision is performed in societies that want to preserve the 
foreskin. In such a case, some two-thirds of the prepuce must be left to 
cover the glans. The success of this operation essentially lies in the skin 
incision. The prepuce should be incised immediately below the stenotic 
ring to ensure that the scarred prepuce is completely removed.

Postcircumcision Care
The circumcision wound should be gently wrapped in petrolatum-
soaked gauze for at least 24 hours; many mothers are reassured by the 
presence of a dressing over the wound. Thereafter, the dressing should 
be gently removed and the wound left open to dry. Antibiotics are not 
usually indicated for circumcision. Oral acetaminophen or paracetamol 
should be sufficient for analgesia. Oral promethazine may be required 
for a day or two if the baby is irritable. It is preferable to give a written 
set of instructions to mothers of circumcised babies detailing postop-
erative care. Follow-up is usually poor after the wound has healed, and 
thus, many delayed problems are discovered much later in childhood 
and at routine inspection.

After partial circumcision, gauze with local anaesthetic ointment is 
applied, and warm baths are encouraged from the 4th postoperative day, 
with cautious retraction of the remaining prepuce. 

Source: Hadidi AT, Azmy AF, eds. Hypospadias Surgery: An Illustrated Guide, 1st ed. Springer 
Verlag, 2004. Reproduced with kind permission of Springer Verlag.
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Complications 
Complications of circumcision are few in skilled hands. Most circum-
cisions worldwide, however, are performed by junior trainees, general 
practitioners, and nurses. In Nigeria and most parts of Africa, medical 
personnel perform circumcision only in the big cities, whereas the 
majority of the population dwelling in the rural hinterland still rely 
on unskilled traditional circumcision by native doctors.34 Many times, 
these doctors are itinerant, with little consideration for anaesthesia, 
haemostasis, or asepsis. The world literature on circumcision is rife 
with details of mutilation, sepsis, and sometimes death from this pro-
cedure.28,35,36 Bailey et al. reported a 25% overall rate of adverse events 
following adult circumcisions in Kenya, with 6% of patients suffering 
permanent adverse sequelae.37

Early complications of circumcision include bleeding, infection, 
glanular laceration and partial amputation, urethrocutaneous fistula, 
and failure to remove enough skin. Other complications that may 
arise later include skin-bridge, implantation dermoid cyst, and meatal 
stenosis. With care, most of these complications are preventable. It 
is therefore a part of the duties of paediatric surgeons in Africa to 
advocate for a standardisation of and formal training for circumcision 
to reduce its associated morbidity and mortality.
Bleeding
Bleeding is the most common complication, occurring in up to 10% of all 
circumcisions. The bleeding is usually brisk and should stop with digital 
pressure applied for a few minutes; otherwise, a few well-placed sutures 
would suffice. Techniques of haemostasis, such as the use of adrenaline 
pack, are discouraged to prevent systemic effects of this drug, which can be 
absorbed through the operation site. Significant bleeding may occur, how-
ever, in babies with underlying bleeding disorder, and this may be severe 
enough to warrant hospitalisation and blood transfusion. Babies have been 
known to bleed to death from massive blood loss in this situation.
Laceration and Amputation
One series over four years in the United States reported 105 serious 
clamp-related complications, including laceration, penile amputation, 
and urethral injury. About 20 serious injuries are reported per year in 
the United States, with repeated warnings from the US Food and Drug 
Administration (FDA) between 1992 and 2002.38,39 The Plastibell may 
lead to penile injuries from prolonged retention or proximal migration 
of its ring (Figure 95.4). Many more cases of significant penile trauma 
(Figures 95.5 and 95.6) have been recorded from circumcisions per-
formed by native doctors and unskilled personnel in Africa.
Redundant Skin
Failure to remove enough skin is cosmetically unsightly and is the top 
reason for parental dissatisfaction.
Sepsis and Other Complications
• Infection remains an unacceptable complication of circumcision.

• Meatal stenosis may occur if the perimeatal glans is traumatised dur-
ing circumcision.

• Chordee can be produced by a dense scar on the ventrum of the penis.

• Hesitancy and dysuria are seen in as many as 60% of older boys. 
Urinary retention may occur, leading to urosepsis, systemic infec-
tion, acute renal failure, or even bladder rupture.
Death may rarely occur after circumcision from haemorrhage, 

infection, or anaesthetic complications. Deaths have occurred in 
“initiation schools” for ritual circumcision, in South Africa.

Sexual and Psychological Consequences          
of Circumcision

A study testing subjects 4–7 years old shortly before and after circum-
cision reported that the procedure was “perceived by the child as an 
aggressive attack upon his body, which damaged, mutilated and, in 

Source: J Pediatr Urol 2010; 6:23–27; reproduced with kind permission from Elsevier. 

Figure 95.4: Complications from Plastibell circumcision: (A) prolonged retention 
of Plastibell (infant could not void urine); (B) penile skin loss resulting from 
proximal migration and prolonged retention of Plastibell ring; (C) after removal 
of the retaining ring in (B); (D) glanular nectosis from retained Plastibell.

Figure 95.5: Partial penile amputation following circumcision by a traditional 
practitioner.

Source: J Pediatr Urol 2010; 6:23–27; reproduced with kind permission from Elsevier. 

Figure 95.6: Urethrocutaneous fistula from open circumcision.
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some cases, totally destroyed him.” It resulted in increased aggressive-
ness and weakened the ego, causing withdrawal and reduced function-
ing and adaptation. In another study, children were observed to be “ter-
ribly frightened” during the procedure, leading to increased aggressive 
behaviour and nightmares afterwards. In a study of children in Turkey, 
most of whom underwent traditional circumcision at home, 66% did not 
remember anything, whereas 33% reported some bad sensations, such 
as fear, pain, and shame about the procedure.

An interesting psychological consequence of circumcision is the 
perceived superiority that may be felt by circumcised individuals 
or groups, which may create prejudice, discrimination regarding 
marriageability and property inheritance, and sometimes violence 
against noncircumcised individuals.40,41 Many opinions on psychological 
complications can be found in the literature.42

Ethical Issues
This section is reproduced in part from the British Medical Association 
(BMA) document, The law and ethics of male circumcision.43

Male circumcision is generally assumed to be lawful provided that:
• it is believed to be in the child’s best interests;

• it is performed competently; and

• there is valid informed consent.

Informed Consent/Assent and Refusal
Competent children may decide for themselves (assent). Different 
countries have different age restrictions. The wishes that children 
express must be taken into account. If parents disagree, nontherapeu-
tic circumcision must not be carried out without the leave of a court. 
Consent should be confirmed in writing.

Best Interests
The views that children express are important in determining what is 
in their best interests. Parental preference must be weighed in terms 
of the child’s interests. The child’s lifestyle and likely upbringing are 
relevant factors to take into account. Parents must explain and justify 
requests for circumcision in terms of the child’s interests. Parents do not 
have the right to demand a surgical procedure unless there is equivocal 
evidence of benefit and that the child would be harmed if the surgery is 
delayed and not performed. The need to belong to a particular religious 
or cultural group is relevant and needs to be considered. The question, 
however, arises, if the ritual could not be performed at a later time to 
give the child opportunity to decide for himself or herself.
Health Issues
In settings where circumcision is not universally practiced, parents seek-
ing circumcision for their son for reasons of hygiene or health benefits 
should be fully informed of the lack of consensus within the profession 
over such benefits. The BMA considers there is insufficient evidence 
concerning health benefit from nontherapeutic circumcision. There is 
no urgent need to perform the circumcision before the consenting age.
Standards
The General Medical Council advises that circumcisers must “have 
the necessary skills and experience both to perform the operation and 
use appropriate measures, including anaesthesia, to minimise pain and 
discomfort.” There is no legal requirement for nontherapeutic circumci-
sions to be undertaken by registered health professionals.
Conscientious Objection
Doctors are under no obligation to comply with a request to circumcise 
a child. Where the procedure is not therapeutic but a matter of patient 
or parental choice, there is no ethical obligation to refer on.

1. Circumcision is the most ancient surgical procedure known and 
has generated more controversy than any other operation.

2. The prevalence of circumcision in different populations varies, 
with approximately 80% of the world’s population being 
uncircumcised.

3. Medical indications for circumcision develop in only 3–5% of 
boys.

4. Pathological phimosis occurs in less than 1.5% of boys at the 
age of 17, and is an indication for circumcision.

5. Recurrent paraphimosis and recurrent balanitis, especially in 
diabetic boys, are indications for circumcision.

Key Summary Points

6. Other valid medical indications are condylomata acuminata 
involving the foreskin and glans, and recurrent injury (or tears) 
of the prepuce.

7. The incidence of typical surgical complications after infant 
circumcision is high and reported from Africa as being greater 
than 20%.

8. The procedure should be performed only on infants who are 
stable and healthy, and adequate anaesthesia and analgesia 
should be provided.

9. Where circumcision is universally practiced, efforts should 
be made to teach safe methods to reduce the burden of 
complications.
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CHAPTER 96

Phimosis, Meatal Stenosis, 
and Paraphimosis

Merrill McHoney
Kokila Lakhoo

Phimosis
Introduction 
Phimosis is defined as a narrowing of the preputial ring that prevents 
retraction of the foreskin over the glans penis. It can be physiologi-
cal (congenital) or pathological (acquired). Physiological phimosis is 
almost invariably present at birth. Most cases of phimosis presenting 
for surgical opinion are physiological and self-limiting. 
Demographics 
At birth, the foreskin is usually nonretractile (physiological phimosis), 
with no apparent racial differences in incidence. Physiological phimo-
sis regresses with age, as the foreskin widens and gradually advances 
over the glans penis. Prepucial adhesions are sometimes present during 
regression of physiological phimosis, but these also resolve spontane-
ously in most cases as epithelial keratinisation occurs. 
Aetiology/Pathophysiology
Physiological phimosis is a variant of normal prepucial development. 
Table 96.1 gives an indication of the natural history of physiologi-
cal phimosis. Pysiological phimosis can persist up to, and resolve at 
puberty in some cases.

Clinical Presentation 
History
Phimosis usually presents with a history of inability to retract the 
foreskin, often with ballooning on urination. Other symptoms are 
uncommon. A misdirected urinary stream may be caused by the urine 
spraying off the foreskin, with complaints of wetting the toilet seat. A 
white or creamy discharge is consistent with a discharge of smegma 
associated with a physiological phimosis. There may be a history of 
recurrent discharge with or without an intermittent lump at the corona 
(smegmatous “cyst”).

Mild inflammation of the tip of the foreskin is common and is due 
to ammoniacal irritation. This sometimes causes a history of redness 
confined to the tip. Overt infection of the foreskin causes swelling and 
redness of the entire foreskin and a yellow or greenish discharge. The 
child may complain of burning on urination. Urinary tract infection 
(UTI) should be ruled out.

BXO often presents with severe burning with urination. The patient 
or parent may also express the fact that the foreskin, which was once 
retractile, is no longer so. With severe disease, the pain can cause the 
child to inhibit urination and thus contribute to retention. There may be 
mild bleeding from the foreskin. With meatal or urethral involvement, 
the symptoms can progress to straining at urination and poor stream. 
Complete obstruction can ensue due to severe meatal stenosis. 

Physical examination
In physiological phimosis, the foreskin is soft and supple. There is usu-
ally a sufficient prepucial meatus to be seen. Often, this can be accentu-
ated by gentle stretching of the foreskin. In some cases the foreskin can 
be partially retracted to reveal part, if not most, of the glans, with supple 
glanular adhesion remaining. In physiological phimosis, the foreskin 
“pouts” or “mushrooms” on gentle retraction. Retraction should never 
be forceful. 

In a rare variation of phimosis, the urine stream gets directed 
into the prepucial space, giving rise to the so-called “volcano penis” 
(Figure 96.1). In this condition, the prepuce stretches and covers most 
of the penis. The prepucial and suprapubic space expands with urine, 

Newborn Infants 4%

   1-year old boys  50%

   4-year old boys 90%

Table 96.1: Percentage of boys with retractile foreskin, by age.

Pathological phimosis can be defined as a scarred and fribrotic 
foreskin that prevents its retraction and is unyielding. Pathological 
phimosis may very rarely be a primary or congenital anomaly, but 
is much more commonly secondary. One cause is repeated attacks 
of infection of the foreskin and/or glans (balanoposthitis) that cause 
scarring. The usual infecting organism is staphylococcus; flucloxacillin 
or co-amoxiclav is usually therapeutic. Poor foreskin hygiene may 
contribute to repeated infection. Recurrent or chronic inflammation 
may lead to a rigid, fibrous foreskin. Scarring from trauma, for example 
from zipper injuries, may also be causative. 

Pathological phimosis is most often the result of balanitis xerotica 
obliterans (BXO).1 In this condition, equivalent to lichen sclerosis 
atrophicus, the foreskin is thickened, inflamed, scarred, and unyielding. 
The exact aetiology of BXO is uncertain. Histologically, there is 
hyperkeratosis and basal layer degeneration with an infiltrate of 
lymphocytes, plasma cells, and histiocytes. The pathological process 
giving rise to BXO can also affect the urethra, giving rise to meatal and 
urethral stenosis. According to one study.2 BXO is twice as common 
in blacks and Hispanics compared to whites. BXO is unusual before 
2 years of age; usually peaking in presentation after 5 years.3 The 
prevalence of pathological phimosis in boys up to 15 years of age is 
0.6% in a Westernised population.1

Figure 96.1: Volcano penis with a phimosis.
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stretching the tissue planes. Pressure on the large prepucial space can 
sometimes cause urine to be expressed from the foreskin meatus. This 
form of phimosis is best treated with a tri-radiate prepuitoplasty, as 
circumcision is difficult and can be disfiguring cosmetically.

With pathological phimosis, the foreskin is thickened and scarred 
and can be unyielding. In cases of BXO, the foreskin may be scaly, 
inflamed, and haemorrhagic, or it can be white and fibrotic (Figure 
96.2). It can also be literally pinhole size.

Investigations 
In cases of physiological phimosis, no investigation is usually required. 
If infection is suspected, a swab for culture should be taken. If UTI is 
suspected, a urine sample should be tested.

In cases of BXO and for those patients presenting with symptoms of 
meatal stenosis, a urine flow study is useful. 
Management 
Physiological phimosis
As already noted, most cases of physiological phimosis resolve spon-
taneously, sometimes as late as puberty. Conservative management is 
therefore the mainstay of treatment in these cases. Firm reassurance 
from the surgeon to the parents is required to avoid unnecessary cir-
cumcision. Routine foreskin care is all that is needed. When partial 
retraction of the foreskin becomes possible, the foreskin should be 
gently retracted in the bath, gently cleaned and then pulled back over 
the glans. This should never be forceful and should be done by the boy 
himself when possible, as he will normally stop retracting if there is any 
discomfort. Forceful retraction may create small tears and can create a 
pathological phimosis.

Topical steroids have been shown to be a viable, cost-effective 
outpatient means of treating physiological phimosis.4 Occasionally 
a 4- to 6-week course of weak topical steroid administration (e.g., 
0.05% betamethasone) is useful to demonstrate retractability. Parents 
should be warned, however, that recurrence is common after the 
course if routine foreskin care and retraction are not continued. The 
demonstration of what will soon ensue as a natural process in time is 
often sufficient treatment, and a second course should not be necessary.

Circumcision
Physiological phimosis alone is not an indication for circumcision. 
Indications for circumcision include:
• pathological phimosis;

• BXO;

• recurrent balanoposthitis;

• persistent painful erections associated with a phimosis; and

• physiological phimosis that persists into adolescence.

Circumcision is performed in the following steps (see also Chapter 95):
1. The foreskin is dilated to allow division of adhesions and full 
retraction.
2. The foreskin is marked at the coronal level where it will be incised, 
making sure that neither too much or too little is excised.
3. The foreskin and inner prepucial layer can be incised individually or 
together by using a knife.
4. The inner prepucial layer is then trimmed to leave a 5-mm cuff.
5. Haemostasis is achieved by using bipolar diathermy.
6. The shaft skin is then anastamosed to the inner layer by using fine 
interrupted absorbable sutures (e.g., 5/0 monocryl).
7. A haemostatic mattress suture can be placed on the frenulum to 
assist with haemostasis. 

The most common complication of circumcision is bleeding. This 
is often minimal and self-limiting, requiring only a pressure dressing in 
most cases. Rarely, a return to the surgical theatre is needed to achieve 
haemostasis; either with suture or diathermy. The most common site for 
bleeding is the frenulum. 

Infection is uncommon; usually a staphylococcus is causative. 
Topical (e.g., fucidin) or enteral (e.g., flucloxacillin or co-amoxiclav) 
antibiotics are usually needed for 5 days. Infection and sequelae of 
it are more common when untrained circumcisions are performed, a 
particular issue in African ritual circumcisions.5;6 Severe infection can 
lead to penile gangrene and loss. Occasionally, overwhelming sepsis 
can lead to death. 

Meatal stenosis can occur postcircumcision secondary to exposure 
of the meatus to trauma or ammoniacal dermatitis in the infant. If too 
much shaft skin is excised, painful erections can result. Removal of too 
much skin can also cause a partially buried appearance to the penis, and 
cosmetic dissatisfaction can occur. 

Amputation of the glans is a rare complication of circumcision. This 
is more common in procedures being done by nontrained personnel. 
Prognosis and Outcomes 
There are no long-term aspects of physiological phimosis of note. If 
present after puberty at the age when sexual intercourse is started, 
however, it can cause interference with sexual activity. 

Boys with BXO should be followed up to detect the development 
of urethral stenosis. Older patients and those with meatal involvement 
tend to have a more severe and complicated clinical course. Penile 
carcinoma in adulthood has been described as arising from BXO. Late-
presenting or long-standing disease should include this differential 
diagnosis in the work-up.
Ethical Issues 
The main ethical issue surrounds requests for circumcision in infants 
with physiological phimosis. Although there is sufficient evidence 
demonstrating the resolution with conservative management, there con-
tinues to be pressure from parents and doctors alike to circumcise these 
boys. There is also a group of patients who will be referred for con-
sideration under religious and cultural reasons. The incidence of com-
plications after circumcision is not negligible, but should be balanced 
against the higher incidence of complications if untrained personnel 
perform the surgery. There have been deaths and serious complications 
in both Western and African countries from untrained circumcisions. 
The paediatric surgeon may need to modify his practice based on local 
policies and outcomes as well as personal conviction. 

Meatal Stenosis 
Introduction 
Meatal stenosis is a narrowing of the external urinary meatus, giving 
rise to difficulty passing urine. It is uncommon in the paediatric popu-
lation, and most cases have an obvious cause that can be treated by 

Figure 96.2: Pathological phimosis due to BXO.
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simple intervention.
Demographics 
The incidence of meatal stenosis varies alongside the aetiological 
causes. The international figure for meatal stenosis postcircumcision 
varies widely, from 1% to 20% of cases.  

As mentioned earlier, BXO peaks in presentation after 5 years. 
Overall, between 15% and 30% of BXO cases have urethral involvement 
at presentation,3 with an increasing prevalence of meatal stenosis with 
time. BXO seems to have a twice higher incidence in blacks compared 
to whites. 
Aetiology/Pathophysiology 
Meatal stenosis is almost always acquired. Congenital meatal stenosis 
is rare and usually associated with another congenital anomaly of the 
urinary tract, such as hypospadias or urethral duplication. These cases 
are not addressed in this chapter.

The most common natural cause of meatal stenosis in children 
is BXO. In these cases, foreskin disease (pathological, scarred, and 
fibrotic) is present as evidence of the aetiology. Meatal stenosis can also 
be secondary to iatrogenic trauma (e.g., catheterisations) or repeated 
trauma or inflammation from ammoniacal dermatitis (ammonia nappy 
rash) postcircumcision. Ischaemic damage during the circumcision 
itself is also possible due to excessive diathermy around the frenulum 
and meatus and posthypospadius repair.
Clinical Presentation 
History
The history with meatal stenosis is that of severe difficulty urinating. 
The child forces and strains to pass urine, and produces a thin stream or 
sprays. Suprapubic pain may be present during micturation. 

Lethargy, weight loss, vomiting, or symptoms of anaemia may be 
present in late-presenting cases of meatal stenosis when renal function 
may be affected.7

Physical examination
A meatus that is stenotic may be obvious on retracting the foreskin. If 
BXO is present, the foreskin and glans are thickened, inflamed, and 
scarred. If there is significant bladder outlet obstruction, the bladder 
may be palpable. The patient should be observed urinating. The urinary 
stream is thin and weak; often only a thin spray is produced. The child 
may seem to force and be in discomfort, and it takes an appreciably 
long time to empty the bladder.

In late-presenting cases, there may be detrusor failure, with a 
dribbling stream, distended bladder, and general ill health. There may 
be signs of renal failure (dry skin, weight loss, and pallor).

Investigations 
A urine flow study is useful to assess the urine stream. It should also 
be repeated during follow-up after intervention. In meatal stenosis, the 
study can show a poor flow and there may be a significant residual 
volume after voiding.

Tests for renal function are required only if renal failure is suspected.
Cystoscopy is indicated only if urethral involvement is suspected 

from the severity of the symptoms.
Management 
Meatal dilatation is an alternative in minor cases, but sometimes 
requires repeated dilatations, with a relatively high incidence of recur-
rence. Under general anaesthesia, serial urethral dilators are used to 
calibrate and then dilate the urethral meatus to an appropriate size for 
the child. A routine repeat dilatation can be scheduled, or the effect of 
a single dilatation can be assessed before proceeding to a repeat proce-
dure. Severe or recurrent meatal stenosis is best treated by meatotomy.  

At meatotomy, the following steps are taken:
1. Before incising the meatus, a fine mosquito clip can be used to 
gently crush the tissue for around 5 seconds to assist haemostasis. 

2. An incision (approximately 3–5 mm) is made in the urethral meatus 
with a fine-tipped scissors or a knife to create an adequate meatal 
opening. 
3. Careful bipolar diathermy can be used to achieve haemostasis if 
there are any vigorous bleeding points. 
4. The edges of the incised urethra are then sutured to the glans by 
using a few fine absorbable sutures (e.g., 6/0 monocryl). 
Postoperative Complications 
Mild postoperative pain after meatotomy is common and can be treated 
by local pain-relieving gels along with oral pain relief. A soak in the 
bath is sometimes therapeutic. 

Recurrence is the main postoperative complication. This can 
generally be treated successfully by repeat meatotomy. In cases of 
BXO, more extensive urethral disease should be considered, and 
referral made to a paediatric urologist or suitably experienced surgeon. 
Prognosis and Outcomes 
There are usually no long-term sequela in simple cases. However, boys 
with BXO should be followed up to identify any ongoing or progressive 
disease, with resulting urethral stenosis. 

Rarely, meatal stenosis is discovered after a long clinical delay. 
There can be secondary effects on bladder function and secondary renal 
damage. These cases will need urological and/or nephrology follow-up 
as necessary. 
Prevention 
The main preventive measure to decrease the incidence of meatal ste-
nosis will be the judicious practice of circumcision, especially in young 
boys, as well as attention to good surgical practice during circumci-
sions. If circumcision is necessary, it should be performed by appropri-
ately trained persons to give the lowest complication rate. 

There is yet no known prevention of meatal stenosis in cases of 
BXO presenting without initial involvement. Prophylactic topical 
steroid use has not been shown to be efficacious enough in that vein.8,9

Paraphimosis 
Introduction 
Paraphimosis is defined as the inability to return a retracted foreskin 
back over the glans. This results in swelling of the glans and foreskin 
due to oedema from the resultant constriction.
Demographics 
Paraphimosis can occur at any age after the foreskin becomes retract-
able over the glans. There is no specific age preference thereafter. Cases 
present from early childhood into adulthood. Overall, paraphimosis 
accounts for around 0.9% of boys presenting to hospital in a Western 
society. 
Aetiology/Pathophysiology
There is sometimes, but not always, a partially tight foreskin in the his-
tory prior to the incident leading to the paraphimosis. 
Clinical Presentation 
History
The history is that of acute swelling of the glans penis after retraction 
of the foreskin, and the patient then not being able to return the foreskin 
to its normal position. Most cases in children occur after retracting the 
foreskin during micturation. In older children, it may be related to a 
sexual activity. There may or may not be a history of difficult retraction, 
due to a partial tightness, prior to the event. 

Physical examination
The foreskin is retracted over the glans and is tight. The glans and 
foreskin are swollen and oedematous (Figure 96.3). With progression 
of time, the glans may become severely blue and swollen as evidence 
of venous engorgement. Gangrene is an extremely late sign.
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1. Physiological phimosis does not require circumcision.

2. Pathological phimosis and physiological phimosis presenting 
with complications or into puberty should be treated with 
circumcision.

3. Topical steroid therapy is an alternative therapy to circumcision 
for physiological phimosis in those requiring treatment.

4. BXO is a common cause of pathological phimosis and can also 
cause meatal stenosis.

5. Meatal stenosis is best treated by meatotomy as a daycase 
procedure, with good results.

6. Paraphimosis is an emergency often easily resolved with simple 
reduction of the glans through the foreskin, with little sequela.

Key Summary Points

Title The fate of the foreskin, a study of circumcision

Authors Gairdner D

Institution United Cambridge Hospitals, Cambridge, UK

Reference British Medical Journal 1949; 2:1433–1447

Problem The widespread and sometimes indiscriminate use of 
circumcision to treat phimosis is questioned and addressed 
in this paper.

Comparison/
control
(quality of 
evidence)

Epidemiological and follow up study on foreskin development 
and conditions in childhood and the incidence of pathological 
conditions affecting the foreskin.

Outcome/
effect

Physiological phimosis is most often a self-limiting stage in 
prepucial development postnatally. Pathological phimosis 
is less common and is established as an indication for 
circumcision. 

Historical 
significance/ 
comments

Establishes a basis of the incidence and natural history of 
physiological phimosis.

Title Topical steroid application versus circumcision in pediatric 
patients with phimosis: a prospective randomized placebo 
controlled clinical trial

Authors Esposito C, Centonze A, Alicchio F, Savanelli A, Settimi A

Institution Department of Experimental and Clinical Medicine, Magna 
Graecia University, Campus SVenuta, Catanzaro, Italy

Reference World J Urol 2008; 26(2):187–190

Problem Phimosis.

Intervention A prospective study was carried out over a 24-month period 
on an outpatient basis on patients with phimosis. One-
hundred twenty patients applied a steroid cream twice a 
day for 4 weeks, and another group of 120 patients used 
a placebo cream twice a day for 4 weeks. Patients were 
assigned to either group by computer-generated random 
choice.

Comparison/
control
(quality of 
evidence)

Randomised control study with placebo control

Outcome/
effect

This study showed that topical steroids represent a good 
alternative to surgery in case of phimosis. Steroid therapy 
gave better results than placebos, with an overall efficacy of 
65.8%. 

Management 
Paraphimosis is an emergency, requiring prompt reduction. In appropri-
ate cases, this can be done with local and systemic pain relief and seda-
tion in the emergency department. In some cases, general anaesthetic 
is needed. 

Most cases of paraphimosis can be reduced with initial constant 
pressure applied to the glans and foreskin to “squeeze” out the oedema. 
Some pressure is maintained on the glans by forcefully pushing on the 
glans with the thumbs and pulling the foreskin over the glans with the 
fingers. In about 95% of cases, this is successful. 

Severe cases may require a dorsal slit procedure, in which a dorsal 
incision is made along the length of the foreskin to release the tight 
band. The foreskin is then retracted over the glans. The incision can be 
left to heal by secondary intention after haemostasis is achieved. 
Postoperative Complications
Postoperative dysuria is often mild. Pathological phimosis is rare. 
Recurrence is uncommon.
Prevention 
Prevention of paraphimosis revolves around careful education of boys 
and their caregivers about routine foreskin care. 

Evidence-Based Research 
Table 96.2 presents an overview of foreskin development and its con-
ditions, addressing indications for circumcision. Table 96.3 presents 
a randomised control study of the use of steroid cream for phimosis.

Figure 96.3: Paraphimosis.

Table 96.2: Evidence-based research.

Table 96.3: Evidence-based research.
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CHAPTER 97

Urolithiasis
Philip M. Mshelbwala

Hyacinth N. Mbibu

Introduction
Urinary stones are relatively uncommon in the paediatric age group; 
however, the prevalence seems to be on the increase and the tendency 
towards urinary lithiasis in males and females is the same in childhood.1,2 
The clinical features are often vague and nonspecific, so a high index of 
suspicion is usually required for diagnosis. Limited investigations tend 
to be performed in children presenting with urinary calculi,3 and this 
may affect the prevalence of urinary stones in children. The prevalence 
is also affected by race, genetics, diet, and geographic location.4

Dermographics
The decreased prevalence in children may be due to the low rate of 
secretion of endogenous oxalate. Low levels of testosterone at child-
hood may protect children from forming the most common stones.5 
Stones have been found to be more common in Western countries 
and parts of Asia than in East and West Africa. The overall incidence 
in Africa is estimated at 2–3% of the general population, with lower 
figures reported in Nigeria.6,7 The incidence may also vary within the 
same country.8

Aetiology/Pathogenesis 
Urinary stones may be due to metabolic causes, congenital anomalies, 
or infections and can be found in any part of the urinary system, from 
the kidney to the urethra. They may also migrate from the upper urinary 
tract to lower sites.

In about 75% of cases of urinary stones in children, an identifiable 
predisposing cause can be found. It is not uncommon to find more than 
one factor in the same patient.9 The causes are metabolic (40%), urinary 
tract abnormality (25%), urinary tract infection, or UTI (10%), with the 
remaining being idiopathic.10 The hot climate in some parts of Africa 
has also been implicated.11,12

Metabolic Causes 
The most common metabolic cause in children is hypercalciuria, occur-
ring in 30–50% of cases in some series.13 Certain diets and disorders 
of renal tubular transport may predispose to hypercalciuria, although 
high urinary calcium may be detected in 3–4% of normal children.14 
Cystinuria, hyperoxaluria, hyperuricosuria, hypocitric aciduria, and 
hyperxanthinuria are other metabolic causes.15 change in diet and other 
social habits may have led to an increase of urinary stones in children. 
Improved health care has also led to the emergence of urinary stones 
in patients who previously would not have survived, such as premature 
infants with hypercalcinosis and children with cystic fibrosis presenting 
with urinary stones.10

Congenital Abnormalities 
Genitourinary congenital abnormalities that cause obstruction to the free 
flow of urine also predispose to stone formation. These include posterior 
urethral valves, bladder exstrophy, vesicoureteric reflux, meatal steno-
sis, medullary sponge kidney, and pelviureteric junction obstruction. 
Neuropathic bladders from spinal bifida may lead to stone formation. 

Urinary Tract Infection
UTI is an important predisposing factor in infants and younger chil-
dren. The organisms commonly isolated are urease splitting species 
of Proteus, Klebsellia, Pseudomonas, Staphylococcus, and some 
anaerobes. These microbes split urea, leading to an increase in the uri-
nary pH, which in turn raises the urinary concentration of magnesium 
ammonium phosphate ions, creating a favourable environment for stone 
formation. The presence of oxalate-splitting bacteria in urine has also 
been implicated.
Diet 
Various foods and fluids that may result in the excessive excretion of 
substances that produce stones have a significant effect on the incidence 
of urinary stones. These include purines, oxalates, calcium, phospa-
hates, and uric acid. Diets with excessive vegetables, high levels of 
animal protein (such as beef, chicken, and lamb), milk, and ice cream 
are associated with childhood lithiasis.2 
Idiopathic 
The cause of stone formation may be unidentifiable in a number of 
patients, especially in the adolescent age group; this situation is similar 
in adults. Due to the possibility of more than one predisposing factor, 
thorough clinical and exhaustive investigative parameters are desired in 
the proper assessment of these children.8 

Pathophysiology 
The pathophysiology of urinary stone formation is quite complex and 
involves the interaction of various factors,16 including (Figure 97.1):

	  
Figure 97.1: Pathophysiology of urinary stones.

• urinary concentration of stone-forming ions, such as calcium, phos-
phate, oxalates, and uric acid;

• urinary pH;
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• rate of flow of urine; 

• balance between promoter and inhibitory factors of crystallisation 
(e.g., citrate, magnesium, pyrophosphate, nephrocalcin, Tamm-
Horsfall glycoproteins, and glycosaminglycans);  and anatomic 
factors that predispose to urinary stais (e.g. congenital anomalies), 
foreign bodies, and some drugs such as acetazolamide.
All these factors should be treated if management is to be successful 

and recurrence minimised. 
The chemical composition of urinary stones in children is similar 

to those found in adults. About 50% are calcium oxalate, 15–25% 
are calcium phosphate, and 10–15% are mixed (calcium oxalate and 
calcium phosphate). The others are struvite [magnesium ammonium, 
phosphate] (15–30%), cystine (6–10%), and uric acid (2–10%).9,13

Due to their relative high densities (based on their calcium content), most 
of these stones are visible on plain radiographs, some better than others. 

Clinical Presentation
History 
The average age at presentation is 8–10 years with a male-to-female 
ratio of 1.5:1. 

The evaluation of a child with suspected urolithiasis requires a high 
index of suspicion because the symptoms may be vague and varied. 
These symptoms include:
1. Pain/colic: Pain is the most common symptom of urolithiasis in 
children. Frank renal colic is a feature in adolescents that waxes and 
wanes in severity; the pain may range from a mild ache to severe 
discomfort. The pain can last 20–60 minutes. Acute generalised 
abdominal pain is more common in younger children,17 and diagnosis 
is made on work-up for UTI. 
2. Recurrent UTI: A history of recurrent UTI, especially in younger 
children, should be a pointer and deserves further investigation. 
3. Crying on micturition: Crying or pain on micturition (in older 
children) is also a common presenting feature; this may start early in 
life. The child may also tug at the penis during micturition. 
4. Urinary retention: Urinary retention may be the initial symptom of 
urinary stones. 
5. Gross haematuria: This alarming symptom, which is present in 
30–50% of cases and may occur in combination with colic is the main 
presenting feature of urinary stones in older children. Haematuria may 
also be microscopic.
6. Nausea and vomiting: Unexplained nausea and vomiting may be 
due to stones. A deeper probing into the patient’s history may reveal 
more symptoms. 
7. Fever: Fever may occur in children with urinary stones, especially if 
associated with UTI. 

Other symptoms include frequency of urination, tugging or pulling 
at the phallus, spontaneous passage of stones, failure to thrive, and 
rectal prolapse.7 

A number of children with urinary stones, however, are asymptomatic, 
particularly those with staghorn stones; they are discovered only during 
investigation for other conditions, such as recurrent UTIs.

Review of medical and family history is pertinent because urinary 
stones may be recurrent or familial. The dietary history, especially high-
protein foods, salts, and food and vitamin supplements, must be sought. 

The daily fluid intake should be estimated because low fluid intake, 
especially in hot climates, has been shown to be a predisposing factor 
to urinary stones. A history of drugs that affect uric acid and calcium 
metabolism is also important. 
Physical Examination 
Findings on physical examination of a child with urinary stones vary 
widely. 

• Acute episode: The patient most likely to present with acute colic is 
the older child in his teens; there is painful distress, listlessness, and 
there may be fever (if the cause is infective). Nonspecific generalised 
abdominal pain is encountered in younger children, and tenderness 
may be noted on examination. 

• Chronic stones: The child may show signs of failure to thrive result-
ing from recurrent UTI and renal failure. 

• Normal child: The child may appear grossly normal with no physi-
cal signs. 

Investigations
Urine Tests
Both urinalysis and urine culture are indicated. Urine should be anal-
ysed for pH. A high pH points towards the presence of urea-splitting 
bacteria, whereas uric acid or cystine stones form in the presence of 
low pH. Levels of calcium, oxalate, citrate, uric acid, and cystine are 
also estimated. A 24-hour urine sample in older cooperative patients 
gives more information. Urine microscopy may reveal casts, crystals, 
haematuria, and pyuria. Urine culture would also be useful in isolating 
the offending organism when present, and the sensitivity pattern would 
guide antibiotic use. Clean midstream urine can be collected in older 
patients, but clean catheterisation or a suprapubic tap may be necessary 
to avoid contamination in some younger patients.17,18 
Imaging 
Imaging is useful in confirming the presence of a stone and also in 
detecting abnormalities of the urinary tract that may have predisposed 
to stone formation.
•  Plain radiographs (Figure 97.2) can diagnose about 90% of urinary 
stones. In temperate countries, 60–70% of stones are renal at the time 
of diagnosis. When they are seen in the ureter, bladder, or urethra, 
the stones often have migrated from the kidney. In contrast, in hotter 
climates, more bladder stones are seen and have been referred to as 
endemic bladder stones.

Figure 97.2: Plain radiograph showing stone.

• Ultrasonography (US) is useful in detecting kidney stones but less 
reliable for ureteric calculi. US can also evaluate the structural state 
of the urinary system, picking up congenital malformations that may 
predispose to stone formation. Obstructive features, such as hydro-
ureters and hydronephrosis, are also diagnosed. 

• Intravenous urography (IVU) would demonstrate less opaque or radio-
lucent stones (not picked up by plain radiography) as filling defects in 
the urinary system. Renal functional status can also be assessed.
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• Helical computed tomography (CT) scans have recently been shown 
to be useful in diagnosing urinary stones.19 These give a three-
dimensional image, are able to detect almost all types of stones, and 
can determine whether the stone is causing any obstruction. 

• Retrograde pyelgraphy may rarely be needed if a radio-opaque stone 
is difficult to locate by other means.

Stone Analysis 
Where the stone has been passed out spontaneously or obtained surgi-
cally, it should be analysed for its chemical composition. Apart from 
visualising the stone, other structural abnormalities that may predispose 
to calculi formation may be detected. Stones can also be extracted dur-
ing the procedure. 
Endoscopy 
Urethrocystoscopy is used with increasing frequency in children; this 
assesses the urethra, bladder, and ureteric orifices. 
Blood Analysis 
The serum levels of calcium, phosphate, creatinine, uric acid, sodium, 
potassium, alkaline phosphate, albumin, and bicarbonate should be esti-
mated. Elevated levels may suggest the cause of the stones in metabolic 
cases and provide useful information regarding treatment. 

Treatment 
The definitive treatment of urinary stones in children should be directed 
at the specific cause; however, general and medical measures are 
important in all patients.1 
Medical 
A high fluid intake is encouraged to ensure good urinary output, 
especially in patients living in hotter climates. This increased intake is 
continued after definitive treatment to reduce the chance of recurrence. 

The older child is more likely to present with typical acute ureteric 
colicky abdominal pain. The pain in the younger child is more usually a 
generalised abdominal ache. Acute pain may be managed with narcotic 
analgesics and antispasmodics. The agitated child necessarily needs to 
be calmed; otherwise, further evaluation may be difficult. 

Appropriate antibiotic therapy where UTI has been established is 
mandatory. Bacteria commonly may be trapped in the core of calculi 
and therefore be inaccessible to antibiotics. Treatment may continue 
over prolonged periods to achieve permanent cure and to reduce the risk 
of renal scarring and recurrent UTIs. 

Patients with hypercalciuria are advised to reduce dietary sources of 
calcium such as milk and cheese; low sodium and potassium-enhanced 
diets are also beneficial. Those with hyperoxalouria are to avoid nuts, 
spinach, tea, and cocoa-based drinks and foods. In patients with citric 
acid deficiency, dietary supplementation of sodium and potassium 
citrate increases urinary citrate level, thus decreasing the chance of 
stone formation.20 

Potassium citrate is commonly used as an effective calcium stone 
inhibitor. It is readily absorbed from the gastrointestinal tract, and 

after excretion in the urine, inhibits the crystallisation of stone-
forming calcium salts by binding the calcium ion, thus decreasing its 
urinary saturation and inhibiting the nucleation and crystal growth of 
calcium oxalate. 
Extracorporeal Shock-Wave Lithotripsy 
Extracorporeal shock-wave lithotripsy (ESWL), a noninvasive mode 
of treatment, was initially reserved for adult patients but is used with 
increasing frequency and success in children.9,21,22 The stone is localised 
by US scan or x-ray, and ultrasonic shock waves are beamed at the site 
to disintegrate the stone, which is subsequently passed out or extracted. 

Indications for the use of ESWL are growing; they commonly 
include a large single stone and no evidence of urinary tract obstruction 
that may impede expulsion of fragments. Obesity and other concomitant 
medical illnesses may be relative contraindications. 
Surgery 
A wide range of surgical options are available for the treatment of 
urinary stones in children; these may be open or minimally invasive. 
Indications for surgery include failed medical treatment and failed or 
contraindicated ESWL. Surgery can also be used in conjunction with 
other forms of therapy. Surgery directed at correcting structural abnor-
malities is also indicated because this can serve to reduce the risk of 
recurrence. 

Minimally invasive surgery
Endoscopic procedures such as ureteroscopic, cystoscopic, and nephro-
roscopic lithotomy are commonly used to treat stones in children, 
especially in the developed countries. These techniques may be used 
alone or together with ESWL. Percutaneous nephrolithotomy is also 
a popular treatment option. More recently, laser has also been used to 
treat urinary stones.19 

Open Surgery
In developing countries due to the limited availability of endoscopic 
equipment, treatment of urinary stones is most commonly by open 
procedures. Pyelolithotomy, nephrolithotomy, ureterolithotomy, or 
cystolithotomy are used to extract the stones, depending on the site.7 

The most common nonanatomic cause of paediatric lithiasis is 
hypercalciuria. This must be diligently searched for and treated. If 
not, it remains an important cause of recurrent lithiasis in children. 
Treatment must also be directed towards the management of the 
underlying cause of the stone where this is identified.1 Anatomic 
anomalies such as posterior urethra valves, vesicoureteric reflux, and 
pelviureteric junction obstruction should be corrected. 

Prevention 
Long-term follow-up of children with urinary stones is necessary to detect 
recurrence. Adequate fluid intake and dietary adjustment, along with 
infection control if used in concert, help to reduce the rate of recurrence. 

Regular imaging, such as ultrasonography, urinalysis, and other 
means of monitoring may be indicated in these patients. 

1. Urinary stones are relatively uncommon in children.

2. Changes in diet and other social habits may have led to an 
increase of urinary stones.

3. In a majority of patients, an identifiable predisposing cause can 
be found, and more than one factor may be responsible in the 
same patient.

4. Presentation may be acute or nonspecific and varied; thus, 
diagnosis is often difficult or delayed. 

5. A wide range of imaging techniques as well as urine and serum 
biochemical analysis are needed for evaluation. 

6. Helical noncontrast CT is useful in confirming the presence of a 
stone and also in detecting abnormalities of the urinary tract.

7. Treatment should be directed towards removing the underlying 
cause(s) of the stone, where this is identified, as well as dealing 
with the pathological effects of the stone. 

8. Long-term follow-up of children with urinary stones is necessary 
to detect recurrence. 

Key Summary Points
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Undescended Testis
John Lazarus

John R. Gosche

Introduction 
Undescended testis (UDT; also known as cryptorchism) can be defined 
as a failure of the testis to descend normally from the abdominal cavity 
into the scrotum. UDT is the most common genital problem seen in 
children. Despite this fact, many conclusions about UDT, its aetiology, 
and ideal management, remain controversial.

Consequences of UDT
UDT is associated with a variety of potential consequences: neoplasia, 
testicular carcinoma, infertility, torsion of testis, and inguinal hernia. 
Treatment of UDT is aimed at minimising these risks.
Neoplasia
UDT is associated with an increased risk of germ cell tumour of the testis. 
It has been suggested that males with UDT have a 40 times increase in the 
rate of neoplasia above the general population.1 Although this number is 
debatable, these data need to be interpreted with caution because testicu-
lar malignancy is very rare in Africa.2 The role of orchiopexy in reducing 
malignancy is controversial, but it makes self-examination easier. 
Infertility
Unsurprisingly, reduced fertility and attendant poor-quality semen 
analysis is seen in men with UDT.1 Subfertility is observed in 40% of 
patients with unilateral and 70% of patients with bilateral cryptorchism. 
There appears to be an advantage to early orchiopexy to improve the 
fertility potential.3 This guides the timing of surgery, with an ideal win-
dow being between 6 and 24 months of age.
Inguinal Hernia and Testicular Torsion
A patent processus vaginalis is found in 90% of UDT.1 The hernia is 
routinely repaired at the time of orchiopexy. Torsion of the testis is 
rarely associated; if it occurs, a tumour is often present. 

Demographics 
UDT occurs in approximately 30% of premature and 3–5% of full-term 
males.1 In 80% of cases, the UDT migrates into the correct position 
without intervention during the first year, most in the first 3 months. 
This leaves the incidence from 1 year of age to adulthood at 1%. The 
condition occurs bilaterally in about 10% of cases. The right side is 
twice as commonly affected.

The causes of UDT are multifactorial, but risk factors include low 
birth weight (the most important factor), twins, prematurity, small for 
gestational age, and maternal exposure to estrogen during the first 
trimester.1 Hereditary factors appear to play a role, with fathers and 
brothers being more commonly affected than the general population. 
No definite racial differences in incidence are reported.

UDT can be associated with other congenital anomalies, including 
epididymal cyst (90%), hypospadias, and genital ambiguity. The 
presence of hypospadias and an undescended testis warrant work-up 
for intersex.4

Aetiology/Pathophysiology 
Testicular differentiation occurs during the 7th week of gestation. The 
testis-determining factor is the SRY gene (sex-determining region on 

the Y chromosome). Hormones that control male sexual differentiation 
include testicular androgen from Leydig cells and Mϋllerian-inhibiting 
substance (MIS) from the Sertoli cells.

Androgens (testosterone and dihydroxytestosterone) mediate the 
differentiation of paired wolffian ducts into seminal vesicles, epididymis, 
vas deferens, and ejaculatory ducts. MIS causes degeneration of the 
Mϋllerian structures. The testis lies dormant in the abdomen until the 
28th week of gestation; thereafter, it descends into the scrotum. 

The multifactorial mechanism of testicular descent involves: 
• hormonal factors: the hypothalamus-pituitary-gonadal axis; 

• the gubernaculum and genitofemoral nerve;

• increased abdominal pressure; and

• development/maturation of the epididymis.
Heyns et al. of South Africa have helped elucidate the role of the 

gubernaculum in testicular descent.5

There is presently no unified theory of testicular maldescent. 
Anomalies of the above-mentioned normal mechanism have all been 
implicated in the development of cryptorchism.

Clinical Presentation 
UDTs can be classified into testes that are truly undescended, retractile, 
ectopic, absent, or ascended.1 Eighty percent of UDTs are palpable 
(undescended, retractile, ectopic), and 20% are impalpable (intraab-
dominal or absent). Those impalpable UDTs that are truly absent at 
surgical exploration represent an in utero vascular event. 

It is critical to identify the retractile testis, which result from an 
overactive cremasteric reflex and can be manipulated without tension 
into the scrotum. Retractile testes are regarded as a variant of normal; 
however, recent suggestions are that ascent may occur, and annual 
follow-up is now recommended.1 The acquired ascending testis and the 
congenital UDT have been shown to share the same histopathology as 
germ cells.6

An ectopic testis follows an abnormal path of descent below the 
external ring and in this way differs from a typical UDT.

UDT is usually diagnosed during the newborn examination. It is 
critically important to differentiate between retractile and truly UDT. Warm 
hands covered in soapy water help reduce skin friction and ease pick-up. 

Investigations 
Imaging studies looking for an impalpable UDT are of no value. 

In the setting of a unilateral UDT with an associated hypospadias, 
intersex should be considered and a karyotype would be indicated. 

Where bilateral impalpable UDTs are present, endocrine work-up 
is required. Elevated gonadotrophins, especially follicle-stimulating 
hormones (FSHs), likely represent bilateral anorchia. A human 
chorionic gonadotropin (HCG)-stimulation test has clinical use where 
gonadothrophins are normal. However, no matter what the results of 
the test, surgical exploration remains indicated.1 Typically, this involves 
injection of HCG (100 IU/kg or 2940 IU/body surface area) with a post-
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testosterone level taken 72 hours after injection.

Management 
The ideal timing of intervention is at 6 months of age (Figure 98.1). 
Few UDTs will descend thereafter, with early management enhancing 
fertility potential.

Hormonal therapy is used in the management of UDT, yet it 
achieves success in only 20% of the cases. Surgery remains the gold 
standard. Typically, HCG (250 IU/dose in young infants, 500 IU/dose 
for children 6 years or younger, and 1000 IU/dose for individuals older 
than 6 years) is given intramuscularly twice a week for 5 weeks. The 
total dose should not exceed 15,000 IU.7

Orchiopexy for the palpable UDT is a well-established operation. 
The following pointers aid in surgical success:
1. After anesthesia is established, it is useful to re-examine the child 
to establish the site of the UDT. A previously nonpalpable testis may 
become palpable, thus avoiding abdominal exploration.
2. An incision is made in the groin crease. Careful dissection exposes 
the external oblique aponeurosis, the inguinal ligament, and the 
external ring. 
3. The latter is opened in line with the fascia. Rolling the cord structures 
under a finger may help confirm the exact site of the canal. Care inside 
the canal is taken to identify and preserve the ilioinguinal nerve.
4. The cord is isolated by sweeping the cremasteric fibres off it. The 
gubernaculum is divided, and the patent processus is dissected off the 

vas and vessels. 
5. A high ligation of the hernia sac is performed, and the remaining 
structures are skeletonised. 
6. Manoeuvres to gain sufficient length include dissection of 
retroperitoneal attachments of the cord, known as the Prentiss 
manoeuvre. Divide (or pass the testis under) the inferior epigastric 
vessels after opening the floor of the canal (transversalis fascia), 
allowing a more medial and thus direct route to the scrotum.
7. The testis is placed in a superficial dartos pouch. Fixation sutures 
should be avoided, as they have been demonstrated to cause testicular 
damage.1

Impalpable UDTs are explored either via extending the above-
mentioned inguinal incision, or an abdominal incision (vertical midline 
or Pfannenstiel incision), or—preferable if facilities allow—via 
diagnostic and potentially therapeutic laparoscopy. This exploration 
will reveal three possible findings:
1. An intraabdominal UDT is seen in roughly 40%.
2. Blind-ending vas and vessels occur in 40%. This implies a vanishing 
testis syndrome—a foetal vascular event. However, dissection of the 
retroperitoneum up to the kidney is suggested to confirm absence of a 
testis where no vessels are seen.
3. Vas and vessels entering the canal occur in 20%. Here inguinal 
exploration may be warranted to remove the testicular nubbin or 
remnant and fix the contralateral testis to prevent testicular torsion. This 

	  
Note: LH = luteinizing hormone; FSH = follicle-stimulating hormone; MIS = Müllerian inhibiting substance; hCG = human 
chorionic gonadotropin.

Figure 98.1:. Management of the infant with cryptorchism, including suggested times for referral to a paediatric urologist. Older 
children should be referred on discovery of an undescended testicle.

Source: Reprinted from Docimo SG, Silver RI, Cromie W. The undescended testicle: diagnosis and management. Am Fam Physician 2000; 62(9): 2037–2044.
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1. The retractile testis is important to differentiate on examination 
from the UDT because no surgery is required for a retractile 
testis. However, annual follow-up is advised. 

2. Eighty percent of UDTs are palpable and 20% are impalpable.

3. Therapy for UDT is motivated by a chance to improve fertility, 
to ease examination for potential malignancy, and for cosmesis.

4. The ideal time for ochiopexy is at 6 months of age, with an aim 
to complete staged repairs by 2 years of age.

5. The most significant complication of orchiopexy is testicular 
atrophy.

Key Summary Points
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action is debated because the risk for malignant transformation is low.1

Options for dealing with the intraabdominal UDT include:
1. A two-stage Fowler-Stephens orchiopexy via either open surgery 
or laparoscopy. Here the tethering testicular artery is divided at some 
distance from the testis. The rationale of using Fowler-Stephens 
orchiopexy is that the testicular arterial supply comes from three 
sources (testicular, artery to the vas, and cremasteric). At a 2nd stage 
(after 6 months of age, when collaterals have formed), the testis 
is brought down on a wide pedicle of peritoneum containing the 
remaining vessels.
2. The above surgery can also be performed as a one-stage operation 
where the artery is divided at the same sitting. Temporary occlusion 
of the testicular artery can give the surgeon confidence to proceed 
with division and mobilization. A recent multicentre review suggests a 
significantly higher atrophy rate than with the two-stage repair.8

3. Occasionally, the testis can be brought down in a single stage 
without division of the vessels.
4. Orchiectomy is usually reserved for postpubertal men with a 
contralateral normally positioned testis.

Postoperative Complications 
Standard orchiopexy is associated with the following complications: hae-
matoma, infection, unsatisfactory position (requiring revision), ilioingui-
nal nerve injury, damage to the vas, testicular atrophy, and torsion testis. 

Prognosis and Outcomes 
A meta-analysis found an 8% failure rate of orchiopexy, even in the dis-
tal UDT. A failure of more than 25% of orchiopexies for intraabdominal 
testes was seen.9

The rate of malignancy has been suggested to be as high as 22 times 
the incidence of the normal population, yet this represents only 1% of 
men with UDT. Ten percent of testicular tumours occur in men with a 
history of UDT.1

Prevention 
Early diagnosis and management of the UDT is needed to preserve fertili-
ty and improve detection of potential testicular cancer. In the African con-
text, primary health care standards need to improve to meet these goals 
and prevent the all too common presentation of an UDT in adulthood.

Evidence-Based Research 
Table 98.1 presents a study that compared laparoscopic orchiopexy to 
other approaches to correct UDT.

Table 98.1: Evidence-based research.

Title A multi-institutional analysis of laparoscopic orchidopexy

Authors Baker LA, et al.

Institution Multicentre

Reference BJU Int 2001; 87(6):484–489

Problem Multi-institutional review of the outcomes of laparoscopic 
orchiopexy.

Intervention Laparoscopy.

Comparison/
control 
(quality of 
evidence)

A questionnaire was distributed to participating paediatric 
urologists.

Outcome/
effect

Single-stage Fowler-Stephens laparoscopic orchiopexy 
resulted in a significantly higher atrophy rate than the two-
stage repair.

Historical 
significance/ 
comments

First muticentre review of its kind. The laparoscopic 
approach gave greater success than previously reported for 
the same open approaches.
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Introduction
Sexual differentiation is the process of development of the differences 
between male and female from an undifferentiated zygote (fertilised 
egg). Sex and gender are both important determinants of health. The 
term “gender” describes those characteristics of females and males that 
are largely socially created, whereas “sex” encompasses those charac-
teristics that are biologically determined.

Disorders of sex development (DSDs) have been endorsed by 
the Chicago Consensus to replace the term “intersex”. The proposed 
changes in terminology are summarised in Table 99.1. DSD is defined as 
a congenital condition in which development of chromosomal, gonadal, 
or anatomical sex is atypical. Approximately 1 in 2,000 children 
globally is born with a DSD condition. This term uses chromosomes, 
rather than gonads, as the most important classifier of an individual’s 
sex. In some DSDs, there is an associated obvious genital ambiguity 
at birth, whereas in others, the external genitalia are typically male or 
typically female, but the internal anatomy is discordant. Associated 
endocrinal and other congenital anomalies are always present.

Demographics 
DSDs occur more commonly in developing countries. Certain areas 
of the world have a high incidence for certain genetic forms of DSD 
(see section on “Aetiology and Classification” for a discussion of gene 
deficiencies). 5α-reductase deficiency was first reported on one island 
in the Dominican Republic. It is also prevalent in southern Lebanon and 
the Eastern Highlands Province of Papua New Guinea, but is relatively 
rare in caucasians. 17β-Hydroxysteroid dehydrogenase deficiency is 
very common in the Gaza Strip. Both of these conditions can lead to 
a gradual transition in gender identity from female to male. In south-
ern African blacks, 46,XX ovotesticular DSD has an unusually high 
prevalence.

Important Considerations in Africa and 
Developing Countries

Traditional Values and Beliefs
Traditional values and beliefs are often strong in certain cultures. They 
can play a very crucial role, especially in situations such as those pre-
sented by DSD, which is difficult to explain scientifically and poorly 
understood by the common man. This is often compounded by the fact 
that sexual issues are taboo subjects in certain societies, and parents do 
not want to discuss them even with medical professionals. Resorting to 
faith healers, shrines, and purveyors of magic is more natural for some 
cultures.
Family Issues 
The lack of social security provisions in developing countries means 
that when they are no longer able to do productive work, parents are 
totally dependent on their children for survival. In many cultures, the 
eldest son has special responsibilities for both the physical and spiritual 
welfare of his parents; this is one powerful reason why sons may be 
valued more highly than daughters.
Consanguinity
Conditions such as congenital adrenal hyperplasia (CAH), which are 
perpetuated by autosomal recessive inheritance, are likely to affect mul-
tiple family members and to occur with greater frequency in countries 
where consanguinity is common.
Discrimination
It is extremely common for parents of children with DSDs to experi-
ence guilt, anxiety, and depression after the diagnosis has been made. 
Their natural reaction is to keep the child’s condition a closely guarded 
secret, even from close relatives. This serves to further isolate these 
children and aggravate their distress. The parents’ fear is that if the 
child’s condition becomes widely known, both they and the child will 
suffer from being the subjects of rumour and discrimination.

Table 99.1: Proposed revised nomenclature.

Previous Proposed

Intersex DSD

Male pseudohermaphrodite, 
undervirilisation of an XY male, and 
undermasculinisation of an XY male

46,XYDSD

Female pseudohermaphrodite, 
overvirilisation of an XX female, and 
masculinisation of an XX female

46,XXDSD

True hermaphrodite Ovotesticular DSD

XX male or XX sex reversal 46,XX testicular DSD

XY sex reversal 46,XY complete gonadal 
dysgenesis

DSDs are always challenging to manage. Choosing the optimal 
gender is difficult when the genitalia are ambiguous. There is the 
risk that childhood and adolescence for affected individuals will be 
compromised by gender dysphoria “dissatisfaction” (unhappiness with 
assigned sex, which occurs more frequently in individuals with DSD 
than in the general population, but is difficult to predict from karyotype, 
prenatal androgen exposure, degree of genital virilisation, or assigned 
gender). In addition, psychosexual difficulties, defined and noted to be 
influenced by factors including androgen exposure, sex chromosome 
genes, brain structure, social context, and family dynamics, may carry 
over into adult life.
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Aetiology and Classification
Abnormalities of sex determination and differentiation result from 
mutations of any of the genes involved in male or female sex devel-
opment. Some of these mutations are well-established, but addi-
tional mechanisms remain to be described. In addition to the adequate 
expression of these genes, proper timing of their expression is also 
important. For example, normal but delayed androgenic effects result 
in incomplete masculinisation of genitalia, whereas the persistent pres-
ence of Müllerian remnants results from normal but delayed Mϋllerian-
inhibiting substance (MIS) action. For clinical purposes, DSDs are 
classified according to karyotype and based on the various steps of sex 
differentiation and development (Table 99.2).
Sex Chromosome DSD
The peripheral karyotypes of sex chromosome DSD show marked 
variation. Approximately 60% are 46,XX; 15% are 46,XY; and 25% 
show various forms of mosaicism. Less than 1% show 46,XX/46,XY 
chimerism or the existence of two or more cell lines, each of which has 
a different genetic origin. 

DSDs and sex chromosome aneuploidy
In Klinefelter (47,XXY) and 47,XYY syndromes, normal male external 
genitalia are typically present at birth. However, rare cases of the syn-
dromes have presented with ambiguous genitalia. In newborns affected 
by the Turner (45,XO) syndrome, the external genitalia appear female, 
regardless of whether the remaining X chromosome is maternal or 
paternal in origin. Rare cases of genital ambiguity observed with the 
Turner syndrome are probably related to a hidden 46,XY cell line. 

Ovotesticular DSD
Ovotesticular DSD refers to the presence of a gonad that contains both 
ovarian follicles and testicular tubular elements in the same individual. 
Ovotestes are the most frequent gonad present in sex chromosome 
DSD (60%), followed by the ovary and then the testis (Figures 99.1 
and 99.2). Most newborns with ovotesticular DSD possess a 46,XX 
chromosome complement and present with ambiguous genitalia; how-
ever, some possess a 46,XY chromosome complement or 46,XX/46,XY 
mosaicism. In newborns with ovotesticular DSD, the risk of germ cell 
tumours is believed to be low (3%) and no recommendation of testicu-
lar tissue removal is offered at this time.

Table 99.2: Classification of DSD.

Notes: CAIS = complete androgen insensitivity syndrome; DSD = disorder of sex development; MGD = mixed gonadal dysgenesis; PAIS = partial androgen insensitivity syndrome; 
StAR = steroidogenic acute respiratory (protein function).

Sex chromosome DSD 46,XY DSD 46,XX DSD

45,XO 
(Turner syndrome 
and variants)

Disorders of gonadal (testicular) development 
1. complete gonadal dysgenesis (Swyer syndrome)
2. partial gonadal dysgenesis;
3. gonadal regression
4. ovotesticular DSD

Disorders of gonadal (ovarian) development
1. ovotesticular DSD
2. testicular DSD (e.g., SRY_, duplicate SOX9)
3. gonadal dysgenesis

47,XXY 
(Klinefelter syndrome and variants)

Disorders in androgen synthesis or action
1. androgen biosynthesis defect (e.g., 17-hydroxyster-
oid dehydrogenase deficiency, 5αRD2 deficiency, StAR 
mutations)
2. defect in androgen action (e.g., CAIS, PAIS)
3. luteinising hormone receptor defects (e.g., Leydig cell 
hypoplasia, aplasia)
4. disorders of anti-Müllerian hormone and anti-Müllerian 
hormone receptor (persistent Müllerian duct syndrome)

Androgen excess
1. foetal (e.g., 21-hydroxylase deficiency, 11-hydroxylase 
deficiency)
2. foetoplacental (aromatase deficiency, POR _P450 oxido-
reductase_)
3. maternal (luteoma, exogenous, etc.)

45,XO/46,XY 
(MGD, ovotesticular DSD) Other (e.g., cloacal exstrophy, vaginal atresia)

46,XX/46,XY 
(chimeric, ovotesticular DSD)

Figure 99.1: Ovotesticular DSD.

Figure 99.2: Müllerian remnant and ovotestis. 

	  

	  

Mixed gonadal dysgenesis
Also known as asymmetrical gonadal differentiation, mixed gonadal 
dysgenesis is characterised by unique anatomical abnormalities. On 
one side of the body, a poorly developed testicular gonad exists, usu-
ally accompanied by wolffian duct structures. On the other side of the 
body is a gonadal streak. Most patients with mixed gonadal dysgenesis 
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have deficient testosterone production related to their poorly devel-
oped testicular gonad, resulting in ambiguous external genitalia. These 
cases can be considered a subgroup of the larger group of partial 
gonadal dysgenesis. Newborns affected by mixed gonadal dysgenesis 
can present with a 46,XY karyotype, but they can also present with 
a 45,XO/46,XY karyotype. Gonadectomy is recommended for these 
patients, regardless of whether they possess a 46,XY or 45XO/46,XY 
chromosomal complement. 
46,XY DSD
Ambiguous genitalia in a 46,XY newborn are due to either abnormal 
formation of the early foetal testes, low production of testosterone, 
deficient 5α-reductase activity, or the inability to respond to androgens 
(androgen insensitivity syndrome). Depending on the degree of abnor-
mality, clinical presentation of the external genitalia can be categorised 
according to the following phenotypes: female-appearing, ambiguous 
genitalia with a small phallus and hypospadias, or a micropenis with-
out hypospadias. 

46,XY DSD due to disorders in gonadal development
Gonadal dysgenesis is defined as an impairment of the formation of 
the primordia of the gonads involving the two major elements of the 
foetal testes, the Sertoli cells that secrete MIS, and the Leydig cells that 
secrete testosterone. Gonadal dysgenesis can result from a mutated or 
deleted SRY gene. 
Complete gonadal dysgenesis in 46,XY DSD (Swyer syndrome)
Complete gonadal dysgenesis is characterised by a total absence of 
functional testicular tissue in a 46,XY newborn resulting in the inability 
to produce both testosterone and MIS. Newborns affected by complete 
gonadal dysgenesis present with fully formed Müllerian structures, 
bilateral streak gonads, and female external genitalia. Affected new-
borns are reared as females as a result of their female genital phenotype. 
Gonadectomy is recommended. 
Partial gonadal dysgenesis in 46,XY DSD
In partial gonadal dysgenesis, it is presumed that a gene mutation 
results in a partial abnormality of testicular formation from the early 
urogenital ridge or bipotential gonad. Partial gonadal dysgenesis could 
also involve a mutation of a gene such as SRY needed to differenti-
ate the bipotential gonads into testes. The phenotypic result of this 
particular category of DSD is partial masculinisation of the external 
genitalia along with variable degrees of Müllerian and wolffian duct 
maintenance and development. 
Mixed gonadal dysgenesis in 46,XY DSD and 45,XO/46,XY DSD
This condition has been discussed previously under the heading “Mixed 
gonadal dysgenesis”.
Embryonic testicular regression syndrome
In embryonic testicular regression syndrome (ETRS), most of the 
patients present with ambiguous genitalia or severe micropenis associ-
ated with complete regression of testicular tissue in one or both sides. 
The variable degree of masculinisation of the internal and external 
genitalia is a consequence of the duration of testicular function prior to 
its loss. Familial cases have been reported, but the nature of the under-
lying defect is still unknown.

Disorders in androgen synthesis or action
46,XY DSD due to deficiency of testosterone biosynthesis
Complete testosterone biosynthetic defect in 46,XY DSD refers to a 
complete inactivity of any of the enzymes required for the biosynthesis 
of testosterone from cholesterol. Similar to complete gonadal dysgen-
esis, newborns affected by a complete testosterone biosynthetic defect 
are typically reared female as a result of their female external genital 
phenotype. Partial testosterone biosynthetic defect in 46,XY DSD 
refers to conditions in which there is reduced activity of any of the 
enzymes required for the biosynthesis of testosterone from cholesterol. 
Similar to partial gonadal dysgenesis, a partial testosterone biosynthetic 
defect results in ambiguous external genitalia and variable degrees of 

wolffian duct development. However, unlike partial gonadal dysgen-
esis, Müllerian ducts are not maintained in newborns with a partial 
testosterone biosynthetic defect. 
46,XY DSD due to 5α-reductase-2 deficiency
Deficiency of the 5α-reductase enzyme results from mutations in the 
steroid 5α-reductase type 2 (SRD5A2) gene. Affected newborns pos-
sess fully functioning Leydig and Sertoli cells, but due to the inability 
to convert testosterone to dihydrotestosterone (DHT), they present with 
undermasculinised external genitalia. The phenotype can range from 
a clitoral-like phallus with labio-scrotal folds to a penile urethra with 
testes located in the inguinal canal. At puberty, the testes of affected 
individuals are capable of spermatogenesis because, unlike testoster-
one, DHT is not required for germ cell maturation. Therefore, fertility is 
possible with the use of intrauterine insemination, and as a result, male 
sex rearing is recommended. 
46,XY DSD due to a defect in androgen action
A defect in androgen action is either complete or partial, which is due 
to androgen receptor (AR) gene mutations. Newborns with complete 
androgen insensitivity syndrome (CAIS) present with female external 
genitalia and are therefore raised as girls. These newborns possess nor-
mally functioning testes, but they are unresponsive to the androgenic 
effects of their testosterone. Due to the risk, albeit low (<5%), of germ 
cell malignancy, removal of both testes following the completion of 
pubertal breast development is advised. After the testes are removed, 
estrogen replacement is required to maintain secondary sexual char-
acteristics and to protect against osteoporosis. Individuals with partial 
androgen insensitivity syndrome (PAIS) experience variable degrees 
of end-organ unresponsiveness to androgens, resulting in variable 
degrees of wolffian duct and external genital ambiguity. Newborns 
affected by PAIS are considered to be at high risk (50%) for develop-
ing gonadal tumours, and bilateral gonadectomy is recommended at 
the time of diagnosis. 
Luteinising hormone receptor defects in 46,XY DSD 
Leydig cell aplasia or hypoplasia can be considered as a variant of 
gonadal dysgenesis. It is a condition of decreased numbers of Leydig 
cells, which leads to a decrease in androgen production. The phenotype 
resulting from Leydig cell hypoplasia is incomplete masculinisation of 
the external genitalia accompanied by incomplete development of the 
wolffian ducts. 

Congenital micropenis without hypospadias in 46,XY DSD
Congenital micropenis refers to a penis that forms normally during the 
first trimester of foetal development, followed by a failure to lengthen 
in an appropriate manner during the second and third trimesters. In 
male newborns, a stretched penile length of 1.9 cm or less without 
hypospadias is considered a micropenis. 
46,XX DSD
A foetus with a 46,XX chromosomal complement and normal ovar-
ian organogenesis can be exposed to excessive amounts of androgens 
originating either from the foetus itself or from the mother. Timing of 
exposure is important. If androgen exposure occurs after the 8th week 
of gestation but before the 12th week, the vaginal opening may fuse 
posteriorly and appear slitlike. Exposure to androgen after the 12th 
week of gestation (e.g., exogenous administration to the mother) will 
result in clitoromegaly without fusion of the labioscrotal folds. On 
occasion, multiple congenital malformations may be present in a 46,XX 
newborn with ambiguous genitalia. 

Abnormal foetal androgen production: congenital adrenal 
hyperplasia
Congenital adrenal hyperplasia (CAH) is a family of inherited disorders 
of adrenal steroidogenesis due to a mutation of one of the enzymes 
necessary for the biosynthesis of cortisol from cholesterol (Table 99.3). 
These abnormalities result in increased adrenocorticotropic hormone 
(ACTH) secretion by the pituitary gland that can, in turn, result in the 
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increased secretion of cortisol precursors and adrenal androgens. CAH 
is considered to exist in classic (salt wasting and simple virilising) and 
nonclassic forms.
Classic CAH
Males with classic CAH may not be diagnosed clinically at birth 
because they do not have genital ambiguity except for scrotal hyperpig-
mentation and phallic enlargement. Virilisation in boys due to CAH is 
distinguished from true precocious puberty by the testicular size, which 
is <4mls in prepubertal boys affected with CAH. 

Females with classic CAH due to salt wasting or simple virilising 
forms will have virilised genitalia at birth, ranging from clitoral 
enlargement, rugated labioscrotal folds (with or without posterior 
fusion; Figure 99.3), to complete fusion of labioscrotal folds, urogenital 
sinus, and a single opening typical of a male (Figure 99.4).

	  

	  

Figure 99.3: Classic CAH.

Figure 99.4: Severe virilisation.

Table 99.3: Congenital adrenal hyperplasia.

Deficiency Newborn Phenotype
Postnatal

Virilisation
Other

StAR (steroidogenic acute regulatory protein 
function, also called lipoid congenital adrenal 

hyperplasia)
Infantile female − Salt loss

3ß-Hydroxylase Ambiguous in XY and XX + Salt loss

17α-Hydroxylase (P450c17) Infantile female − Delayed puberty

11ß-Hydroxylase (P450c11 ß) Male in XY, ambiguous 
in XX + Hypertension

21 Hydroxylase (P450c21)
(most common form)

Male in XY, ambiguous 
in XX + Salt loss

18 Hydroxylase (P450c11B2) Normal − Salt loss

Inadequate secretion of the mineralocorticoid aldosterone causes 
salt wasting in approximately three-quarters of all classic CAH patients. 
It is characterised by hyponatremia, hyperkalemia, inappropriate 
natriuresis, and low serum and urinary aldosterone with concomitantly 
high plasma renin activity. Affected male newborns with the salt-
wasting phenotype usually are undiagnosed at birth, and they present 
2–3 weeks later or earlier, if stressed, in salt-wasting adrenal crisis.

Simple virilising is prenatal virilisation and progressive postnatal 
masculinisation with accelerated growth and advanced bone ages but 
no evidence of mineralocorticoid deficiency. Affected males with the 
simple virilising form, if not diagnosed at birth, will present at 2 years 
of age or older with early development of pubic, auxillary, and facial 
hair, penile enlargement, body odor, and growth acceleration with bone 
age advancement.
 Nonclassic CAH
Nonclassic 21-hydroxylase deficiency is one of the most common auto-
somal recessive diseases in the world. This form of CAH results from 
a mild deficiency of the 21-hydroxylase enzyme and is diagnosed by 
serum elevations of 17-hydroxypregnenolone (within the range of levels 
for unaffected individuals and levels observed for classic CAH patients). 
Patients with nonclassic CAH do not have symptoms at birth. Clinical 
presentation during childhood may include early pubic hair develop-
ment, growth acceleration, and bone age advancement. Hirsutism is the 
most common symptom (60%), followed by irregular menses (54%), 
and acne (33%) in adolescent or adult women with nonclassic CAH.

Excess maternal androgen production
Because excessive androgen production adversely affects fertility due 
to anovulation, cases of maternal androgen production during preg-
nancy are extremely rare. The origin of these maternal androgens is 
usually the ovaries or adrenal glands.

Placental aromatase deficiency
During foetal development, the adrenals produce large amounts of 
17-hydroxypregnenolone and 16-hydroxy-DHA. These steroids are 
transferred to the placenta, which then converts these steroids into 
androgens and then estrogens. If an aromatase enzyme deficiency 
exists, then androgen precursors accumulate and return to foetal circu-
lation, resulting in masculinisation of female foetuses. 

Clinical Presentations of DSD
DSDs may cause changes that are immediately visible in the newborn 
infant, or they may cause changes that are detected and presented to the 
doctor only when the child is older or has even reached adolescence. 
The range of presentations in relation to the most common causes is 
summarised in Table 99.4.

Work-up of Infants Born with Ambiguous 
Genitalia

General Concepts of Care
The consensus conference, comprising members of the Lawson Wilkins 
Pediatric Endocrine Society (LWPES) and the European Society for 
Paediatric Endocrinology (ESPE), highlighted several standards of care 
recommendations: 
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Table 99.4: Correlation between mode of clinical presentation and underlying cause.

Mode of presentation Most common causes

Child with ambiguous genitalia.

• 46,XX DSD due to CAH (21 hydroxylase deficiency)

• Sex chromosome DSD (e.g., 45,XO/46,XY partial gonadal 
dysgenesis and ovotesticular DSD)

• 46,XY PAIS

• 46,XY 5α-Reductase-2 deficiency

• 17β-hydroxysteroid dehydrogenase deficiency

Y(+) girl found to have either testes or dysgenetic gonads.
• 46,XY DSD due to CAIS

• 46,XY DSD due to complete gonadal dysgenesis

Adolescent girl with primary amenorrhoea who is found to have 
no uterus and/or vagina. She may be 46,XX and have ovaries or 
be 46,XY and have testes.

• 46,XX Müllerian agenesis

• 46,XY CAIS

46,XY boy with impalpable or inguinal testes who is found at 
surgery to have a uterus and fallopian tubes. • 46,XY persistent Müllerian duct syndrome

Boy with impalpable gonads who is found to have ovaries and a 
uterus. Or older boy with impalpable gonads who presents with 
isosexual precocious puberty.

• 46,XX DSD due to CAH (21-hydroxylase deficiency)

Girl who, although born with typical female genitalia, undergoes 
progressive clitoral enlargement and other signs of virilisation 
during childhood or adolescence.

• 46,XY DSD due to 17β-hydroxysteroid dehydrogenase defi-
ciency

1. gender assignment for all; 
2. avoidance of assignment before expert evaluation; 
3. open communication; 
4. a multidisciplinary team approach; and 
5. confidentiality and attention to patient and family concerns (adolescent 
patients should be given opportunities to ask questions and discuss their 
condition confidentially, without their parents being present).

A key point to emphasize is that the child with DSD has the potential 
to become a well-adjusted, functional member of society. Although 
privacy needs to be respected, a DSD is not shameful. It should be 
explained to the parents that the best course of action may not be clear 
initially, but the health care team will work with the family to reach the 
best possible set of decisions in the circumstances. The health care team 
should discuss with the parents what information to share in the early 
stages with family members and friends. Parents need to be informed 
about sexual development in a balanced simple way.

The multidisciplinary team
Optimal care for children with DSDs requires an experienced multi-
disciplinary team generally found in tertiary care centres and ideally 
including paediatric subspecialists in endocrinology, surgery or urol-
ogy, psychology or psychiatry, gynecology, genetics, and neonatology. 
The multidisciplinary team can play a critical role in creating a climate 
of commitment to the health and welfare of children born with DSDs, 
as well as to their families. 

Clinical evaluation
The evaluation and initial management of the newborn with ambiguous 
genitalia must be regarded as a medical and psychosocial emergency and 
be handled with great sensitivity toward the family. In obtaining the his-
tory, certain pieces of information may be particularly valuable. A history 
of infant death within the family might suggest the possibility of CAH, 
and infertility, amenorrhea, or hirsutism might also suggest possible 
familial patterns of disorders. Maternal use of medications during the 
pregnancy, in particular steroids or contraceptives, is of great importance.

The initial physical examination should begin with an assessment 
of the general health of the patient and an evaluation for malformations 
or dysmorphic features because ambiguous genitalia can occur in 
conjunction with several other congenital malformations. It is necessary 

to look for signs of dehydration with vomiting and diarrhoea because these 
are symptoms of a salt-losing crisis. A careful examination of the external 
genitalia must also be performed. A genital exam must include a measure 
of stretched phallic length, evaluation of the quality of the corpora, and 
inspection of the labia, labio-scrotal folds, or scrotum. The position 
of the urethral opening (and vaginal opening, if applicable) should be 
documented, as well as the presence and location of palpable gonads.

Investigations
Within the immediate newborn period, a karyotype should be obtained. 
Typically this requires 2–3 days to perform. Serum studies should be 
immediately sent to rule out a salt-wasting form of CAH. In addition 
to serum electrolytes, testosterone and DHT should be measured early 
because their levels may drop quickly. In addition, serum 17-hydroxy-
progesterone should not be measured until day 3 or 4 to rule out 
21-hydroxylase deficiency because the stress of delivery may result in 
a physiologic elevation of this steroid precursor in the first 1 or 2 days 
of life. The suggested schedule for hormone studies in an infant with 
ambiguous genetalia is as follows:
• At day 2 of life, measure plasma androstenedione, testosterone, and 
dihydrotestosterone. These androgens must be measured from a 
single blood sample so that the ratios of androstenedione/testosterone 
and testosterone/DHT can be calculated. 

• At day 3 or 4 of life, measure plasma 17-hydroxyprogesterone, 
17-hydroxypregnenolone, and progesterone. 

• At day 6 or 7 of life, measure plasma MIS and obtain white cells 
for deoxyribonucleic acid (DNA) studies, such as androgen receptor 
gene mutations. 

• At day 8 of life, repeat androstenedione, testosterone, DHT, and 
17-hydroxyprogesterone measures. 
A sonogram or magnetic resonance imaging (MRI) can be helpful in 

identifying both the type and extent of internal sex organ development. 
Imaging can also detect associated abnormalities of the urinary tract. 
Laparotomy or laparoscopy and gonadal biopsy are usually the next 
definitive clinical step required when a firm diagnosis based on the 
aforementioned data is impossible. Laparotomy or laparoscopy in 
this setting remains a diagnostic manoeuvre; removal of gonads or 
reproductive organs should be deferred until the final pathology report 
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is available and a gender has been assigned. Detection of AR gene 
mutations may help, although current molecular diagnosis is limited by 
cost, accessibility, and quality control.

Finally, anatomic definition of the urogenital sinus and ductal 
structures contributes to the correct diagnosis and is necessary before 
any surgical intervention. The urogenital sinus and ductal structures 
are well imaged by genitogram, which defines the entry of urethra and 
vagina into the sinus and outlines the cervical impression within the 
vagina. Endoscopy can define these relationships further, but is usually 
not necessary until surgical reconstruction becomes imminent. 
Gender Assignment
The basis of gender assignment should include: 
• The most likely adult gender identity based on impression of foetal 
androgen exposure, parents’ expectations, and expected impact of 
sexual differentiation; 

• diagnosis; 

• genital appearance; 

• genital surgical options (potential for functional, sensitive genitalia); 

• potential for fertility (considering assisted fertility techniques); 

• social and cultural pressures; and 

• family dynamics (parents’ desires, expectations, malleability, and 
reactions to genital ambiguity). 
The relative weight of the gender assignment interrelated factors 

differ in each situation. The magnitude of the impact of each factor 
upon the others is also variable over time. Depending on the degree of 
unpredictability of outcome, deference is given to psychosocial factors.

This approach recognizes the powerful influence of parental input 
on outcomes. Medical decisions in the DSD patient are usually made in 
what has been referred to as the category III level of evidence (opinions 
of respected authorities based on clinical experience, descriptive 
studies and case reports, or reports of expert committees). Thus, major 
limitations exist in making recommendations for DSD patients for most 
issues. Guidelines for gender assignment are addressed only for those 
DSD patients with substantial outcome data (Table 99.5).

Table 99.5: Current diagnosis-based recommendations for sex of rearing.

Diagnosis Sex of rearing
46,XY CAIS Female

46,XY PAIS Dependent upon judgment of degree of 
masculinisation and parental input

46,XX CAH

Female, realizing that there are anecdotal 
reports, but not verified documentation, of those 
with essentially male external genitalia raised 
satisfactorily as male

5α-reductase deficiency Strongly consider male assignment
17β-hydroxysteroid 
dehydrogenase 
deficiency

Strongly consider male assignment

Cloacal exstrophy
Conflicting outcome data; reports from the United 
States show high rates of self-reassignment to 
male

Ovotesticular DSD

Consider external genital development and 
fertility potential; given outcome uncertainties, 
potential for fertility (assuming consistent 
genitalia) is a major factor

Management of Patients with DSD
The consensus conference recognised the role of various entities in 
decision making for the DSD child, including the parent, the child, and 
the medical system. A practical application of these roles and ways to 
resolve potential conflicts between decision makers were not addressed, 
however. Decision making should be based on ethical, human rights, 

and legal grounds. Some important universally applicable ethical prin-
ciples can be followed, such as minimising physical risk (e.g., malig-
nancy) to the child; minimising psychosocial risk (e.g., social isolation) 
to the child; preserving potential for fertility; preserving or promoting 
capacity to have satisfying sexual relations; and leaving options open 
for the future.
Surgical Management
The surgeon has a responsibility to outline the surgical sequence and 
subsequent consequences from infancy to adulthood. Only surgeons 
with expertise in the care of children and specific training in the surgery 
of DSD should perform these procedures. The consensus, based upon 
the recommendations of the surgical subgroup, agreed that the primary 
goal of genital surgery was to improve functional rather than cosmetic 
outcome to enhance sexual function and romantic partnering.

Rationale for early reconstruction includes the beneficial effects 
of estrogen on infant tissues, avoiding complications from anatomic 
anomalies, satisfactory outcomes, minimising family concern and 
distress, and mitigating the risks of stigmatisation and gender-
identity confusion of atypical genital appearance. Adverse outcomes 
have led to recommendations to delay unnecessary genital surgery 
to an age of patient-informed consent, although relative risks and 
benefits are unknown.

Feminising genital surgery involves external genitalia reconstruction 
and vaginal exteriorisation, with early separation of the vagina and 
urethra. Clitoral reduction is considered with severe virilisation and 
performed in conjunction with common urogenital sinus repair. Total 
urogenital mobilisation and clitoplasty is the procedure of choice in 
the authors’ unit and is done in infancy starting from 6 months of age 
(Figure 99.5). Long-term follow-up of more than 50 cases reveals 
a very good cosmetic outcome, no urinary sequel, and very few 
complications (Figure 99.6).

	  

	  

Figure 99.5: Total urogenital sinus mobilisation.

Figure 99.6: Postoperative view.
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Psychosocial Management
Psychosocial care provided by mental health staff with expertise in DSD 
should be an integral part of management to promote positive adaptation. 
This expertise can facilitate team decisions about gender assignment/
reassignment, timing of surgery, and sex-hormone replacement. Gender 

identity (a personal concept of oneself as male or female, or, rarely, both 
or neither) development begins before the age of 3 years, but the earliest 
age at which it can be reliably assessed remains unclear. The gener-
alisation that the age of 18 months is the upper limit of imposed gender 
reassignment should be treated with caution and viewed conservatively. 
Atypical gender-role behavior (the outward manifestations of personality 
that reflect the gender identity) is more common in children with DSD 
than in the general population, but should not be taken as an indicator for 
gender reassignment. In affected children and adolescents who report sig-
nificant gender dysphoria, a comprehensive psychological evaluation and 
an opportunity to explore feelings about gender with a qualified clinician 
are required over a period of time. If the desire to change gender persists, 
the patient’s wishes should be supported.

The process of disclosure of all aspects of the DSD and its clinical 
care should be collaborative, ongoing, and planned with the parents 
from the time of diagnosis. Medical education and counselling are 
recurrent gradual processes of increasing sophistication that take 
into account the patient’s changing cognitive and psychological 
development. Quality of life encompasses dating, falling in love, 
ability to develop intimate relationships, sexual functioning, and the 
opportunity to marry and to raise children, regardless of biological 
indicators of sex. Because of fears of rejection in intimate relationships, 
a focus of psychological care should be interpersonal relationships. 
Frequent problems encountered in patients with DSD are sexual 
aversion and lack of arousability, often misinterpreted as low libido. 
Repeated examination of the genitalia, including medical photography, 
may be experienced as shaming and should be undertaken when the 
patient is under anaesthesia whenever possible.

Outcomes
As a general statement, information across a range of assessments 
is insufficient in DSD. With regard to surgical outcome, some stud-
ies suggest satisfactory outcomes from early surgery; however, other 
studies on clitoroplasty identify problems related to decreased sexual 
sensitivity, loss of clitoral tissue, and cosmetic issues. Interpretation 
of published reports on the risk of gonadal tumours is hampered by 
unclear terminology and by the effects of normal cell maturation delay. 

Concerning cultural and social factors, DSD may carry a stigma. 
Gender role change occurs at different rates in different societies, 
suggesting that social factors may also be important modifiers of 
gender role change. In the West, when selection of the optimal gender 
is being considered, a great deal of attention will be paid to whether 
the child will grow up able to enjoy sexual pleasure and fulfillment. 
Eastern thinking, in contrast, is more concerned with ensuring that the 
individual (especially if brought up as a girl) will be capable of having 
sexual intercourse to satisfy a partner.

In some societies, female infertility precludes marriage, which 
also affects employment prospects and creates economic dependence. 
Religious and philosophical views may influence the parents’ response 
to the birth of an infant with a medical condition. Poverty and illiteracy 
negatively affect access to health care.

Evidence-Based Research
The impact of reduction of the enlarged clitoris on adult sexuality has 
not been sufficiently evaluated in CAH or other DSDs. Follow-up 
studies in childhood have not been able to assess sexual function. A 
few previous reports considered surgical outcomes but they were small 
case series, and methodical assessment of genital sensitivity and sexual 
function were not performed. Table 99.6 presents a study of genital 
sensitivity following feminising genitoplasty for CAH.

Vaginal dilatation should not be performed during childhood. 
Refinement is sometimes necessary at puberty for other procedures. 
Surgery should emphasize functional cosmetic appearance and be 
designed to preserve erectile function and innervation. Substitution 
vaginoplasty should be performed in the teenage years; each of the 
techniques (self-dilatation, skin or bowel substitution) has specific 
advantages and disadvantages, and all carry potential for scarring that 
would require modification before sexual function.

Masculinising genital surgery involves more surgical procedures 
and urologic difficulties than feminising genitoplasty. Standard surgical 
repair involving hypospadias includes chordee correction, urethral 
reconstruction, and judicious testosterone supplementation. If needed, 
adult-sized testicular prostheses should be inserted after sufficient 
pubertal scrotal development. The enormity of the undertaking and 
complexity of phalloplasty must be considered during the initial 
counselling period. Care should be taken to avoid unrealistic 
expectations about penile reconstruction.

Gonadectomy is indicated in patients at high risk of developing 
germ cell malignancy. The highest tumour risk is found in testis-specific 
protein Y (TSPY)-encoded positive gonadal dysgenesis and PAIS with 
intraabdominal gonads, whereas the lowest risk (<5%) is found in 
ovotestis and CAIS. Specifically:

• For patients with CAIS or PAIS raised female, the testes should be 
removed to prevent malignancy in adulthood. The availability of 
estrogen-replacement therapy allows for the option of early removal 
at the time of diagnosis. 

• The streak gonad in patients with MGD raised male should be removed 
laparoscopically (or by laparotomy) in early childhood. Bilateral 
gonadectomy is performed in early childhood in females (bilateral 
streak gonads) with gonadal dysgenesis and Y-chromosome material. 

• For patients with androgen biosynthetic defects raised female, 
gonadectomy should be performed before puberty. 

• A scrotal testis in patients with gonadal dysgenesis is at risk for 
malignancy. Current recommendations are testicular biopsy at puber-
ty, seeking signs of the premalignant lesion termed carcinoma in situ 
or undifferentiated intratubular germ cell neoplasia. If positive, the 
option is sperm banking before treatment with local low-dose radio-
therapy that is curative. 

Sex-Steroid Replacement
Hormonal induction of puberty stimulates replication of normal puber-
tal maturation to induce secondary sexual characteristics, a pubertal 
growth spurt, and optimal bone mineral accumulation, together with 

psychosocial support for psychosexual maturation. Intramuscular depot 
injections of testosterone esters are commonly used in males; another 
option is oral testosterone. Transdermal preparations are also available. 
Patients with PAIS may require supraphysiologic doses of testoster-
one for optimal effect. Females with hypogonadism require estrogen 

supplementation to induce pubertal changes and menses. A progestin is 
usually added after breakthrough bleeding develops or within 1–2 years 
of continuous estrogen. There is no evidence that the addition of cyclic 
progesterone is beneficial in women without a uterus.

Lifelong glucocorticoid replacement therapy is the mainstay of 
treatment for classic and symptomatic nonclassic CAH patients. 
Glucocorticoids not only replace cortisol but also reduce the 
overstimulation of the adrenal cortex by reducing the release of 
ACTH, thereby suppressing the overproduction of adrenal androgens. 
Hydrocortisone is usually chosen for infants and children, as it is 
shorter acting than prednisone or dexamethasone, and thus less likely 
to compromise growth. Excessive glucocorticoid administration should 
be avoided because it can cause Cushingoid facies, growth retardation, 
and inhibition of epiphyseal maturation. Patients with salt-wasting CAH 
may also require mineralocorticoid replacement. 
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Title Sexual function and genital sensitivity following feminizing 
genitoplasty for congenital adrenal hyperplasia

Authors Crouch NS, Liao LM, Woodhouse CRJ, Conway GS 
Creighton SM

Institution The Middlesex Centre, University College London, Institute 
of Women’s Health, Elizabeth Garrett Anderson and 
Obstetric Hospital, and Institute of Urology, University 
College London Hospital (CRJW), London, UK

Reference J Urol 2008; 179:634–638

Problem Evaluation of the effect of feminising genital surgery on 
genital sensation and sexual function in women with CAH.

Intervention Sensitivity thresholds for temperature and vibration for 
the clitoris and upper vagina were measured by using a 
GenitoSensory Analyzer. Sexual function was assessed by 
using a mailed questionnaire incorporating the Golombok 
Rust Inventory of Sexual Satisfaction.

Comparison/
control 
(quality of 
evidence)

This was a cross-sectional study of genital sensitivity in 28 
women with CAH, 17 to 39 years old (mean age, 25.4); and 
10 normal controls, 23 to 38 years old (mean age, 25.3). 
Four women with CAH had not undergone prior genital 
surgery. None of the normal controls was known to have 
any endocrine abnormality or history of genital surgery. The 
study consisted of two parts: (1) sensitivity testing of the 
clitoris and upper vagina, and (2) completion of a mailed 
sexual function questionnaire.

Table 99.6: Evidence-based research.

1. Disorders of sex development (DSD) is new terminology that 
replaces the well-known terminology “intersex”.

2. DSD is a congenital condition characterised by atypical 
development of chromosomal, gonadal, or anatomical sex.

3. DSD is classified as sex chromosome DSD, 46,XY DSD, and 
46,XX DSD.

4. Management of infants suffering from DSD is challenging, 
especially in Africa and developing countries due to 
educational, financial, and behavioural factors.

5. Cases should be managed through a multidisciplinary team.

Key Summary Points

6. No assignment should be offered before full work-up, and 
reassignment should be considered in some cases.

7. Surgical correction should be based on anatomical and 
functional bases rather than a cosmetic one, although the 
importance of cosmesis should not be ignored.

8. Early correction is advised in congenital adrenal hyperplasia; 
otherwise, delay of surgery is advisable in most cases.

9. Gonadectomy should be performed in cases at high risk to 
develop gonadal carcinoma as well as in cases suffering 
gonadal dysgenesis or PAIS with intraabdominal gonads.

Outcome/ 
effect

Sensitivity is decreased in genital areas where feminising 
genitoplasty has been done. Surgery is also associated 
with sexual difficulties. A moderate but significant linear 
relationship between impaired clitoral sensitivity and the 
severity of sexual difficulties has been identified.

Historical 
significance/ 
comments

1. All patients in this study underwent their surgical 
correction in the early 1980s. The results of this study 
cannot be generally applied to current patients. Today, the 
neuroanatomy of the clitoris is better understood than it was 
25 or more years ago, and current techniques give more 
concern to preserve the neurovascular bundle of the clitoris, 
so the clitoral sensation is much less affected. 
2. If possible, no clitoral surgery should be performed, as no 
evidence suggests that a large clitoris is detrimental to sexual 
function. However, in most cases, the clitoris is quite large, 
appearing like a penis. In such cases clitoral reduction should 
be discussed with the parents after detailed consent.
3. The sexual function assessment in this study was 
dependent on a subjective method (a mailed questionnaire). 
The answers, and hence the final assessment, will be greatly 
affected by cultural and behavioural factors. Eastern thinking 
is more concerned with ensuring that the female will be 
capable of having sexual intercourse to satisfy her partner. 
In contrast, in the West, great concern is paid to whether the 
child will grow up able to enjoy sexual pleasure and fulfillment.
4. A large cohort of studies, in addition to accurate objective 
measures, are needed to justify the final outcome of feminising 
surgery, and hence outline the guidelines more precisely.
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CHAPTER 100

Bladder Outlet Obstruction
Lukman O. Abdur–Rahman

Rowena Hitchcock 

Introduction 
Bladder outlet obstruction (BOO) is the impedance or blockage of urine 
outflow from the bladder into the urethra. This may be due to anatomi-
cal or functional causes. The anatomical causes can be intraluminal, 
intramural, or extrinsic. The functional causes may be neurogenic 
or nonneurogenic. The causes are frequently overlooked in children 
because they present typically with lower urinary tract symptoms that 
are associated with other more common forms of voiding disorders, 
which are often wrongly treated and delay presentation until adult-
hood.1,2  Many of the underlying conditions lend themselves to medical 
or minimally invasive therapy, but in recent years, sophisticated tech-
niques have become available to accurately diagnose the site and extent 
of obstructive uropathy.2 These techniques are out of reach at many 
centres in African countries, and the diagnosis still may be missed. 
Subsequent treatment with a variety of empiric modalities may ulti-
mately fail, leading to permanent damage of the urinary system, renal 
failure, or detrusor failure.

Demographics
The causes of BOO are numerous and vary in incidence from one 
region to another. In Africa, reports on the incidence are scanty, prob-
ably due to lack of documentation. Voiding dysfunction is a general 
term to describe abnormalities in either the filling and/or emptying of 
the bladder. It is a common problem in children and constitutes up to 
40% of paediatric urology clinic visits.3 The International Children’s 
Continence Society (ICCS) has issued standardised definitions for 
voiding dysfunction symptoms to facilitate classification and treat-
ment.4 The peculiar demography of each cause is discussed next. 
Embryology of Lower Urinary Tract
The development of the lower urinary tract is closely interrelated with 
that of the genital tract and the hindgut.5 By the 3rd week of gestation, 
the cloaca, an endodermal structure, meets the ectoderm of the body 
wall at the cloacal membrane, and by the 5th week, the cloaca is divided 
by the urorectal septum to form the primitive rectum posteriorly and 
urogenital sinus anteriorly (Figure 100.1). The allantois, bladder, pel-
vic, and phallic portions of the urogenital system are recognisable in the 
6th week. By the 7th week, the mesonephric ducts (vas deferens) are 
shifted further caudal in the sinus and come to lie close to each other at 
Müller’s tubercle. The metanephric buds (ureters) arise from the meso-
nephric ducts, and are incorporated and shift cephalad and laterally into 
the bladder, forming the trigone.6

By the 9th week of gestation, the bladder cavity expands and the 
urachus elongates and continues with the allantoic stalk at the umbilicus. 
The extra embryonic allantois degenerates, and the urachus closes by 
the 12th week, forming the median umbilical ligament. Closure of the 
urachus permits any bladder outlet obstruction to become manifest in 
some foetuses, but delayed closure may protect others. 

The early bladder epithelium initially consists of a single cell layer, 
but by this point has become transitional. Meanwhile, the bladder 
muscle arises from mesenchyme as a longitudinal layer on the dorsal 

surface of the bladder and spreads cephalad from the bladder to the 
intrarenal collecting system.7 The bladder epithelium over the ureteral 
orifice—Chwalla’s membrane—temporarily covers and occludes the 
ureteral orifice, but later perforates, and the ureter becomes continuous 
with the bladder.8 By the 16th week of gestation, the bladder is 
completely muscularized and the urachus is closed. 

Agenesis of the bladder is a rare anomaly that may arise because 
the allantoic stalk fails to develop. Most urachal anomalies (e.g., patent 
urachus, urachal cyst, urachal sinus, and urachal diverticula) seem 
to result from delayed closure of the urachus, which may also arise 
from lower urinary tract obstruction at less than 12 weeks gestation. 
Some anomalies result from a general mesodermal failure (the urachal 
diverticulum of the Prune belly syndrome).6 Intravesical (simple) 
ureterocoeles are thought to be due to the persistence of Chwalla’s 
membrane beyond the time when urine flow begins.8 

Bladder outlet obstruction caused by the urethral obstruction of 
posterior urethral valves or urethral hypoplasia may be detected from 4 
weeks gestation concurrent with the absorption of the mesonephric duct 
and the resorption of the urogenital membrane. Abnormal dilatation of 
Cowper’s glands may give rise to an obstructive urethral syringocele.
Physiology of Voiding
The control of voiding is at three levels: the central nervous system 
(CNS), the spinal cord, and the peripheral nervous systems from the 
sacral cord.

Normal voiding essentially is a spinal reflex modulated by the CNS 
(brain, pontine micturition centre, and spinal cord), which coordinates 
the functions of the bladder and urinary sphincter. The bladder and 
sphincter are innervated by three sets of peripheral nerves arising 
from the autonomic nervous system (parasympathetic (S2–S4) and 
sympathetic (T11–L2)) and somatic nervous system (pudendal nerve 
(S1–S4)).

In infants, the higher CNS network that controls voiding is not 
sufficiently mature to command the bladder, and control of urination 
in infants and young children comes from signals sent from the sacral 
cord. When urine fills the infant bladder, an excitatory signal is sent 
to the sacral cord (a spinal reflex center), which automatically triggers 

Source: Drawing by Abdur-Rahman, LO.

Figure 100.1: Embryonic development of lower urinary tract
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Aetiology 
The primary causes of BOO in children are anatomical or functional 
and may be congenital or acquired in both males and females (Table 
100.1). The causes may be grouped further into primary urogenital tract 
abnormalities and secondary causes from adjacent structures, and may 
be neurogenic or nonneurogenic.9

Congenital Causes of BOO
Congenital urethral developmental anomalies may present early with 
features of congenital obstructive uropathy, or later with voiding dys-
function. These include urethral hypoplasia, urethral agenesis, urethral 
valves, syringocele, and urethral duplications. The severity of presenta-
tion depends on the gestational age at onset and the degree of obstruc-
tion. In surviving patients with severe obstruction, an accompanying 
vesicorectal fistula or patent urachus may be present,10–12 as this would 
have been protective of the foetus.  

the detrusor to contract involuntary, and voiding results. As the child’s 
brain matures and develops, it gradually dominates the control of the 
bladder and the urinary sphincters to inhibit involuntary voiding until 
complete control is attained. Voluntary continence is affected by the 
environment, but it is usually attained by age 3–4 years.

Bladder filling is primarily a passive event determined by its 
intrinsic viscoelastic properties and inhibition of the parasympathetic 
nerves reducing detrusor tone. The sympathetic nerves facilitate urine 
storage by inhibiting the parasympathetic nerves, thereby causing 
relaxation and expansion of the detrusor muscle and closing the bladder 
neck by constricting the internal urethral sphincter. 

As the bladder fills, the pudendal nerve becomes excited, resulting in 
contraction of the external urethral sphincter. The continence mechanism 
is achieved by contraction of the external sphincter and the internal 
sphincter, which maintains urethral pressure (resistance) above normal 
bladder pressure. The storage phase of the urinary bladder can be switched 
to the voiding phase either involuntarily (reflexively) or voluntarily. 

Congenital urinary anomalies

Male Female

Posterior urethral valve
Anterior urethral valve 
Urethral diverticulum
Urethral duplication
Urethral atresia 
Posterior urethral polyp 
Urethral stricture 
Ureterocoele 
Cowper’s gland duct cysts
Prune belly syndrome 
Congenital urethral hypoplasia
Congenital giant diverticulum of the bladder
Hypertrophic utriculus masculinus

Vaginal obstruction (e.g., vaginal atresia with hydrometrocolpos, 
haematometrocolpos)

Urogenital sinus
Cloacal abnormalities 
Urethral atresia 
Urethral diverticulum
Urethral duplication
Ureterocoele
Prune belly syndrome

Acquired urogenital tract anomalies

Anomaly Example

Bladder neck fibrosis Schistosomiasis and other infections

Stones

Tumours Soft tissue sarcomas (rhabdomyoblastoma), squamous cell cancer of bilharziasis

Urethral stricture Trauma and infection

Postinstrumentation (endoscopy, catheterisation)

Marian’s disease A neural disorder of the urethral sphincters due to excessive fibrosis

Neurogenic bladder dysfunction Associated with hypertrophy of the bladder neck

Postoperative obstruction Ablation of posterior urethral valve (PUV) or ureterocoele, internal urethrotomy, 
bladder neck sling

Trauma Haematoma, urethral transaction

Gastrointestinal tract (GIT) Severe constipation including Hirschsprung’s disease with faeculoma

Rectal duplication

Pelvic tumours Neuroblastomas

Sacrococcygeal teratomas (types III, IV)

Anterior (pelvic) meningocele/myelolipoma

Currarino’s triad (anal stenosis, sacral defect, anterior meningocele)

Some dysfunctional voiding disorders

Neuropathic bladder with fixed sphincter resistance or detrusor sphincter dyssynergia

Dysfunctional voiding: sphincter dyssynergia with no apparent neurological lesion (Hinman’s syndrome)

Table 100.1: Causes of bladder outlet obstruction.
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Posterior urethral valves
Posterior urethral valves occur in 0.25–0.5 per 10,000 births. In Europe, 
this condition may represent 10% of all urological anomalies detected 
by prenatal ultrasound, and the overall mortality is 25–50%. Many 
foetuses are lost antenatally, and renal failure is present in 45% of survi-
vors. Foetuses with obstructive uropathy can also have other associated 
anomalies, such as chromosomal abnormalities (especially trisomies 
13, 18, and 21), and some deformations related to the oligohydramnios. 
In Africa, the severity of this diagnosis and the complexity of treatment 
may preclude effective management in many infants. 

Congenital urethral polyps
Congenital urethral polyps are a rare anomaly of the male urethra that 
may present with features of voiding dysfunction or obstruction. The 
exact incidence is unknown because many cases are asymptomatic; 
their diagnosis requires a high index of suspicion due to the variability 
of presentation.13 Many reports favour a congenital aetiology of the 
polyps, though; infective, irritative, traumatic, and obstructive causes 
have also been proposed.13–15

Congenital giant diverticulum of the bladder
Congenital giant diverticulum of the bladder is a consequence of deficien-
cy in the detrusor musculature and has been reported in infants as a rare 
cause of bladder outlet obstruction.16 A giant congenital bladder diverticu-
lum, when noted on voiding cystourethrogram (VCUG) to descend below 
the bladder neck, may lead to bladder outlet obstruction. Children with 
connective tissue disorders may be predisposed to this disorder. 

Ureterocoeles
A ureterocoele is an abnormal dilatation of the terminal intravesical or 
extravesical portion of the ureter, most commonly associated with dis-
tally ectopic and upperpole duplex ureters. The aetiology may include:
• incomplete dissolution of Chwalla’s membrane;8

• inadequate muscularisation;

• infection (especially schistosoma haematobium);

• trauma leading to fibrosis and subsequent stenotic ureterocoele; and 

• incomplete distal ureteral obstruction by tumour or calculus, causing 
a pseudoureterocoele due to fibrosis. 
Ureterocoeles are common in females (the male-to-female ratio is 

1: 4–7), with incidence of 1 in 4,000 live births, but could be as high as 
1 in 500 in autopsies.17 Ureterocoeles are more common in caucasian 
than black infants. A ureterocoele is the most common cause of bladder 
outlet obstruction in the female, and 80% are associated with the upper 
pole ureter of a duplex kidney. A ureterocoele may be confused with a 
bladder base mass or bladder diverticulum, as it may evert on filling 
where the associated bladder wall is thin; early filling phase images on 
MCUG are therefore recommended. 

Urethral duplication
Urethral duplication is a rare congenital anomaly with varied presenta-
tion, including urinary tract infection (UTI), infertility, penile deviation 
during erection, urinary incontinence, and abnormal urethra. The embry-
ologic development is poorly understood, but proposed theories suggest 
cloaca membrane–genital tubercle and urogenital sinus anomalies.18,19 
Effmann types IIA2 and IIB are known to cause outflow obstruction due 
to a mucous plug in the orthotopic urethra or by proximal dilatation of the 
dorsal urethra that compresses the ventral urethral during micturition.19 
Acquired and Extrinsic Causes of BOO
Bladder stones
Bladder stones forming in the absence of underlying uropathy are 
termed primary or endemic bladder stones. Children account for only 
2–3% of all calculous disease patients, endemic in the developing 
nations of Asia (Turkey, India, and Thailand) and northern Africa.20 

Until recently, bladder stones were relatively rare in the Western 
Hemisphere. Boys and girls are equally affected. The mean age at pre-
sentation is 6.9 years for girls and 5.2 years for boys.21,22 Insufficient 
diuresis, stasis, and infection associated with malnutrition seem to be 
the most common causes. Bladder schistosomiasis and foreign bod-
ies may form niduses for stone formation.23 The foreign bodies can 
be either iatrogenic or noniatrogenic (e.g., suture material, shattered 
Foley catheter balloons, staples, ureteral stents, and regimen of clean 
intermittent catheterisation (CIC) of Mitrofanoff conduit).23 Endemic 
paediatric bladder stones are not usually associated with renal stones 
and are relatively less likely to reoccur after treatment.24 In the paedi-
atric population, the rate of recurrence of stones ranges from 3.6% to 
68%, with the highest rates in children with underlying metabolic risk 
factors.25 Endemic stones are composed mainly of ammonium acid 
urate, calcium oxalate, or an impure mixture of ammonium acid urate 
and calcium oxalate with calcium phosphate. The schema proposed 
by Smith and Segura26 is one of the most comprehensive and useful 
systems for classification. 

Extrinsic bladder outlet compression 
Extrinsic compression of the bladder outlet is not common but may 
occur in association with sacrococcygeal teratoma, anterior sacral 
myelolipoma/meningocele, hydrometrocolpos, faeculoma of constipa-
tion or Hirschsprung’s disease, pelvic neurofibromatosis or neuroblas-
toma, and genitourinary rhabdomyosarcoma. These conditions present 
a great challenge to the surgeon27–29 (Figures 100.2 and 100.3).

Figure 100.2: (A) Seven-month-old girl with growing type III sacrococcygeal 
teratoma causing BOO and constipation, which necessitated suprapubic 
cystostomy and transverse loop colostomy. Note the gross vulva and bilateral 
thigh oedema. (B) Thirteen-year-old boy with genitourinary rhabdomyosarcoma. 
Note suprapubic fullness and overflow urinary and faecal incontinence. 
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Figure 100.3: Eleven-year-old girl with sacrococygeal mass (histology: 
neurofibromatosis) since birth. MRI (below) shows that the bladder and the rectum 
are surrounded and compressed by the mass, causing BOO and constipation. 

	  

	  

Secondary Pathologies from UTI
Urethral stricture
Urethral strictures are not common in children. When they do occur, 
they are usually posttraumatic or iatrogenic from urethral catheterisa-
tion and instrumentation.30,31 The use of equipment should be carefully 
monitored for the size and suitability for the patient and suitable lubri-
cation and care taken to avoid this complication. The congenital form 
results from abnormal junction between the proximal and distal urethra 
and may have a neonatal and postpubertal presentation. Recurrent 
infection may lead to bladder neck fibrosis, contracture, and resultant 
BOO. This may also occur from urinary schistosomiasis.32

Dysfunctional voiding 
Dysfunction of the lower urinary tract in children can be secondary to 
derangement of nervous control, disorder of detrusor and sphincteric 
muscle function, structural abnormalities, and unclassified conditions.9 
Where there is loss of coordinated relaxation of the sphincter when 
there is detrusor contraction, a functional BOO occurs. This may 
be associated with congenital pathologies of the spinal cord, spinal 
trauma, or presacral nerve injury associated with surgery or tumour, or 
may be physiological in origin with no identifiable neurological deficit 
(nonneurogenic bladder dysfunction).9,33,34 Nonneurogenic functional 
bladder disorders in children are observed in 5–15% of the paediatric 
population. Depending on the balance between the detrusor activity 
and the sphincter leak pressure, the patient may present with retention, 
overflow incontinence, or, in rare cases, a small, high-pressure bladder 
with vesicoureteric reflux and obstructive uropathy, Hinman’s syn-
drome, or nonneurogenic neurogenic bladder dysfunction).9,35,36 Video 
urodynamics is useful in the diagnosis and management of these condi-
tions but is not available in many parts of Africa.33,34

Pathophysiology of BOO: Obstructive Uropathy
An obstruction of the bladder outlet (mechanical or functional) results 
in an elevation of intravesical pressure, which is followed by excessive 
force generation by the detrusor muscles against outlet resistance. This 
results in massive hypertrophy of the detrusor muscles with resultant 
sacculation, trabeculation, and ultimately diverticula formation. The tri-
gone may be preserved, but in many instances the antireflux mechanism 

of the ureterovesical junction becomes incompetent, ureteral peristalsis 
is overcome, and increased hydrostatic pressures are transmitted direct-
ly to the nephron, causing resultant impairment of renal development 
and function. The ureters respond to the outlet obstruction by changes 
similar to the detrusor macroscopically by showing dilatation, elonga-
tion, and tortuousity.33 

As pressures in the proximal tubule and Bowman space increase, 
glomerular filtration rate (GFR) falls. After 12–24 hours of complete 
obstruction, intratubular pressure decreases to preobstruction levels. If 
complete obstruction is not relieved, a depressed GFR is maintained 
by decreases in renal blood flow mediated by thromboxane A2 and 
angiotensin II. With continued obstruction, there is a progressive fall in 
renal blood flow, ischaemia, and nephron damage. GFR falls, but tubular 
function is particularly severely affected, with a high water and sodium 
loss resulting in the high output renal failure of obstructive nephropathy. 

In the foetus, the placenta functions as the primary excretory organ 
in place of the kidney throughout gestation. Hence, in the newborn with 
BOO, the renal function is usually similar to the normal maternal levels 
initially because of the placental function. The kidneys commence 
gradual glomerular filtration by the 11th to 12th weeks of gestation. 
About 90% of amniotic fluid is produced in the kidneys, and only 10% 
comes from the GIT, lungs, and skin. In the absence of adequate foetal 
urine production, oligohydramnios results, restricting lung movement 
and decreasing fluid in the bronchial tree, and thereby causing poor 
acinar growth and decreased surfactant production. The newborn may 
have compressed limbs, Potter’s facies, and pulmonary hypoplasia 
presenting with respiratory distress and pneumothorax.

The renal compromise affects the homeostatic, hormonal, and 
enzymatic functions of the kidney and may manifest as disturbances of 
water, electrolytes and acid-base balance, anaemia, UTI, septicaemia, 
circulatory collapse or hypertension, growth retardation, azotaemia, 
chronic acidosis, and renal osteodystrophy.

Clinical Presentation
History 
Many of the cases of BOO may be asymptomatic for a long time or 
present with constitutional features that often are misleading to an 
unsuspecting practitioner. The presentation may be acute or chronic 
urinary retention, overflow incontinence, UTI, or renal failure. In the 
neonate, the presentation is characterised by abdominal distention; 
palpable suprapubic or flank masses (bladder and the kidneys); and 
urachal cyst, fistula, or abscess. Neonatal sepsis and respiratory distress 

	  
Figure 100.4: Six-week-old infant who presented with progressively reducing 
urine output, feed intolerance, failure to thrive, abdominal distenion, and gross 
lower limbs pitting oedema. Bilateral flank masses on abdominal palpation and 
ultrasound confirmed bilateral urinoma with hydroureteronephrosis.
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may also be present. Parents may give a history of urine dribble, poor 
stream, and failure to thrive in the young infant.

In infants and other children, there may be enuresis, weight 
loss, vomiting, and diarrhoea. Constipation may be present in cases 
of dysfunctional voiding, faecal impaction, Hirschsprung’s disease, 
or compression from pelvic masses. Other features include urine 
dribbling, incontinence, straining, frequency, and intermittency or 
“staccato” stream. The history should elicit prenatal health, birth and 
development, perinatal complication, and bowel and bladder habits.
Physical Examination
In the African setting, due to late presentation and lack of prenatal 
diagnosis, many children present with complications such as small 
stature for age, anaemia, gross pitting pedal oedema, ascites, and 
abdominal masses (Figure 100.4). Other features depend on primary 
or secondary causes. The spine should be examined for defects, and 
the lower extremities for reflexes, muscle mass and strength, sensation, 
and gait. The perineum should be checked for gluteal fold symmetry, 
natal cleft depth, absent coccyx, perineal sensation, tone and reflexes. 
The CNS should be checked for handedness as well as fine and gross 
motor coordination. A digital rectal examination should be done for 
anal sphincteric tone, faecal impaction, distended rectum, and presacral 
and pelvic masses.

Investigations
Before putting forward diagnostic pathways, consideration must be 
given to which investigative methods are available and what they can 
achieve. Hence, the algorithm shown in Figure 100.5 can be followed 
in the choice of investigative tools for diagnosis of the cause of BOO.

A good bladder function diary and urinary flow rate form the basis 
of BOO diagnosis, but a variety of tests may be required to confirm the 
diagnosis and determine the extent of damage. Imaging studies such as 
ultrasonography (US), plain radiography, and contrast radiography such 
as MCUG, retrograde urethrocystogram, and intravenous urography 
(IVU) are relatively inexpensive and easily accessible modalities in 
many parts of Africa. Where available, magnetic resonance imaging 
(MRI), computed tomography (CT), scintigraphy, and angiography are 
modalities of choice. Such imaging may be sufficient to define: 
• site and extent of an obstructing pathology;

• extent of urinary tract reaction to the BOO (renal pop-off mechanisms);

Figure 100.5: Algorithm for bladder outlet obstruction.
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Figure 100.6: MCUG showing (A) dilated posterior urethral and bladder 
diverticulum around the neck; (B) multiple saculation and diverticula of the 
bladder wall; and (C) distorted bladder wall and giant fundal diverticulum (a 
multiple streak of contrast suggests extravasations). 
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• split and total renal function and scarring;

• presence and degree of reflux; and

• associated anomalies, where present.

Useful Imaging Modalities 
Plain radiography 
Plain radiography can identify radio-opaque stones. It may suggest 
an enlarged or poorly emptying bladder, displacement of the bowel 
shadow from the hypochondrium by a large fluid-filled kidney, and/or 
outline associated vertebral and other bony anomalies.

Ultrasonography
Ultrasonography can demonstrate filling, dilated, or narrow posterior 
urethra or the presence of intraluminal lesions. US can demonstrate the 
size and shape of the kidneys and bladder as well as dilated pelvicalice-
al system and ureter. US should be performed with a moderately filled 
urinary bladder, and if an anomaly is found, US should be repeated 
with the bladder empty. It can be used to estimate the post voidresidual 
volume of urine, and a spinal ultrasound in children younger than 3 
months of age is useful for spinal lesions (tethering, defects, or masses)

Micturating cystourethrography
MCUG is essential for demonstration of bladder shape and capacity, 
including diverticulum (Figure 100.6) and vesicoureteric reflux and 
grading, posterior urethral dilatation, and possible filling defects and uri-
nary incontinence. A filling phase is important to identify ureterocoele.

Intravenous urogram
An IVU study gives all the information needed about the morphology 
of the urinary tract, provided the kidney is working well enough. IVUs 
in young infants are often disappointing and sometimes dangerous. In 
the neonate, due to the low GFR, the urinary tract does not opacify 
well. The x-ray exposure for IVU is relatively high, and US scans are 
performed where possible.

Scintigraphy 
Dimercaptosuccinic acid (DMSA) scintigraphy is a radionuclide tech-
nique that provides a functional cortical map of the kidney, quantifying 
renal tubular cell mass. It is particularly useful for identifying scars of 
reflux nephropathy and for estimating differential function, provided 
there is no obstruction. 

In a diethylenetriamine penta-acetic acid (DTPA) scintigram, the 
DTPA is filtered by the glomerulus and gives a dynamic study similar to 
an IVU. It identifies dilatation and obstruction, and in the latter stages 
of the study it can give information concerning reflux. Differential renal 
function can also be quantified. 

CT scan/MRI
CT scan and MRI with or without contrast enhancement are very precise 
in providing anatomical details of the lesion and the extent of damage, 
but they are quite expensive and not readily available in most African 
centres. Good-quality ultrasound with Doppler is a good substitute. 

Urodynamic studies
Urodynamic studies of the physiologic function of the bladder mechan-
ics during filling and voiding have been used to ascertain the aetiology 
and epidemiology of nonneurogenic bladder sphincter dysfunction 
(NNBSD) with the aid of x-ray screening.35 Examples of such studies 
include uroflowmetry and cystometrogram.
Uroflowmetry
Uroflowmetry should precede urodynamics to determine the urine flow 
rate in the child. Structural BOO is associated with a low-amplitude 
plateau flow rate, detrusor sphincter dyssynergia may be associated 
with staccato voiding or nonsustained flow with detrusor failure. The 
careful observer can identify this just by watching.

Cystometrogram
Cystometrogram investigates the pressures during the filling and emp-
tying phases of bladder function and may be used to measure external 
urethral sphincter activity. Bladder volumes and pressures allow detru-
sor stability and compliance, and voiding pressures may be assessed.

Cystourethroscopy
Cystourethroscopy is the approach of choice for the identification and 
treatment of structural abnormalities. Posterior urethral valves, syrin-
goceles, and ureterocoeles may be definitively treated, and polyps may 
be biopsied or resected. In the African setting, however, appropriate 
scopes may not be readily available or accessible for either adults or 
paediatric surgical services.37 

Ancillary Investigations
Ancillary investigations include the following:
• Haemogram to quantify anaemia, white cell counts, and differentials 
in UTI. The platelet count may also drop.

• Serum biochemistry to assess the electrolytes, urea, creatinine, and 
acid-base balance to reveal the level of renal function and allow 
prompt correction. Attention should be paid to the age-related, 
lower-than-adult creatinine levels in a child, lest significant renal 
impairment be missed.

• Urinalysis for blood or infection and urine specific gravity for renal 
concentration ability and albuminurea.

• Urine culture and antibiotic sensitivity.

• Biopsy and histology for potential bladder tumours and schistosoma 
granules.

• Urinary stone analysis to determine composite content and hence 
predict aetiology.

Management 
The degree and duration of obstruction are the chief determinants of 
bladder dysfunction. Early recognition and treatment are the keys to 
preventing renal function loss. Bladder outlet obstruction should be 
viewed as a potentially curable form of lower urinary tract and renal 
disease.

Efforts should be made to probe the symptoms and signs of BOO 
in children. 
Initial Treatment
Treatment of BOO depends on the underlying cause of the obstruc-
tion. For most cases, there is a need to control superimposed sepsis 
and urgently relieve the obstruction pending definitive diagnosis of 
the cause. The empirical choice of antibiotic includes intravenous 
amoxyl-clavulanic acid or an ampicillin-sulbactam combination, pend-
ing arrival of culture results. The cephalosporins and quinolones can be 
used as well. Aminoglycosides (e.g., gentamicin) are contraindicated in 
cases of compromised renal function. 

A nonballoon catheter inserted through the urethra into the bladder 
will relieve the obstruction temporarily. The bladder may be drained by 
suprapubic catheter or vesicostomy or the upper tracts by ureterostomy 
or nephrostomy. Loop ureterostomy  protects the kidneys from 
persistent reflux of infected urine and permits early recovery of the 
tone of dilated ureters while allowing the bladder to cycle normally. 
A postobstructive diuresis is possible following relief or bypass of 
obstruction, particularly chronic bladder outlet obstruction, and may 
lead to massive fluid depletion and electrolytes derangement.

In nonneurogenic dysfunctional voiding disorder, surgery is rarely 
indicated. Adoption of a conservative regimen, such as that presented 
below, may prevent further deterioration of this disorder.9,36 
1. Behavioural modification and standard urotherapy, which includes 
good fluid intake and timed voiding schedules and double voiding, 
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and a nonpharmacologic and nonsurgical combination of cognitive, 
behavioural, and physical therapy with the aim to normalise the 
micturition pattern.
2. Biofeedback and pelvic floor rehabilitation to build self-perception 
on the detrusor contraction and pelvic floor relaxation in the patient. 
3. Bowel management by use of diets, laxatives, enema, and regular 
elimination.
4. Clean intermittent catheterisation, which is indicated in upper tract 
dilatation, thickened bladder wall, and significant residue. This can be 
combined with medications.
5. Medications, such as anticholinergics and α-adrenergic blockers. 
Anticholinergics (e.g., oxybutynin, 0.2 mg/kg b.d.; propantheline, 
0.5 mg/kg b.d.; and hyoscyamine) are used to reduce or abolish 
uninhibited bladder contracture and increase functional bladder 
capacity but do not overcome BOO and may make bladder empting 
worse. Thus, they may need to be used with CIC. α-adrenargic 
blockers (e.g., doxazin mesylate, prazosin, terazocin) are used to cause 
detrusor smooth muscle relaxation and decrease outlet resistance. 
6. Botulinum A toxin  injection into the urethral urinary sphincter has 
been used in children with NNBSD,
Surgical Treatment
The definitive treatment of mechanical causes of BOO is mostly surgi-
cal. Noninvasive and minimally invasive approaches have less morbid-
ity compared with open surgery. Many centres in Africa still have to 
contend with an open approach to treat and relieve obstruction, which 
can be done with endoscopy, laparoscopy, or extracorporeal lithotripsy 
where available.

Surgical diverticulectomy, often with ureteral reimplantation, is the 
preferred treatment for bladder diverticulum, and this gives excellent 
long-term results if the underlying cause of BOO has been treated.16

Endoscopic incision of ureterocoeles (intravesical and ectopic) 
as a primary form of treatment diminishes the need for upperpole 
heminephroureterectomy. Open deroofing of a ureterocoele may 
require bladder wall reconstruction or in the presence of poor detrusor 
support of the ureterocoele, puncture is preferred.17,38 Endoscopic 
subureteric injection of polytetrafluoroethylene (PTFE) gives good 
results for associated reflux after relief of BOO.

The majority of vesical calculi in children are treated by open 
surgery because the removal per-urethrally with the use of ultrasonic 
or pneumatic lithotripsy devices is restricted in paediatric patients 
by the narrow calibre of the urethra.20–24 A percutaneous suprapubic 
cystolithotripsy as an alternative to open surgery circumvents the 
problem of urethral calibre in children.39 It is safe; in addition, it reduces 
morbidity and hospital stay, and thus reduces the cost of treatment. 

In urinary schistosomiasis, medical treatment with praziquantel is 
used in the acute phase, whereas in the late forms, transurethral incision 
can be successful in treating bladder neck contracture.

Excision of a duplicated poorly functioning urethra and or 
urethroplasty is successful in urethral duplication. However, individual 
cases should be selected by adequate investigation to avoid postoperative 
incontinence or urinary retention.18,19 The more hypospadiac urethra is 
usually the better functioning channel.

Extrinsic compression by masses should be treated accordingly by 
surgical excision and/or the use of cytotoxic drugs as either adjuvant 
or neoadjuvant where indicated. Some rhabdomyosarcomas respond to 
radiation therapy, but care must be taken to avoid postradiation damage 
with bladder neck contracture. 

Subsequent reconstruction, including bladder augmentation and 
urinary diversion, may be necessary and demand expert care to 
reduce morbidity.

Concomitant medical treatment for correction of accompanying 
pathophysiologic derangements, such as control of cardiovascular 
risk factors, diabetic nephropathy, drug dosage adjustment, and renal 
replacement therapy, is very important for early recovery of function 
and patient recovery.40

Postoperative Complications
• Reparative operations will fail if the underlying cause of BOO has 
not been treated. Urinary fistula (vesicocutaneous, perineal) requires 
catheterisation and/or prompt repair. Treat UTI as much as possible 
before surgery.

• Wound infection requires adequate dressing, maintenance of sterile 
procedure rules, and appropriate use of antibiotics.

• Urinary incontinence from damage to pelvic innervation during pel-
vic dissection, weakness of the bladder neck, or bladder neck fibrosis 
and contracture require careful plane dissection during surgery.

• Urethral stricture may be treated by dilatation, optical urethrotomy, 
or urethroplasty.

• Vesicoureteric reflux may suggest a need for reimplantation.

• Psychological disturbance and disruption in the family and social 
cycle demands social and religious support.

Prognosis and Outcome
Early diagnosis and prompt appropriate treatment of most causes of 
BOO give good results. Any untreated obstruction to the developing 
renal tract can lead to irreversible damage to the developing kidneys 
and accounts for 25% of chronic renal failure seen in childhood.40

Even complete early relief of a severe structural obstruction such as 
posterior urethral valves may not prevent the later onset of long-term 
detrusor failure, increasing postvoid residual volumes, UTI, and upper 
tract dilatation with obstructive nephropathy. 

Improved nutrition, better prenatal and postnatal diagnosis and care, 
and improved awareness of the problem improve the prognosis.

Prevention
Parents should be educated on proper toilet training of their children 
and to look out for any abnormal patterns. In all cases, early referral and 
a team approach improve the outcome. The routine antenatal US scan 
should be upgraded and is the key to early diagnosis. Follow-up should 
be life-long because urological status may change rapidly. 

Ethical Issues 
In view of the poor outcome of late diagnosed BOO, a general debate on 
ethical grounds concerns whether prenatal diagnosis, early and repeated 
postnatal screening, and even treatment can be used in children to 
prevent the occurrence of complications. The cost of the screening, 
unwarranted exposure to radiation, and sometimes invasive techniques 
in search of the pathology in a relatively small population of children 
calls for caution. More specifically, the question is whether every child 
with UTI needs a MCUG and where does the DMSA scan fit into our 
evaluation? In the UK, MCUGs are now more rarely performed, and 
national guidelines no longer routinely call for DMSA unless there is 
a US scan abnormality or the child is younger than 3 months of age. 
The questions of how long prophylactic antibiotics should be used or 
whether they are useful at all are as controversial in Europe as they are 
in Africa. 
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1. A high index of suspicion is needed for early detection and 
prevention of inappropriate treatment.

2. Dysfunctional elimination syndrome describes the association 
between voiding and bowel dysfunction.

3. Progressive bladder outlet obstruction (BOO) leads to 
obstructive nephropathy and renal failure.

4. Urethral instrumentation in children should be under a sterile 
technique, choosing appropriate-size material and using gentle 
manoeuvres to avoid strictures.

5. Patients should have sepsis controlled and obstruction relieved 
while investigating the cause of the obstruction to prevent 
further damage.
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 Acute Scrotum
William Appeadu-Mensah 

Ashish P. Desai

Introduction
Acute scrotum is defined as an acutely painful and/or swollen scrotum. 
One of the possible causes, torsion of the testis or epididymis requires 
urgent surgical intervention to salvage the testis. There are, however, no 
pathognomonic signs that clearly differentiate torsion of the epididymis 
from other possible diagnoses.1 The acute scrotum should therefore be 
assumed to be due to torsion of the epididymis until proven otherwise. 

Demographics
The incidence of the various causes of acute scrotum varies across stud-
ies.1–4 Torsion of the testis, torsion of a testicular appendage, and epididy-
mitis are the most common causes of acute scrotum, contributing more 
than 85% of the causes. The aetiology and pathophysiology of these and 
other, less frequent causes are discussed in the next section.

The incidence of torsion of the epididymis accounts for 10–40% 
of the causes of acute scrotum in children, and is more common in the 
neonatal and adolescent years. It occurs with an incidence of about 1 in 
4,000 boys aged less than 25 years. It is often unilateral, more often on 
the left side, but it also may be bilateral. 

Torsion of a testicular appendage occurs at a frequency of 30–45% of 
causes of acute scrotum and is common in the prepubertal period. 

Epididymitis occurs in 30–50% of causes of acute scrotum and 
usually affects postpubertal boys worldwide. It may also occur in infancy. 
There are no studies that show the incidence in Africa, but there also is no 
evidence that the frequency is different. 

Aetiology/Pathophysiology
Causes of acute scrotum include torsion of the testis, torsion of a testicular 
appendage, epididymitis, trauma, Henoch-Schönlein purpura, varicocoeles, 
hernias, hydrocoeles, idiopathic scrotal oedema, and testicular tumours.
Torsion of the Testis
Torsion of the testis refers to a twist of the spermatic cord. This could be 
extravaginal or intravaginal. The precipitating factor that causes the twist 
is not known for sure but there may be a history of trauma. 

Extravaginal torsion occurs when the spermatic cord twists at a site 
proximal to the tunica vaginalis. This is due to lack of attachment of the 
tunica vaginalis to the scrotal wall. It usually occurs in utero before the 
tunica vaginalis has fixed to the scrotal wall. The child is therefore born 
with an infarcted testis; this may be bilateral. It may, however, also occur 
soon after birth in the neonatal period. Metachronous bilateral torsion of 
testis has also been recognised. 

Intravaginal torsion occurs when the cord twists at a site within the 
tunica vaginalis. It is often associated with a high attachment of the tunica 
to the cord rather than close to the testis (the “bell clapper” anomaly). 
This anomaly is usually bilateral. The testis often has a transverse lie, and 
this allows the cord to twist. 

Torsion of the testis may also be associated with undescended testis 
due to poor fixation to the scrotum. Torsion is usually away from the 
midline and leads initially to venous obstruction and then to arterial 
obstruction, ischaemia, and infarction. About 720 degrees of torsion is 
required for ischaemic damage to occur. 

Torsion of a Testicular Appendage
Torsion of a testicular appendage occurs when there is a twist in either the 
appendix testis, which is a remnant of the Müllerian duct, or the appendix 
epididymis, which is a remnant of the wolffian duct. The appendix testis 
is attached to the superior pole of the testis, whereas the appendix epi-
didymis is attached to the superior pole of the epididymis. 
Epididymitis
Epididymitis is inflammation of the epididymis and may be due to reflux 
of urine, urinary tract infection (UTI), or a sexually transmitted disease 
(STD). In children, reflux of urine or a UTI is more likely to be the cause 
and is usually associated with an anomaly of the urinary system. The 
organisms involved in the younger child may be those that usually cause 
UTIs, such as Escherichia coli. In the postpubertal child, the causative 
organisms are usually those that cause STDs such as gonorrhoea and 
chlamydia. Schistosomiasis may, however, be a rare cause of epididy-
mitis in endemic regions.5 Epididymitis may eventually lead to orchitis.
Trauma 
Trauma to the scrotum due to blunt or penetrating injury may result in an 
acute scrotum. Blunt injury may be as a result of a blow to the scrotum or 
a straddle injury. The trauma may lead to a hematocele, a ruptured testis, 
or a haematoma in the testis. A penetrating injury is usually accompanied 
by an entry and exit wound. 
Henoch-Schönlein Purpura
Henoch-Schönlein purpura is a generalised vasculitis that affects the skin, 
joints, gastrointestinal tract (GIT), and kidneys. It causes inflammation 
of the scrotal wall and a vasculitis, which may involve the epididymis or 
testis. The cause is not known, but may be due to an abnormal reaction 
of the immune system to normal antigens.6

Varicocoeles 
Varicocoeles are dilated tortuous veins in the scrotum due to a failure of 
the valves draining the testicular veins. Varicocoeles may lead to pain, 
swelling, subfertility, oligospermia, or reduced sperm motility. The warm 
environment created in the scrotum is believed to contribute to subfertil-
ity. 
Hernias and Hydroceles
Hernias and hydroceles occur as a result of a patent processus vaginalis 
that allows abdominal viscera or fluid to move in and out of the proces-
sus. When viscera such as bowel are involved, it may become irreducible, 
obstructed, or strangulated, leading to a painful scrotal swelling.
Idiopathic Scrotal Oedema
Idiopathic scrotal oedema is sudden onset of oedema and redness of the 
scrotum in children, usually not associated with pain. The aetiology is not 
known for certain, but it is suspected to be an allergic reaction.
Testicular Tumours
Testicular tumours may present as painful scrotal swellings in children, 
probably due to bleeding into them. Teratomas are a common cause of 
tumours in children.
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Clinical Presentation
Although no pathognomonic signs differentiate torsion of the epididymis 
from other diagnoses, a complete history, physical examination, and 
necessary investigations help to narrow down the possibilities and thus 
reduce the number of unnecessary explorations.7 Table 101.1 summarises 
the clinical presentations for torsion of the epididymisis, torsion of a tes-
ticular appendage, and epididymitis.
History 
The age at presentation is important in the differential diagnosis of acute 
scrotum. In the neonatal period, torsion of the testis is likely, whereas 
Henoch-Schönlein purpura or torsion of a testicular appendage may occur 
in the prepubertal period. In the postpubertal period, torsion of the testis 
and epididymitis are more common. No childhood age is exempt, however, 
from any of these pathologies, and all children should be treated promptly. 

Symptoms in patients with acute scrotum may include pain, swelling, 
nausea and vomiting, urinary symptoms, or fever. 

Pain is an important symptom in the history of acute scrotum. Sudden 
onset of severe scrotal pain in a patient who has been well suggests 
torsion of the testis. Gradual onset of pain becoming severe over a number 
of days suggests epididymitis or torsion of a testicular appendage. The 
site of pain may be the abdomen or scrotum in torsion of the testis or 
epididymitis. Hence, the testes should be examined in all cases of pain in 
the abdomen, especially in smaller children. Pain localised to the top of 
the scrotum may be due to torsion of a testicular appendage. Joint pains 
associated with abdominal pain, bloody stool, and sometimes haematuria 
suggests Henoch-Schönlein purpura. 

A history of a scrotal swelling that appears on straining and then 
disappears on relaxation suggests a hernia, whereas a recurrent swelling 
that appears while awake and disappears when sleeping may suggest 
a varicocoele or a hydrocoele. Swelling that occurs after severe pain 
suggests torsion of the testis. 

Nausea and vomiting may occur at the onset of torsion of the epididymis.
Urinary symptoms, such as frequency and dysuria, may suggest 

a UTI and epididymitis, whereas a urethral discharge suggests 
epididymitis due to a sexually transmitted infection. A previous history 
of urinary instrumentation or urinary anomaly suggests epididymitis. 

A history of fever suggests epididymitis.
A history of trauma may suggest injury but may also suggest torsion 

of the testis, especially if the severity of symptoms is not explained by the 
nature of the trauma. A previous history of recurrent pain in the scrotum 
that subsides without much intervention suggests torsion of the testis. 

Table 101.1: Clinical presentations. 

Clinical feature Torsion of the epididymis Torsion of a testicular appendage Epididymitis

Pain in the scrotum Sudden severe onset Gradually getting severe over days Gradually getting severe over days

Nausea and/or vomiting May be present at onset Not usually present at onset Not usually present at onset

Urinary symptoms Usually absent Usually absent May be present

Urethral discharge Usually absent Usually absent May be present

History of trauma May be present Usually absent Usually absent

Previous history of recurrent pain May be present Usually absent Usually absent

Previous history of instrumentation 
or urinary anomaly

Usually absent Usually absent May be present

Fever Usually absent Usually absent May be present

Swollen tender testis and 
epididymis

Occurs early Occurs late Occurs late

Localised tenderness Usually not localised Localised to nodule at top of testis at the onset Localised to epididymis posterior to 
testis at the onset

Prehn’s sign Negative Positive Positive

Cremasteric reflex Absent Present Present

Physical Examination
A thorough physical examination is mandatory. As previously men-
tioned, fever suggests epididymitis.

Abdominal distention may be present in a patient with an obstructed 
hernia and may be associated with visible peristalsis. Tenderness 
and rebound tenderness suggest peritonitis, which may be due to a 
strangulated hernia. 

The scrotum may be enlarged in torsion of the testis, torsion of 
a testicular appendage, epididymitis, trauma, hydrocoele, hernias, 
idiopathic scrotal oedema, varicocoele, and testicular tumours. The 
enlargement is inguinoscrotal in hernias but purely scrotal in the 
others. In torsion of the testis, the testis may be visibly high and lying 
transversely, although this is not invariably the case. 

In lighter-skinned individuals, the scrotum may look red and 
oedematous in torsion of the testis, torsion of a testicular appendage, 
epididymitis, trauma, strangulated hernias, Henoch-Schönlein purpura, 
and idiopathic scrotal oedema. A blue dot may be noted at the superior 
end of the testis in light-skinned individuals in torsion of a testicular 
appendage, and this finding in addition to localised tenderness at this 
spot is pathognomonic of this condition.

Tenderness in the scrotum is elicited in torsion of the epididymis, 
torsion of a testicular appendage, epididymitis, strangulated inguinal 
hernias, trauma, and Henoch-Schönlein purpura. Tenderness may be 
localised to the top of the scrotum in torsion of a testicular appendage, 
where a nodule may also be palpated. It may be localised to the 
epididymis posterior to the testis in early epididymitis, but the whole 
testis becomes tender and enlarged in late epididymitis. In torsion of the 
epididymis, tenderness affects both testis and epididymis early in the 
history. There is no tenderness in idiopathic scrotal oedema. 

Lack of relief of pain on lifting the scrotum upwards suggests 
torsion of the testis (Prehn’s sign). Relief of pain on rotating the 
testis toward the midline in an attempt to detort the epididymis 
suggests torsion of the testis. The cremasteric reflex, which is elicited 
by stroking the medial aspect of the thigh, suggests torsion of the 
epididymis when absent, but suggests torsion of the appendix testis or 
epididymitis when present.

An enlarged, firm, well-circumscribed swelling that may or may not 
be tender may be palpated in testicular tumours.

A palpable “bag of worms” suggests varicocoele.
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Investigations
Investigations may be helpful if there is a great likelihood that the acute 
scrotum is not due to torsion of the testis or if presentation is late. The 
time spent on this, however, may lead to the demise of a viable testis. 
Early exploration is therefore mandatory if torsion of the testis cannot 
be ruled out clinically.3

Routine urine examination may show pyuria and bacteriuria or 
pyuria alone and support the diagnosis of epididymitis in a patient with 
other suggestive clinical signs. However, the presence of microscopic 
pyuria alone does not rule out other conditions. 

Colour Doppler ultrasonography (US) may show absence of blood 
flow or reduced flow to the testis in torsion of the testis while showing 
normal or increased flow in patients with torsion of the appendix 
testis or epididymitis. This investigation may not, however, be easily 
available in Africa, and the need to explore should be based on clinical 
findings rather than any investigation. In centres where it is available, 
colour Doppler US is used to rule out torsion of the testis in cases 
where this is not likely. Colour Doppler US may confirm the diagnosis 
of varicocoele.3 Doppler is operator-dependent, however, and needs a 
well-trained operator to diagnose these patients. 

Radioisotope scan may show blood flow to the testis in epididymitis 
or torsion of a testicular appendage, and absent or reduced blood flow 
in torsion of the epididymis. This scan, however, is not 100% sensitive 
or specific, and may lead to delay in exploration of the scrotum. Its 
absence in most parts of Africa makes it unavailable to most clinicians. 
Where available, it may be used in patients who present late or have 
symptoms that do not suggest torsion of the epididymis.

Ultrasonography may help confirm the diagnosis of a hernia, 
hydrocoele, varicocoele, or testicular tumour. 

Management
The aim of management is to save all viable testes in cases due to 
torsion while minimising unnecessary explorations. It is important to 
explore the scrotum early in those patients in whom the diagnosis of 
torsion is likely or cannot be ruled out clinically. As much as possible, 
exploration should be done within 6 hours of the onset of symptoms. An 
attempt may be made to detort the testis, which causes immediate relief 
if successful. The testis may then be fixed later. In neonates, however, 
presentation is almost always late, and an elective exploration may be 
planned to remove the nonviable testis and to fix the viable testis. 

Epididymitis, Henoch-Schönlein purpura, and idiopathic scrotal 
oedema are managed conservatively. Bed rest and scrotal elevation 
allow the inflammation to subside. Analgesics may be necessary for 
pain, and antibiotics for infection. US and micturating cystourethrogram 
(MCUG) are necessary to rule out any urinary anomaly in prepubertal 
children with epididymitis.

Hernias and hydroceles are treated surgically electively unless a hernia 
cannot be reduced or there is a high likelihood of gangrenous viscera.

Testicular tumours are excised through an inguinal approach. Where 
frozen section is available, this may help to confirm the diagnosis 
before excision. 

In children with varicocoeles, Palomo’s operation of high ligation 
of testicular vessels could be performed either open or laparoscopically.

Torsion of a testicular appendage, if confirmed preoperatively, may 
be treated conservatively. However, it is difficult to diagnose torsion of 
appendix testis, and hence this should be treated by early exploration 
of scrotum. Scrotal exploration should also be performed if the child 
has severe pain.

If in doubt about the diagnosis, urgent scrotal exploration and 
bilateral fixation of the testes should be the treatment of choice.
Technique of Surgery for Torsion of Epididymis
1. A midline scrotal incision or two longitudinal incisions in 
each hemiscrotum are made. The involved testis is brought out 
and inspected. Any twist is reduced and the testis is observed for 
improvement in colour. While waiting for colour change, the other 
testis could be fixed. 
2. If the colour does not improve, if the blood from the testis on 
incising the tunica albuginea remains black, and if the onset of 
symptoms is more than 24 hours, the testis may be excised. Otherwise, 
it is fixed. 
3. The tunica vaginalis is incised and the testis sutured to the 
scrotal wall by using 3-point fixation with nonabsorbable stitches. 
Alternatively, the edges of the opening in the tunica vaginalis could 
be sutured to the tunica albuginea to expose a wide surface of the 
albuginea directly to the subcutaneous tissue of the scrotum, thus 
allowing fixation to a wider area. 
Management of Neonatal Torsions
Most neonatal torsions are present when the child is born and are 
antenatal events. They are usually unilateral and hence are traditionally 
treated by a wait-and-watch approach if there is no sign of acute onset 
of torsion. 

Recently, however, multiple reports of bilateral neonatal torsions 
have been noted. In 33% of the cases, the torsion can be metachronous. 
If diagnosis is delayed, the salvage rate is very low. Hence, urgent 
exploration and fixation of the testis should be the treatment of choice 
in neonatal torsions.8

Postoperative Complications
Infection, abscess formation, reactive hydrocoele, haematoma, infarc-
tion, and atrophy of the testis are possible complications. These resolve 
with rest and relevant antibiotics. An infarcted testis may have to be 
excised later. 

Prognosis
The ability to salvage the testis following torsion of the epididymis 
depends on the time interval between the onset of symptoms and explo-
ration of the scrotum. Exploration done within 6 hours of the onset 
gives the best results. A few testes may still be viable after 12 hours; 
however, beyond 24 hours the probability of having viable testes drops 
to almost nil. It is important, therefore, that exploration be done as soon 
as possible. 

In Africa, this is a particular problem due to the time it takes for 
a patient to see a relevant specialist who could explore the scrotum. 
Distance from hospitals, cultural practices, delay in referrals, and 
economic considerations contribute to this late presentation and thus 
reduce the number of viable testes obtained. More often than not, 
exploration is done to remove the infarcted testis and fix the normal one. 

Prevention 
Prevention of the loss of viable testes depends on early diagnosis and 
exploration of the scrotum. Acute scrotum is a surgical emergency and 
everything must be done to make it possible for patients to reach rel-
evant experts in time. Education of the general public is therefore very 
important to make them recognise the possible dangers of presenting 
to the hospital late with an acute scrotum. The media, various politi-
cal leaders, religious groups, and nongovernmental organisations may 
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play key roles in increasing awareness of this condition. Inclusion of 
this topic in school health education programs may also help increase 
awareness of this condition. 

Lack of enough medical personnel as well as financial and other 
resources make this difficult in the African setting. Training of medical 
officers and other primary health care providers to recognise the 
condition and refer as quickly as possible to a surgeon who could 
manage the condition is important. 

The provision of an efficient emergency ambulance service may 
make it possible for patients to reach a relevant specialist on time. In 
the absence of an ambulance service, it may be necessary to transport 
patients in any available vehicle to the nearest surgeon. All surgeons 
should be trained to recognise and fix the testis, because enough 
subspecialists may not be available close enough to all patients. 

Evidence-Based Research
Table 101.2 presents a large retrospective study that reviewed clinical 
diagnosis of acute scrotum.

Table 101.2: Evidence-based research.

Title The diagnosis and treatment of acute scrotum in children 
and adolescents

Authors Knight PJ, Vassy LE

Institution Departments of Surgery of St. Francis Regional Medical 
Centre, Wesley Medical Centre, and St. Joseph Medical 
Centre, Wichita, Kansas, USA; Children’s Hospital and 
Mount Carmel Hospital, Columbus, Ohio, USA

Reference Ann Surg 1984; 200:664 

Problem The difficulty in the diagnosis of acute scrotum.

Intervention The use of specific symptoms, physical signs, and 
investigations to guide decision making.

Comparison/
control 
(quality of 
evidence)

The clinical signs suggesting a particular diagnosis were 
compared with the findings at surgery and on follow-up.

Outcome/ 
effect

Patients with a previous history of recurrent scrotal pain ben-
efited from scrotal exploration, even when physical findings 
were normal, because most were due to recurrent torsion.

Patients with at least three suggestive symptoms and 
signs of epididymitis almost always had epididymitis.

Watchful observation in doubtful cases was not beneficial 
when the diagnosis was unclear.

Investigation was not usually helpful when the diagnosis 
of torsion of the testis could not be ruled out.

Historical 
significance/ 
comments

This study showed that, with careful history and 
examination, it is possible to make a reasonable diagnosis 
of epididymitis in some children with acute scrotum. It also 
showed that exploration of testes in those with recurrent 
pain could help salvage a number of testes before they 
become irreversibly torsed. No investigation is foolproof, 
although it may be helpful when clinical signs point 
to epididymitis. It may however delay the appropriate 
treatment of a torsed testis. In Africa, where this may be 
difficult to obtain, the use of clinical signs to rule out cases 
of epididymitis where possible and the early exploration of 
doubtful cases are more appropriate.

1. There is no pathognomonic sign that helps in making a definite 
diagnosis of acute scrotum.

2. In a number of patients, the history and physical findings 
together may make it possible to make a definite diagnosis of 
either torsion of the testis (sudden onset of pain, transverse 
lie of the testis, etc.), torsion of the appendix testis (palpable 

blue tender nodule at superior end of testis), or epididymitis 
(frequency of micturition, fever, urethral discharge, etc.). These 
may be treated accordingly.

3. In most patients, no definite diagnosis can be made based on 
history and physical examination, and early exploration without 
further investigation is the diagnostic and usually therapeutic 
procedure of choice. 
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Introduction
A variety of benign and malignant tumours can arise in the kidney in 
children. With minor variations, the spectrum of tumours has world-
wide distribution. Wilms’ tumour (WT; also known as nephroblastoma) 
is the most common kidney tumour in childhood, and may represent 
the most common abdominal tumour presenting in infants and children 
in sub-Saharan Africa. In the past decade, considerable advances have 
been made in the management and elucidation of the molecular biology 
of Wilms’ tumour. Multidisciplinary collaboration has led to the forma-
tion of cooperative study groups in Europe and North America, and has 
resulted in standardisation of treatment and a remarkable improvement 
in the outcome of this tumour.1,2 The treatment of children with WT is 
considered the paradigm for management of most childhood tumours.

In Africa as well as some other developing countries, WT remains 
a challenge to the oncologist, with a significantly poorer outcome of 
treatment than in developed countries.3–5 

This chapter highlights the demographics, aetiology, and pathology 
of this typical kidney tumour, followed by a presentation of the diagnosis, 
treatment, outcome, and challenges in Africa. A brief overview of other 
tumours of the kidney is also highlighted.

Demographics
The overall incidence of Wilms’ tumour is 7.6 cases per million chil-
dren younger than 15 years of age, or 1 case per 10,000 infants. In 
Africa, it accounts for about 4–26% of all malignant solid tumours in 
childhood.6,7 The hospital-based reports suggest that 4 to 10 new cases 
of Wilms’ tumour are seen every year in most tertiary referral cen-
tres.5,7–9 The incidence in Africa is probably underestimated, however, 
because some of the affected children are not brought to the attention 
of trained medical practitioners.3 

There is no gender predilection; the peak age at presentation is 
2–5 years.3,5 Other malignant renal tumours (e.g., rhabdoid tumour of 
the kidney; clear cell carcinoma; renal cell carcinoma) occur in older 
children.

Aetiology/Pathology
In about 10% of the cases, WT is associated with congenital syndromes, 
for example: 
• isolated hemihypertrophy; 

• Beckwith-Wiedemann syndrome (visceromegaly, hypoglycaemia, 
macroglossia, midline defects); 

• WAGR (an acronym for WT, Aniridia, Genito-urinary malforma-
tions, mental Retardation); and 

• Denys-Drash syndrome (protein-losing nephropathy, disorders of 
sexual development, WT).
These associations have led to the discovery of genetic mutations 

in WT. In WAGR patients, a deletion has been found on band p13 of 
chromosome 11, and it has been hypothesised that a Wilms’ tumour 
suppressor gene, WT1, is located there. In Beckwith-Wiedemann 

patients, another deletion has been found on band p15 of chromosome 
11, which has been designated as the WT2 gene. To date, there is no 
evidence that WT1 and WT2 are correlated with the prognosis, and 
research is ongoing in this field. Loss of heterozygosity of chromosome 
16q has been observed in 15–20% of patients with WT and found to be 
associated with a 3.3 times higher relapse risk and a 12 times higher 
risk of death.10 

The presence of embryonal nephrogenic rests (NR) increases the risk 
of developing WT. NR can be solitary or multiple (nephroblastomatosis). 
NR may regress, remain dormant, or become hyperplastic and progress 
to WT.

WT consists of three types of tissue: embryonal blastema, epithelial 
tissue, and mesenchymal tissue. Glassberg gives a thorough review on 
developmental aspects in relation to renal oncogenesis.11

According to the SIOP (Société Internationale d’Oncologie Pédiatrique) 
classification,12 there are three risk categories for kidney tumours. 
1. Low-risk tumours are mesoblastic nephroma and nephroblastoma 
that has become completely necrotic after chemotherapy (see the later 
section “When to Operate: NWTSG versus SIOP”). 
2. Intermediate-risk tumours are triphasic nephroblastoma, including 
those with focal anaplasia. 
3. High-risk tumours are nephroblastoma with blastemal predominance 
or with diffuse anaplasia and other tumours such as clear cell sarcoma 
and rhabdoid tumour of the kidney. 

Staging of WT in the SIOP and National Wilms’ Tumour Study 
Group (NWTSG) protocol is established after surgery. SIOP staging 
is as follows: 

Stage I: tumours with an intact capsule that have been 
removed completely.

Stage II: tumours with penetration of the capsule that have 
been removed completely without lymph node 
metastases. 

Stage III: tumours with microscopic residue, either because 
of rupture (before or during operation), intravas-
cular extension, ingrowth into other organs that 
cannot be excised, or lymph node metastases. 

Stage IV: tumours with distant metastases, most common in 
the lungs but also in the liver or brain. 

Stage V: bilateral tumours, each of which should also be 
staged according to local characteristics.

The histological classification as well as clinico-pathological 
staging is correlated to the outcome. Hadley emphasized the relevance 
of this risk assessment in the Third World.4 In the Western world, the 
prognosis for stage I and II with low- or intermediate-risk histology is 
excellent, with 95% survival.
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Clinical Presentation
The main presentation is painless abdominal mass in an otherwise healthy 
child. The mass in the sub-Saharan African setting is in most cases of a 
considerable size (Figure 102.1). Other, less common presentations include 
weight loss, fever, haematuria, or hypertension. The presence of weight 
loss is common among African patients compared to caucasian children 
and may indicate an advanced stage of the disease at presentation.3,5 

A significant number of children in Africa have delayed presentation. 
The average duration of symptoms before attendance to a mainstream 
hospital is reported to be 4.7 months.3 This delay in presentation is 
related mainly to lack of knowledge or familiarity of the condition 
and resource deficiency. Some children may be taken initially by 
their parents to a herbalist and present to hospital only when there 
is no improvement with herbal treatment (Figure 102.2). The late 
presentation may thus be responsible for the unique distribution of the 
stages of the disease in Africa (Table 102.1).3,7–9

Evaluation
Definition of the abdominal mass, status of the contralateral kidney, and 
involvement of surrounding or distant structures can be achieved with 
ultrasonography (US), intravenous urography (IVU), chest radiograph, 
computed tomography (CT), and magnetic resonance imaging (MRI). 
CT and MRI exceptionally characterise the tumour and the extent of 
spread, especially with respect to patients with intracaval involvement 
(Figure 102.3), and bilateral Wilms’ tumour. Unfortunately, CT and 
MRI are not readily available in many centres in Africa. Surgeons 
working in those centres need a high index of suspicion and appre-
ciation of the diagnostic findings on the readily available US, chest 
radiograph, and IVU. It is important to determine function on the 
contralateral kidney and to exclude other retroperitoneal tumours, and 
in the African setting this can be reasonably achieved by using IVU. A 
chest radiograph is required to exclude pulmonary metastasis.

Stage of 
disease at 
operation 

Average percentage

Stage I: 6.9

Stage II: 25.2

Stage III: 42.4

Stage IV: 22.9

Stage V: 2.6

Table 102.1: Average distribution in Africa of the stages of Wilms’ tumour at 
operation. 

Figure 102.1: A 4-year-old girl presenting with a 6-month history of abdominal 
mass. At operation, a 6.5-kg left Wilms’ tumour was excised.

Figure 102.2: A 3-year-old boy with left Wilms’ tumour. He presented with a 
7-month history. The scarification was inflicted during herbal treatment.

Figure 102.3: Autopsy specimen demonstrating extension of tumour along the 
right renal vein and into the inferior vena cava.

If any diagnostic uncertainty exists, needle biopsy (Trucut®) will 
help to confirm tissue diagnosis. This is particularly relevant in the 
evaluation of retroperitoneal masses to distinguish WT from Burkitt 
lymphoma.13 

Treatment
Definitive treatment of Wilms’ tumour involves surgery, chemotherapy, 
and radiotherapy. The treatment modalities used can be modified by 
stage of the disease, age of the patient, size of the tumour, and the 
clinical state of the patient. Prior to the commencement of therapy, it 
is imperative to correct anaemia and malnutrition, which are relatively 
common in the African setting.
Role of Surgery
Despite the advances in chemotherapy, surgery is still critical in the 
therapy of Wilms’ tumour. Complete resection of the tumour and accu-
rate staging of the disease, both of which are crucial in effecting cure, 
can be achieved only through surgery. Optimal outcome with surgery 
will require a generous transperitoneal incision, thorough exploration 
of the abdomen, biopsy of the lymph nodes in the renal hilum and 
along the vena cava or aorta, and nephroureterctomy. Migration of the 
tumour along the renal vein and into the vena cava requires proximal 
and distal venous control to permit temporary occlusion sufficient to 
allow removal of the intravascular tumour. Postoperative complications 
may include intestinal obstruction, haemorrhage, wound infection, and 
vascular injury.
Role of Chemotherapy
Based on a series of studies by NWTSG in North America and SIOP 
in Europe, standard chemotherapy regimens have been established. 
Effective agents currently in use include actinomycin-D, vincris-
tine, cyclophosphamide, doxorubicin, iphosphamide, and etoposide. 
Unfortunately, these drugs are not readily available in some centres in 
Africa. Additionally, in a number of centres where the drugs are avail-
able, some patients may not be able to afford them.3,5 These factors are 
considered responsible for poor compliance with therapy.

In clinical evaluation of affected children, it may be necessary 
to exclude associated syndromes such as aniridia, hypospadias, 
macroglossia, intersex, and the recently described sex-linked Simpson-
Golabi-Behmel syndrome (macroglossia, coarse facial features, 
viceromegaly, diaphragmatic and heart defects, and polydactyly).
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Chemotherapy can be administered preoperatively in all patients 
(SIOP) or in selected patients with solitary kidney, bilateral tumours, 
intravascular tumour extension, inoperable tumours, or tumour in a 
horseshoe kidney (NWTSG). Pretreatment biopsy may be necessary in 
these cases. Agents used include vincristine and actinomycin-D given 
weekly over a 4-week period.14

Adjuvant chemotherapy is advocated by all the protocols. Here 
the agents used and the duration of therapy depend on the stage of the 
disease and the histology of the tumour. Advanced stages and cases with 
unfavourable histology require more intense therapy (Table 102.2).
Role of Radiotherapy
Preoperative radiotherapy may be used to achieve the same effects as 
preoperative chemotherapy: minimise intraoperative tumour rupture; 
shrink huge tumours to respectable size; and preserve maximum renal 
parenchyma in bilateral, solitary, or horseshoe kidneys.

Postoperative radiotherapy has been shown to significantly reduce 
local recurrence in stages III and IV disease. Radiotherapy facilities 
and trained personnel are not available, however, in many centres in 
Africa. Some of the patients requiring this modality of treatment are 
therefore referred to centres where they are available. Because some 
of these centres are hundreds of miles away from the referral hospitals, 

Stage of disease at 
operation 

Optimal treatment

Stage I: Vincistine, actinomycin-D

Stage II: Vincristine, actinomycin-D

Stage III: Vincristine, actinomycin-D, doxorubicin, x-ray therapy 
(XRT)

Stage IV: Vincristine, actinomycin-D, doxorubicin, 
cyclophosphamide, XRT

Table 102.2: Postoperative treatment commonly used for various stages of 
Wilms’ tumour.

compliance may be difficult to achieve.
When to Operate: NWTSG versus SIOP
Whereas SIOP promotes the use of preoperative chemotherapy or 
radiotherapy for all cases of Wilms’ tumour, NWTSG advocates pre-
operative therapy for only a select category of patients. Issues such 
as lack of staging information, modification of tumour histology, 
and potential for inappropriate use of chemotherapy in nonmalignant 
disease have been raised against the routine preoperative treatment.15 
A critical appraisal9,16 of the clinical state of cases in Africa suggests 
that this SIOP protocol may indeed be suited for the African setting. 
Some centres have reported better outcome with SIOP protocol when 
compared with immediate nephrectomy.8,9,16 Israels and Molyneaux 
have published several papers on this subject based on Malawi data.17

Prognosis and Outcome
In the West, the prognosis depends on the stage and histology (see the 
section “Aetiology/Pathology” for risk classification), but in Africa 
additional factors are equally important: nutritional and general condi-
tion of the child, comorbidity, availability of chemotherapy and radio-
therapy, and compliance with completion of postoperative treatment. 
Some paediatric surgeons therefore advocate keeping these children in 
hospital from the start of preoperative chemotherapy until they have 
finished the postoperative courses.

Challenges in Africa
The results of treatment of WT in most centres in Africa are poor, 
with an overall survival of less than 50%. Although a few centres have 
reported overall survival approaching 70%, numerous challenges con-
front the management of this tumour in Africa. Prominent among these 
is late presentation, inadequate facilities and trained personnel, and 

poor compliance to therapy. Lack of multidisciplinary collaboration, 
inadequate drug supply, and comorbidity (human immunodeficiency 
virus/ acquired immune deficiency syndrome (HIV/AIDS), tuberculo-
sis (TB)) may also play an important role.4 

Prevention
There is no primary prevention for WT, but early detection is an 
important tool to improve outcome. Routine screening of patients with 
relevant syndromes (such as Beckwith-Wiedemann or WAGR) and 
immediate investigation of patients with abdominal masses have to be 
advocated by surgeons to paediatricians, general practitioners, under-
five clinics staff, and other health care workers.

Ethical Issues
The balance between cost and benefit in WT in Africa is delicate. 
Expensive diagnostic procedures and drugs, sophisticated surgery, and 
extended postoperative treatment will place a heavy burden on the 
resources of the family and the country. However, in view of the good 
prognosis in children with stage I or II WT and favourable histology, 
an active surgical approach is commended. More debatable are patients 
with advanced disease, relapses, or with severe comorbidity (TB, HIV) 
because these patients will not only need more treatment but also have 
less of a chance of survival.

Other Kidney Tumours
With the exception of Burkitt lymphoma, the other tumours found 
in the kidney are extremely rare in Africa. They include mesoblastic 
nephroma, cystic nephroma, clear cell sarcoma, malignant rhabdoid 
tumour, renal cell carcinoma, and renal teratoma. These can be distin-
guished by histology of biopsy specimen. Sometimes differentiating 
between WT and retroperitoneal Burkitt may be challenging, especially 
in parts of Africa where Burkitt is endemic.13 Definitive treatment is 
in accordance with the histology of the tumour. Burkitt lymphoma can 
be managed exclusively with chemotherapy with good outcome. The 
outcome of treatment for the other tumours is variable. For mesoblastic 
and cystic nephroma, the prognosis is quite good if completely excised. 
In contrast, the outlook for clear cell sarcoma and rhabdoid tumours is 
rather dismal; even with multimodal treatment.18 

Evidence-Based Research
Table 102.3 presents the results of the 9th SIOP Wilms’ tumour trial 
and study on the optimal duration of preoperative chemotherapy in 
Wilms’ tumour.

Title Optimal duration of pre-operative therapy in unilateral 
and nonmetastatic Wilms’ tumour in children older than 
6 months: Results of the Ninth International Society of 
Pediatric Oncology Wilms’ tumour trial and study

Authors Tournade MF, Com-Nougue C, de Kraker J, et al

Institution SIOP

Reference J Clin Oncol 2001; 19:488–500

Problem Optimal duration of preoperative chemotherapy in WT.

Intervention 4 weeks vincistine and actinomycin-D.

Comparison/
control 
(quality of 
evidence)

8 weeks vincistine and actinomycin-D.

Outcome/
effect

No difference in event-free or overall survival.

Historical 
significance/ 
comments

Demonstrates that in Western settings, 4 weeks of 
chemotherapy is sufficient. Longer treatment may be 
associated with more complications.

Table 102.3: Evidence-based research.
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1. Cytological or histological (needle biopsy) diagnosis of 
abdominal tumours in Africa may be an imperative addition to 
ultrasonography.

2. Preoperative chemotherapy will enable reduction of the bulk of 
most Wilms’ tumours (WT), thereby reducing the risk of surgical 
complications, in particular tumour rupture.

3. The optimal duration of preoperative chemotherapy in Africa 
has yet to be established.
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Introduction
The term teratoma, derived from the Greek teraton meaning “a mon-
ster”, was coined by Virchow in 1869 for a tumour originating in the 
sacrococcygeal region. Teratomas are composed of multiple tissues 
foreign to the organ or site in which they arise. Although teratomas are 
sometimes defined as having the three embryonic layers (endoderm, 
mesoderm, and ectoderm), recent classifications also include mono-
dermal types. 

The term germ cell tumour (GCT) is also frequently used to 
describe these tumours, although this term encomprises a larger 
group including the mature and the immature teratomas, germinomas, 
embryonal carcinomas, yolk sac tumours, and choriocarcinomas. The 
germ cell tumours may arise in the gonads or in extragonadal sites, 
including the brain, face, neck, mediastinum, retroperitoneum, and 
sacrococcygeal region. 

Aetiology
Three theories are postulated for the aetiology of teratomas. The first 
theory supports the origin from the totipotent primordial germ cells. 
These cells develop among the endodermal cells of the yolk sac near 
the origin of the allantois and migrate to the gonadal ridges during 
weeks 4 and 5 of gestation. Some cells may miss their target destination 
and give rise to a teratoma anywhere from the brain to the coccygeal 
area, usually in the midline. The second theory has teratomas arising 
from remnants of the primitive node. During week 3 of gestational 
development, midline cells at the caudal end of the embryo divide rap-
idly, giving rise to all three germ layers of the embryo. By the end of 
week 3, the primitive streak shortens and disappears. This theory would 
explain the more common occurrence of teratomas in the sacrococcy-
geal region. The third theory has teratomas as an incomplete twinning.

Classification
Teratomas are anatomically classified as gonadal (testis or ovary) or 
extragonadal (brain, face, neck, mediastinum, retroperitoneum, and 
sacrococcygeal region). Histologically, teratomas are classified as 
mature or immature on the basis of the presence of the immature neu-
roectodermal elements within the tumour. Mature teratomas comprise 
only mature elements, such as the skin, hair, fat tissue, cartilage, bone, 
and glands. Immature teratomas contain immature elements, such as 
neuroepithelial tissue and immature mesenchyme. The presence of 
microscopic foci of the yolk sac tumour, rather than the histological 
grade of immaturity, is a valid predictor of recurrence. The grading of 
immature teratomas is unnecessary in children because the manage-
ment is not altered by the grade.

Teratomas may also contain or develop foci of malignancy; and a 
malignant germ cell tumour may be found in sites typical for teratomas, 
such as the mediastinum or sacrococcygeal area. Whether the lesion was 
malignant from the onset or the malignant cells destroyed and replaced 
the benign teratoma component is often difficult to differentiate. The 
most common malignant component within a teratoma is a yolk sac 
tumour. Malignancy at birth is uncommon, but increases with age and 

with incomplete resection. An apparently mature teratoma may recur 
several months or years after resection as a malignant yolk sac tumour, 
illustrating the difficulties in histologic sampling of large tumours and 
the need for close follow-up.

Tumour Markers 
Alpha-fetoprotein (AFP) is a tumour marker secreted by most yolk 
sac tumours and some embryonal carcinomas. It can be measured in 
the serum and noted in cells by immunohistochemistry. This marker is 
particularly useful for assessing the presence of residual or recurrent 
disease. AFP levels are normally very high in neonates and decrease 
with time. The postoperative half-life is about 6 days. Persistently high 
levels may be an indication of the need for further surgical procedures 
or chemotherapy. Other markers that may be elevated are b-human 
chorionic gonadotropin (b-hCG), produced by choriocarcinomas, and, 
rarely, carcinoembryonic antigen. The lactate dehydrogenase (LDH) 
isomer of LDH-1 is present in many tumours with the histologic fea-
tures of an endodermal sinus tumour, yolk sac tumour, dysgerminoma, 
and choriocarcinoma.

Genetics
The genetic basis for teratomas is not well understood, and the clinical 
usefulness of chromosome mapping for teratomas is unclear. Deletions 
on chromosomes 1 and 6 were reported in children but noted on chro-
mosome 12 in adults. N-myc gene expression was noted in immature 
teratomas, but not in the mature group.

Associated Anomalies
Teratomas are mainly isolated lesions but may form part of the 
Currarino triad (anorectal malformation, sacral anomaly, and a presa-
cral mass) as the presacral mass. Other associated anomalies reported 
are urogenital (hypospadias, vesicoureteral reflux, and vaginal or 
uterine duplications); congenital dislocation of the hip; central nervous 
system lesions (anencephaly, trigonocephaly, Dandy-Walker malfor-
mations, spina bifida, and myelomeningocele); Klinefelter syndrome 
(strongly associated with mediastinal teratoma); and the very rare 
associations with trisomy 13, trisomy 21, Morgagni hernia, congenital 
heart defects, Beckwith-Wiedemann syndrome, pterygium, cleft lip 
and palate; as well as such rare syndromes as the Proteus and Schinzel-
Giedion syndromes.

Tumour Sites
Testicular Teratoma
Teratomas of the testes are the most common type of benign neoplasms, 
usually occurring in boys under 3 years of age. These tumours can be 
managed successfully with radical orchiectomy and do not require any 
adjunctive treatment. Small encapsulated cystic teratomas may also be 
enucleated much like their ovarian counterpart (see the next subsec-
tion); the cord should be occluded atraumatically until a frozen section 
confirms the benign nature of the lesion. However, for the purpose of 
treatment, all testicular tumours should be assumed malignant unless 
proven otherwise on histopathology. 



602 Teratomas

The operation is performed through a groin incision. 
1. The external inguinal ring is identified and the inguinal canal incised 
to identify the internal ring. 
2. The cremasteric bundle is opened, the spermatic cord is carefully 
mobilised at the internal inguinal ring, and it is controlled by an 
occlusive vascular clamp. This prevents lymphatic and haematogenous 
spread of the tumour during manipulation. 
3. The testis is delivered into the wound, and if the mass is solid, a 
radical orchiectomy is completed with ligation of the spermatic cord at 
the level of the internal ring. 
4. If the malignant tumour was biopsied through the scrotum before 
referral, a hemiscrotectomy is generally performed, although recent 
evidence suggests that chemotherapy could adequately treat tumour 
seeding.
Ovarian Teratoma
Mature teratoma, a benign neoplasm, is the single most com mon ovar-
ian tumour, representing approximately 40% of all ovarian tumours. It 
may be cystic, solid, or mixed with calcification (noted in 50% of cases 
on plain abdominal radiograph).Ten percent are bilateral. 

Abdominal pain, the presence of a mass, and occa sionally an acute 
abdomen as a result of torsion or rupture of the tumour are known 
clinical presentations. Some are discovered incidentally with imaging. 
Tumours that are predominantly cystic (dermoid cysts) may be safely 
excised, preserving a rim of normal ovarian tissue. Controversy exists 
about the safety of laparoscopic excision because rupture of the cyst 
often occurs, leading to potential peritoneal implantation of cells. 
Solid teratomas are more often immature, and the treatment of choice 
is salpingo-oophorectomy. Chemotherapy is reserved for tumours 
with a higher grade of immaturity. Serum AFP levels may be elevated 
preoperatively and should be monitored after operation. In such cases, 
careful sectioning of the specimen may reveal microscopic foci of a 
yolk sac tumour; this does not alter management as long as AFP levels 
return to normal.
Sacrococcygeal Teratoma
Sacrococcygeal teratoma is the most common congenital tumour, 
accounting for 35–60% of all teratomas. The estimated incidence is 
1 per 35,000 to 40,000 live births, with a female-to-male ratio of 4:1. 
Altman et al. have classified these tumours into four types: 
• Type I tumours are predominantly external with a minimal presacral 
component—this is the most common type.

• Type II tumours are external but have a significant intrapelvic com-
ponent.

• Type III tumours are external but pelvic and extend significantly into 
the abdomen.

• Type IV tumours are entirely presacral. 
Recently, an increasing number of sacrococcygeal teratomas have 

been detected by antenatal ultrasonography (US) examination of 
the fetus. Prenatal US is useful in making a differential diagnosis 
between sacrococcygeal teratoma, myelomeningocele, and other 
tumours. Antenatal US helps to establish tumour extension into 
the pelvis and the presence or absence of polyhydramnios, foetal 
hydrops, and intratumoural haemorrhage. Massive haemorrhage into 
the tumour may occur spontaneously in utero, resulting in anaemia and 
hypoproteinaemia followed by foetal hydrops. 

In countries where prenatal US is not readily available, a 
sacrococcygeal teratoma is seen as a visible mass at birth, making 
the diagnosis obvious (Figure 103.1). Although many neonates with 
sacrococcygeal teratomas do not have symptoms, some require intensive 
care because of prematurity, high-output cardiac failure, disseminated 
intravascular coagulation, and tumour rupture or bleeding within the 

tumour. Lesions with a large intrapelvic component may cause urinary 
obstruction. Besides looking for signs of a myelomeningocele, the 
physical examination should always include a rectal examination to 
evaluate any intrapelvic component. The most useful imaging is a US 
scan looking for intrapelvic extension and meningomyelocoele. The 
diagnosis of purely intrapelvic teratomas is often delayed. Children 
have constipation, urinary retention, an abdominal mass, or symptoms 
of malignancy such as failure to thrive.

Age is a predictor of malignancy in sacrococcygeal teratomas. 
The risk of malignancy is <10% at birth but >75% after the age of 1 
year for sacrococcygeal tumours (Figure 103.2), with the exception of 
familial presacral teratomas. The risk of malignancy also is high for 
incompletely excised lesions. Complete excision of the tumour with the 
coccyx should be carried out as soon as the neonate is stable enough 
to undergo the procedure. An abdominoperineal approach may be 
necessary for tumours with pelvic extension. Serum markers (AFP and 
β-hCG) should be determined before the operation for later comparison.

Figure 103.1: Giant ruptured sacrococcygeal teratoma.

Figure 103.2: Malignant sacrococcygeal teratoma presenting at 3 
months of age.
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Postoperatively, it is important to monitor all patients with physical 
examination, including rectal examination and serum markers, every 2 
or 3 months for at least 3 years, because most recurrences occur within 
3 years of operation.

In older patients, treatment of malignant tumours involves excision, 
chemotherapy, and monitoring with imaging studies and serum 
markers. For unresectable tumours, biopsy and chemotherapy are 
followed by excision of the primary tumour after adequate reduction 
has been obtained. Radiation therapy is usually reserved for local 
recurrence of malignant tumours. Patients with malignant tumours 
should be enrolled in a paediatric cooperative study or treated 
according to their guidelines.

Poor prognosis is noted in prenatal hydrops, dystocia, tumour 
rupture, prematurity, highly vascular lesions, and lesions >10 cm. In 
the absence of severe prematurity and intrapartum complications, the 
prognosis is dependent on the presence of malignancy and is therefore 
related to age at operation, completeness of resection, tumour type, and 
tumour stage.

Functional results in survivors are excellent in most patients, with 
the exception of reports of faecal and urinary continence problems as 
well as lower limb weakness in some series.
Mediastinal Teratoma
The mediastinum is the second most frequent site of extragonadal tera-
tomas. Mediastinal teratomas occur in newborns to adolescents, and 
arise predominantly in the anterior mediastinum, occasionally in the 
posterior mediastinum, and rarely in the pericardial and intracardiac 
region. Mediastinal teratomas typically manifest on computed tomog-
raphy (CT) scans as a heterogeneous mass containing soft tissue, fluid, 
fat, or calcification. Some patients are asymptomatic, and diagnosis 
is made incidentally on chest x-ray. However, affected children usu-
ally manifest symptoms such as dyspnea, cough, or chest pain. When 
the tumour causes severe respiratory distress in neonates, mimicking 
congenital diaphragmatic hernia, emergency surgery to relieve lung 
compression and postoperative care supporting respiration are required. 
Surgical approaches to mediastinal teratomas are either lateral thoracot-
omy or median sternotomy; the latter is necessary in some patients with 
large, bilaterally invasive lesions. Small lesions have been resected by 
using video-assisted thoracic surgery (VATS). Large lesions may cause 
airway compromise and require intubation and care in the intensive 
care unit. Many of these large tumours are best managed with initial 
biopsy, neoadjuvant chemotherapy, and delayed complete resection.

Other sites for thoracic teratomas are intrapericardial, cardiac, and 
pulmonary.
Gastric Teratomas
Gastric teratomas (Figure 103.3) are rare tumours, accounting for less 
than 2% of abdominal teratomas and 1% of all teratomas. They occur 
mainly in neonatal boys and are almost always benign in nature with 
an excellent prognosis. The tumour is predominantly exogastric (67%). 
The endogastric type (33%) grows into the lumen of the stomach 
and erodes mucosa, causing gastric outlet obstruction, haematemesis, 
and melaena. The exogastric type is an exophytic mass in the lesser 
curvature or posterior wall of the stomach; the entire stomach may be 
involved. The exogastric variant may present with respiratory distress 
and abdominal distention. Diagnostic modalities include plain radio-
graph, US, CT scan, and serum markers. Plain radiograph may show 
a soft tissue mass with calcification in the upper abdomen. Surgical 
excision is curative. Recurrence and malignancy are rare, despite local 
infiltration or nodal metastasis. Periodic follow-up, including AFP 
measurements, is important.

Other rare sites of abdominal teratomas include liver, gallbladder, 
pancreas, kidney, intestine, bladder, prostate, uterus, mesentery, 
omentum, abdominal wall, and diaphragm. 

Retroperitoneal Teratomas
Retroperitoneal teratomas represent 5% of all childhood teratomas and 
occur outside the pelvis in the suprarenal location.The tumour presents 
as an abdominal mass with symptoms of vomiting and constipation. 
Diagnosis is made by imaging with calcification on plain radiograph, 
US, CT scan, and serum markers. Surgical excision is often easily per-
formed, and malignancy is uncommon. The retroperitoneum site is the 
most common for the foetus in foetu malformations.
Intracranial Teratomas
Intracranial teratomas generally present with symptoms of space-occu-
pying lesions. These lesions account for only 2–4% of all teratomas, 
but they represent nearly 50% of brain tumours in the first 2 months 
of life. Most are benign in neonates but malignant in older children and 
young adults. These teratomas can appear in utero and cause massive 
hydrocephalus. The pineal gland is the most common site of origin, but 
intracranial teratomas may be seen in different areas, such as the hypo-
thalamus, ventricles, cavernous sinus, cerebellum, and suprasellar region.
Cervical Teratomas
Cervical teratomas represent up to 8% of all teratomas. Large tumours 
can be seen in utero with US. These tumours are initially seen as a part-
ly or completely cystic neck mass, which may compromise the airway 
and require immediate intubation or tracheostomy. Extension of the 
tumour to the mediastinum or displacement of the trachea may cause 
pulmonary hypoplasia and increase respiratory morbidity and mortal-
ity. The tumour is usually well defined and may contain calcifications. 
The differential diagnosis includes cystic hygroma, congenital goiter, 
foregut duplication cyst, and branchial cleft cyst. Investigation should 
include plain radiographs, US, and measurement of AFP and b-hCG, as 
well as urinary catecholamine metabolites. CT and magnetic resonance 
imaging (MRI) may be useful to establish the diagnosis and to define 
the anatomic relations.
Craniofacial Teratomas
Craniofacial teratomas include a spectrum of lesions that may be life 
threatening. The spectrum includes epignathus (teratoma from palate), 
orbital, pharyngeal, oropharyngeal, and middle ear teratomas. 
Miscellaneous Sites
Teratomas have been reported in other sites, such as the skin, parotid, 
vulva, perianal region well away from the coccyx, spinal canal, umbili-
cal cord (possibly associated with omphalocele), and placenta. 

Figure 103.3: Gastric teratoma.
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1. Teratomas comprise multiple tissues foreign to the organ or site 
in which they arise.

2. Most teratomas are benign and have excellent surgical 
outcomes.
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Lymphomas
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Introduction
Lymphoma is a generic term used to describe malignant expansion 
of any of the lymphoid cell series. The nosology of lymphoma is an 
evolving science with clinical, morphological, and phenotypic studies 
contributing to the final diagnosis. The historical classification of lym-
phomas based purely upon morphological appearances under the light 
microscope has led to confusion and had little prognostic significance, 
so the Revised Euro-American Lymphoma (REAL) classification is in 
current use,1 albeit modified by the World Health Organisation (WHO) 
to include cytogenetic factors.2

Currently, about 15% of lymphomas are regarded as Hodgkin’s 
disease, defined by the presence of Reed-Sternberg cells on light 
microscopy, and the remaining 85% as non-Hodgkin’s lymphoma 
(NHL). NHL may stem from cells that have B-cell or T-cell, including 
natural killer (NK) cell, lineage. Amongst NHL, B-cell phenotypes 
account for about 85% of the diagnosed cases, and within Africa, 
Burkitt lymphoma is the most common B-cell tumour. REAL divides 
lymphomas into high-, intermediate-, and low-grade tumours, giving 
prognostic information that is of value. Burkitt lymphoma is regarded 
as a high-grade tumour and is one of the fastest-growing neoplasms 
known, with a tumour doubling time of between 24 and 48 hours.3 

Aetiology/Pathophysiology 
The transformation of cellular behaviour from “normal” to a pattern 
that we recognise as “malignant” occurs when the genes controlling 
cellular behaviour are altered in some way. In lymphoid cells, this com-
monly occurs as a result of chromosomal translocations (e.g., t(8;14) in 
Burkitt lymphoma, in which a proto-oncogene cmyc is moved from its 
normal site on chromosome 8 to a site on chromosome 14), chromo-
somal deletions, or oncogenic viruses.

There is a strong association between the Epstein-Barr virus (EBV) 
and endemic Burkitt lymphoma; although a causal relationship is not 
certain, EBV antigen can be detected in up to 90% of children affected 
by Burkitt lymphoma. Many viruses may, through chronic antigenic 
stimulation, result in chronic B-cell proliferation, thereby increasing 
the probability of spontaneous chromosomal aberration. It is possible 
that the origin of the genomic injuries in endemic Burkitt lymphoma 
is more complex, involving malaria, EBV, arborviruses,4 and possibly 
also plant products.5 

In only 15% of patients with sporadic Burkitt lymphoma seen 
outside Central Africa is there an associated EBV infection. Sporadic 
Burkitt lymphoma also has a different pattern of presentation but is 
histologically identical to the endemic form. It is likely that sporadic 
Burkitt lymphoma is a disease different from the African form that 
shares a similar cellular morphology.

Within each subgroup of NHL, cell size and pattern of growth 
(nodular or diffuse) reflect the gene products of the altered genome, and 
these in turn determine the innate aggression of the tumour. Anatomical 
staging also contributes to treatment decisions. 

In Africa, the human immunodeficiency virus (HIV) pandemic 
has greatly altered the epidemiology of lymphoma, resulting in a 

considerable increase in primary cerebral lymphoma and a substantial 
increase in the numbers of patients with B-cell NHL.6,7 Burkitt 
lymphoma is regarded as an acquired immune deficiency syndrome 
(AIDS)-defining disease in HIV-infected individuals.8 HIV-related 
Burkitt lymphoma seems to be biologically closer to sporadic Burkitt 
than to the endemic form and is less responsive to chemotherapy, even 
for those patients in whom the HIV status allows full chemotherapy 
doses.3

Clinical Presentation
Patients with lymphoma may present with the following symptoms:
• Lympadenopathy similar to tuberculosis

• Mediastinal mass 

• Pleural effusion

• Splenomegaly

• Maxillary mass (Burkitt lymphoma)

• Right iliac fossa mass

• Intussusception

• Bowel obstruction

• Bowel perforation

• Fever, weight loss, night sweats

• Pel-Ebstein fever
Hodgkin’s lymphoma is primarily a disease of lymph nodes, and 

the clinical presentation largely depends upon which group of nodes 
is predominantly affected. The classical presentation is of painless 
lymph node swelling that proceeds to displace structures and may 
reach massive proportions, causing secondary pressure effects (Figures 
104.1–104.3).

Figure 104.1: Abdominal radiograph with a mass.
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half of the patients. Endemic Burkitt lymphoma rarely presents as a 
right iliac fossa mass that can be confused with an inflammatory lesion, 
but intestinal involvement can provoke intussusception, intestinal 
obstruction, and occasionally intestinal perforation, although these 
symptoms are more common in sporadic cases. However, the pattern 
of disease presentation varies widely across relatively small geographic 
areas, suggesting that environmental factors may play a role.9

Constitutional symptoms of fever, weight loss, and night sweats, 
known as B symptoms, are associated with extensive extranodal disease 
and a poorer prognosis, irrespective of the lymphoma subtype.10 B 
symptoms are more commonly present in patients with HIV-related 
lymphoma. The well-known Pel-Ebstein fever seen occasionally in 
patients with Hodgkin’s lymphoma is simply a B symptom with a name.

Investigation and Staging
Appropriate treatment can only follow tissue diagnosis and accurate 
staging. Because the intranodal pattern of growth still has an important 
bearing on classification, an entire node should be submitted for exami-
nation. Fine needle aspirates and needle biopsies give limited informa-
tion, but they may suffice in areas where more detailed studies are not 
available or are irrelevant to management decisions. In children with 
jaw tumours clinically thought to be Burkitt lymphoma, the diagnosis 
can often be confirmed by removing one of the free-floating teeth that 
are characteristic of the lesion. Usually this can be achieved without an 
operation, as the tooth can be extracted digitally, and the tissue attached 
to the tooth is adequate for diagnosis.

Cytogenetic studies allow lymphoma to be categorised more 
precisely, but therapeutic decisions can be made on morphological 
assessment alone combined with clinical staging. The St. Jude 
modification of the Ann Arbor Hodgkin’s staging system based on 
clinical assessment, plain radiology, and ultrasound (Table 104.1) can 
be applied to NHL.

Burkitt lymphoma should be staged according to the Uganda Cancer 
Institute staging system. This reflects the high incidence of abdominal 
disease, even in patients presenting primarily with jaw disease, and 
recognises the effect of complete surgical resection when this is 
possible (Table 104.2).

All lymphomas should further be categorised as to the presence or 
absence of B symptoms. The presence of B symptoms should be signified 
by an addition of the suffix “B” after the stage shown in Table 104.1. If 
present, B symptoms would justify an increase in treatment intensity.

Figure 104.2: Abdominal computed tomography (CT) scan with a mass.

Figure 104.3: Abdominal magnetic resonance imaging (MRI) with a mass.

Figure 104.4: Burkitt lymphoma.

	  

	  

Stage Description

Stage 1 • Single nodal or extranodal tumour, excluding the mediastinum 
and abdomen

Stage 2 • Single extranodal tumour with regional lymph nodes affected

• Primary gastrointestinal tract disease; regional nodes may or 
may not be affected

• Lymphoma in two or more areas of lymph nodes on the same 
side of the diaphragm

Stage 2R • Primary abdominal tumour that has been completely removed 
by surgery

Stage 3 • Two single extranodal tumours on opposite sides of the 
diaphragm

• Origin in the lungs, chest, or thymus gland

• Two or more nodal areas affected on opposite sides of the 
diaphragm

Stage 3A • Abdominal tumour only that cannot be removed by surgery

Stage 3B • Tumour affecting more than one organ within the abdomen

Stage 4 • Any of the above, plus—at the time of diagnosis—the central 
nervous system (CNS; brain and spinal cord) and/or the bone 
marrow also affected

Table 104.1: St. Jude modification of the Ann Arbor staging system for non-
Hodgkin’s lymphoma. 

In NHL, extra-nodal disease is common and is often related to the 
gastrointestinal (GI) tract or other lymphoid organs, such as the spleen. 
Lymphoblastic lymphoma, which is difficult to differentiate from a 
lymphoblastic leukaemia, typically presents with a mediastinal mass 
or pleural effusion. 

In Equatorial Africa, the classic picture of Burkitt lymphoma (Figure 
104.4) is of a rapidly growing jaw or maxillary tumour in a small child 
under the age of 5 years. Additional abdominal disease is seen in about 
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The role of the surgeon in the primary management of children with 
B-cell lymphoma remains controversial. In endemic areas, localised 
intraabdominal disease is, unfortunately, not as frequent as it is in 
sporadic cases occurring outside Equatorial Africa. There is, however, 
no doubt that on rare occasions abdominal disease is localised, complete 
resection is beneficial but biopsy only or debulking does not improve 
survival.17,18 As chemotherapy regimens become more successful and 
more widely available, pressure on the surgeon is easing.19

In patients who present with an abdominal emergency, such as 
perforation, obstruction, or intussusception, the decision to operate is 
easy. The procedure that can be performed is defined by the findings 
at the time of surgery. Complete resection is ideal if circumstances 
allow, but the extent of disease may limit this ambition to a bypass 
procedure or biopsy alone. In patients with residual intraabdominal 
disease after laparotomy, delay in the administration of chemotherapy 
should be avoided.17

In patients in whom there is no crisis but an abdominal mass is 
palpable, the likelihood of complete resection must be judged from 
clinical assessment and preoperative imaging.

If abdominal disease is associated with extraabdominal lymphoma, 
then the initial strategy should be chemotherapy.20 If the tumour is 
judged by the surgeon to be unresectable, the initial treatment should 
also be chemotherapy. 

Staging laparotomy is not required. Even in the absence of 
sophisticated radiological techniques, it is usually possible to define the 
extent of disease within the abdomen with ultrasound, and, if necessary, 
to obtain tissue by using a needle biopsy. In some patients, a diagnostic 
laparotomy will have been indicated for symptoms at presentation. It is 
not necessary to remove the spleen or any other organ in order to stage 
or effectively treat the tumour.

In patients with primary bowel lymphoma, chemotherapy can be 
so effective that the tumour regresses, leaving a hole in the bowel.21 
This constitutes a surgical emergency. Surgical management will 
depend upon the clinical status of the patient as well as the findings 
at laparotomy. Exsanguinating haemorrhage from the bowel has also 
been reported in patients while on treatment for intestinal lymphoma. 
If the bleeding does not respond to conventional resuscitation, operative 
treatment may be necessary.21

Outcomes
Patients with T-cell and large-cell lymphomas fare worse than those 
with lymphomas of B-cell lineage.22 Generally, patients with lym-
phoma and coexistent HIV disease do less well than patients who are 
not HIV-infected. The advent of HAART may change this perception, 
as improvement in immune status will allow HIV-infected individuals 
to tolerate more aggressive chemotherapy with shorter rest periods.10,23

Patients in the developed world have a higher incidence of resectable 
abdominal disease, and treatment with aggressive chemotherapy, 
including stem cell rescue, is available. With such aggressive treatment, 
5-year survival rates reach 90% for localised disease and 70% for 
disseminated disease.3

In Africa, outcomes vary according to local geographic and 
economic factors. The most convincing data come from the Malawi 
Burkitt Lymphoma Project, which used initial cyclophosphamide 
monotherapy and later introduced intrathecal methotrexate for CNS 
prophylaxis. Initially, 63% of those with lesions in the head and 
neck secured complete remission with monotherapy, but only 33% 
of those with abdominal or other sites did so.14 More recent studies 
have shown a 53% event-free survival for stage 3 patients13 and a 71% 
complete clinical remission in those who relapsed or had primarily 
resistant tumours.15

These results are encouraging and show that much can be achieved 
even in the most resource-constrained countries.

Stage Description

Stage A • Single extraabdominal tumour

Stage AR • Completely resected abdominal tumour without extraabdomi-
nal disease

Stage B • Multiple extraabdominal tumours

Stage C • Intraabdominal tumour with or without a single jaw tumour

Stage D • Intraabdominal tumour with extraabdominal sites other than a 
single jaw tumour

Table 104.2: Uganda Cancer Institute staging system for Burkitt lymphoma.

Serum lactate dehydrogenase (LDH) is a useful marker of tumour 
activity and can be measured serially to assess response to treatment. 
Most high-risk lymphomas have initially high levels of LDH; a rapid 
fall reflects tumour responsiveness and is associated with a more 
favourable prognosis.11

Treatment
The actual treatment of lymphoma does not usually involve the surgeon, 
as it is based primarily on chemotherapy with selective use of radio-
therapy. The surgeon may be involved in the diagnosis of lymphoma, 
particularly in differentiating between tuberculosis nodal enlargement 
and lymphoma in the HIV-positive child, the definition and resection 
of localised intraabdominal disease, as well as in the management of 
complications of either the disease itself or its treatment. 

High-grade lymphomas, by virtue of their rapid cell proliferation, 
generally respond well—often dramatically—to chemotherapy. Indeed, 
the rapidity of cell death after initiating treatment may present the kidney 
with unmanageable quantities of purines, pyrimidines, phosphate, and 
other cellular detritus, leading to tumour lysis syndrome. Oncology 
treatment protocols should include measures, such as prophylactic 
urate oxidase, hyperhydration, and urine alkalinisation12 to minimise 
this occurrence.

The outcome for children with Burkitt lymphoma is clearly 
related to access to effective chemotherapy. This is such a rapidly 
growing tumour that those in whom there is a delay—either pending 
histopathology confirmation or pending recovery from laparotomy at 
which extensive disease precluded total resection—fare worse.13 In 
addition to systemic chemotherapy, intrathecal methotrexate should be 
given to reduce the risk of CNS relapse.14

A considerable amount of energy has been expended in attempting 
to develop a low toxicity, high efficacy regimen for the treatment of 
Burkitt lymphoma that would be practicable in a resource-limited 
environment.14 This effort is being cofunded by the International 
Society for Pediatric Oncology (SIOP). Resource limitations not 
only impact the actual affordability of treatment drugs but also 
the availability of supportive care, such as antibiotics, and the 
ability to manage treatment-related toxicity, particularly bone marrow 
suppression with, among others, blood component therapy. An ideal 
regimen should therefore be nontoxic as well as effective, inexpensive, 
and easy to administer.15 The results of the SIOP studies have been 
encouraging, and relapse, should it occur, can also be effectively treated 
within a resource-constrained service.16

Patients with HIV-related lymphomas, excluding cerebral 
lymphomas, can tolerate effective chemotherapy protocols when 
treatment is given in conjunction with highly active antiretroviral 
therapy (HAART).

Surgery
The surgeon may be required to biopsy either a nodal mass, gonad, or 
mediastinal tumour, although frequently in Africa the diagnosis can be 
reached with sufficient precision to allow rational treatment following 
needle biopsy or bone marrow biopsy.
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1. The most common type of lymphoma is non-Hodgkin’s 
lymphoma, which includes Burkitt type in association with the 
Epstein-Barr virus.

2. Presentation is variable.

3. Tissue diagnosis is essential.

4. Staging is best done by following the Uganda Cancer Institute 
staging system (see Table 104.2).
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CHAPTER 105

Neuroblastomas
Larry Hadley

Kokila Lakhoo

Introduction
Neuroblastomas, along with most other paediatric solid tumours, 
should no longer be considered a single disease. Within the histological 
appearance of small round blue cells with rosette formation and back-
ground neuropil are an infinite number of behaviour patterns, each 
reflecting the genomic characteristics of the tumour cells. Thus, in some 
patients with neuroblastomas, the tumour spontaneously disappears or 
matures into a benign ganglioneuroma. In other patients with histologi-
cally identical neuroblastomas, the tumour rapidly disseminates and is 
resistant to even the most aggressive treatment. Refinements in nosol-
ogy will ultimately recognise that these are different diseases that share 
morphological characteristics and a common cell of origin.

As morphological characteristics alone are insufficient to allow a 
prediction of behaviour, the concept of “risk stratification”—a process 
that encompasses assessment of the innate aggression of the tumour—
has become important. Prediction of behaviour is an inexact science, 
but it is becoming more precise as genomic markers of aggression 
are identified. Thus, loss of part of chromosome 1p, amplification of 
N-Myc oncogene, and abnormalities of chromosomes 6p22, 2p, 11q, 
and 17q deletions in the malignant cell are all thought to code for 
aggressive behaviour.1 Not only do tumour genomics affect behaviour, 
but certain features of the host, most notably age, are also critical in 
determining outcome.

Demographics
Neuroblastoma is, fortunately, infrequent in Africa.2 Whether this 
reflects a low prevalence or a low rate of diagnosis is uncertain. It may 
be that neuroblastoma is another noncommunicable disease that is in 
some way influenced by industrialisation and the environmental insults 
associated with the process.3

In Europe and North America, neuroblastomas are the most 
common solid tumours of childhood; in Africa, however, the incidence 
of neuroblastomas lags far behind that of lymphomas, retinoblastomas, 
Wilms’ tumours, and sarcomas.4 The tumour may be recognised 
antenatally, but the median age at diagnosis is 2 years.

Pathophysiology
Sites of Origin
Neuroblastomas arise from neural crest cells. These are the cells 
that populate the adrenal medulla, the sympathetic ganglia, and the 
olfactory apparatus. They demonstrate a wide range of neuronal dif-
ferentiation, but their distribution defines the sites at which primary 
neuroblastomas may occur. The most common site is the adrenal gland. 
Tumours arising from the sympathetic ganglia may occur in the abdo-
men, commonly around the origin of the celiac axis, or in the pelvis 
around the organ of Zukerkandl. In the chest, they present as posterior 
mediastinal tumours. Occasional tumours arise in the neck from the 
cervical sympathetics. Tumours arising from olfactory elements are 
termed esthesio-neuroblastomas. 

Paraneoplastic Effects
Neuroblastomas may secrete catecholamines or their precursors. Thus, 
hypertension and diarrhoea are common. Opsomyoclonus occurs in 
2–3% of affected children.5

Maturation
Neuroblastomas are unique in their potential to “mature” towards 
benign ganglioneuromas. It is also likely that a histological picture 
indistinguishable from neuroblastoma forms part of the normal matura-
tion of the adrenal medulla, as “neuroblastoma-in-situ” has been found 
in autopsies in premature babies dying of unrelated causes.6 Maturation 
is more likely to be seen in neonates and infants with stage 4S disease.
Histology
Neuroblastomas clearly demonstrate the limitations of the light micro-
scope as a means of predicting cellular behaviour. Nonetheless, 
histological findings of ganglioneuroma presage a benign clinical 
course. Shimada defined histological features that predict poor behav-
iour, which have been incorporated into risk stratification protocols.7 
Frequently, in the absence of immunohistochemical stains, the patholo-
gist can offer little beyond “small round blue cell tumour”, and the 
clinical features must be considered when making a diagnosis.

Staging
The concept of staging as a predictor of outcome is being replaced by 
the concept of risk stratification, which incorporates cytogenetic mark-
ers and histological appearance as well as patient characteristics. Such 
studies allow the risk of treatment-related morbidity to be matched to 
the risk of progressive disease, and to avoid aggressive treatment in 
children who have biologically favourable tumours.8 “Surgical risk 
factors”, which predict the ease of resectability, are defined by preop-
erative imaging,9 and should carefully be reviewed before any surgery 
is attempted.

Staging, however, is still important to allow comparisons between 
studies and experiences, as well as contributing to risk stratification.

The current international neuroblastoma staging system (INSS) is 
shown in Table 105.1. 

Stage Description

Stage 1 Localised tumour with complete gross resection; ipsilateral 
nonadherent lymph nodes negative

Stage 2A Incomplete gross resection; nodes negative

Stage 2B Either stage 1 or stage 2A with ipsilateral nodes positive

Stage 3 Tumour crossing midline or unilateral tumour with contralateral 
nodes positive

Stage 4 Metastatic disease

Stage 4S Patient younger than 18 months of age with specific disease 
pattern 

Table 105.1: International neuroblastoma staging system.
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• Mass • Myoclonus/opsoclonus

• Limp/ bone pain/refusing to walk • Neurological

• Generally unwell • Constipation

• Decreased appetite • Diarrhoea

• Vomiting • Skin lesions

• Hypertension • Proptosis

• Anaemia • Antenatally diagnosed mass

• Fever • Incidental (e.g., single incidence of 
urinary tract infection)

• Abdominal pain • Horner’s syndrome

• FTT/ weight loss • Urinary retention

Figure 105.1: “Blue berry” nodules.

This system depends upon the surgeon understanding that the 
“lymphatic” midline lies along the aorta and that nodes between 
the aorta and the cava are ipsilateral to right-sided tumours and 
contralateral to left-sided tumours.10 

The system also draws attention to stage 4S, which describes 
children younger than 18 months of age with a primary adrenal tumour 
that would otherwise be stage 1, but with metastases limited to the liver, 
skin (“blue berry” nodules) (Figure 105.1), and bone marrow. Less than 
10% of the marrow cells should be blast cells. Such patients do much 
better than expected. In these patients, the liver may be massive and 
interfere with the mechanics of breathing. Under such circumstances, 
chemotherapy may be indicated, or, rarely, surgery may be needed to 
temporarily house the liver in a silo.11

Clinical Presentation
Presentation depends upon the site of the primary tumour as well 
as the stage of disease. Many children will have obvious metastatic 
disease when they are first seen. In addition to liver secondaries, neu-
roblastomas have a propensity to metastasize to the orbits, causing 
exophthalmos and “raccoon eyes” (Figure 105.2); to the skull and long 
bones, causing painful swellings and increasing the risk of pathological 
fractures; and into the epidural space through intervertebral foramina, 
leading eventually to paraplegia. The bone marrow is very frequently 
invaded. Additionally, some patients present with paraneoplastic syn-
dromes such as hypertension and opsomyoclonus.

Cervical neuroblastoma may present as Horner’s syndrome.
Abdominal neuroblastoma has a characteristic nodularity, akin to 

palpating a bag of potatoes, which may help the clinician differentiate 
it from a nephroblastoma. Neuroblastoma also is frequently a central 
abdominal tumour (Figure 105.3).

The challenge is the patient who presents with an abdominal or 
posterior mediastinal mass with no other clues to its origin. In such a 
child, urgent investigation is required. 

Presenting complaints may include any from Table 105.2; a 
nonspecific range of symptoms makes diagnosis difficult.

Investigations
In many instances, little more is needed than a needle biopsy of the 
primary or metastatic site. Few African centres currently have facilities 
for cytogenetic studies, or for metiodobenzylgaunidine (MIBG) radio-
isotope imaging, magnetic resonance imaging (MRI; Figure 105.4), 
or axial tomography. Plain abdominal x-rays often show a mass with 
speckled calcification displacing bowel. Intravenous pyelography may 
show displacement of the kidney and help to differentiate neuroblas-
toma from an upper pole nephroblastoma, although clinical features 
are also important.12 In cases of difficulty, urine can be assessed for 
catecholamines or their precursors. Ultrasound may help in the localisa-
tion of the tumour as well as in the assessment of retroperitoneal lymph 
nodes and liver.

In patients who present with spinal compression, it is useful to 
have some idea of the extent of disease within the spinal canal so 
that a surgical approach can be planned if possible. This may involve 
myelography if no other imaging is available (Figure 105.5).

Skeletal x-rays will reveal bony cortical metastases, and a bone marrow 
biopsy will define marrow involvement. A chest x-ray with a lateral view 
is important in the assessment of thoracic lesions (Figure 105.6).

Surgical Management
The mainstay of treatment for neuroblastoma is chemotherapy. In most 
patients presenting in Africa, neuroblastoma is manifestly a systemic 
disease that requires a systemic treatment; at best, surgery can provide 
local control. Surgery has, however, an important role in palliation and, 
infrequently, in cure.

The surgeon may be called upon to obtain biopsy material to 
establish the diagnosis of neuroblastoma, although this can usually be 

Figure 105.2: Example of raccoon eyes.

Figure 105.3: Abdominal mass.

Table 105.2: Presenting complaints with neuroblastoma.
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achieved by bone marrow aspiration or other noninvasive means. In 
Europe and North America, biopsy is used for assessment of MYCN 
gene status. In Africa, however, it is usually impossible to assess risk 
in greater detail than considerations of stage of disease and histological 
appearance. In the absence of immunohistochemistry, it is important 
to correlate the pathologist’s finding of a small round blue cell tumour 
with the clinical pattern of disease in order to reach a diagnosis.

Surgery may also be required to decompress the spinal canal 
in children who present with a short history of cord compression. 
Paraplegia of more than a few days duration is unlikely to be reversible. 

Pathological fractures of long bones may require internal fixation 
to improve quality of life and to facilitate nursing care. Single-dose 
radiotherapy, as little as 5 Gy, resolves the pain of bony metastases. 

Uncommonly, there is a need to resect localised primary tumours 
in patients who have responded well to either chemotherapy or per 
primam (with little scarring). As neuroblastomas tend to surround the 
major abdominal vessels, especially the coeliac trunk and the superior 
mesenteric artery, such resections can be mammoth undertakings,13 and 
careful review of imaging studies should precede any such operations. 
Even in the most experienced hands, aortic and other major vessel 
injuries occur.13 Intractable diarrhoea following retroperitoneal nerve 
injury occurs postoperatively in 30% of resections.14 In infants younger 
than 18 months of age, surgical resection is more frequently possible.

Resection of the primary tumour in children with metastatic disease 
that has responded to chemotherapy remains controversial and is not 
thought to improve survival.15 

Outcomes
In the authors’ experience, without the resources for bone marrow 
transplantation and high-risk chemotherapy, metastatic neuroblastoma 
is a lethal disease, with the exception of babies with stage 4S disease. 
Even in centres with the proper resources, the outlook is dismal.16 The 
role of the surgeon is palliative.

In patients with localised disease (stages 1 and 2), surgery may 
be curative, but sadly, such patients are few. It is believed that such 
tumours have favourable biological characteristics, and this limits their 
growth potential and confers a favourable prognosis. Patients with 
stage 3 intraabdominal disease may be made surgically curable by 
preoperative chemotherapy when this is available.

Figure 105.4: MRI showing left adrenal neuroblastoma marked “T”.

Figure 105.5: Imaging showing spinal extension.

Figure 105.6: Chest radiograph showing posterior mediastinal mass.
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1. Neuroblastoma is rare in Africa.

2. Neuroblastoma is of neural crest origin and usually secretes 
catacholamines.

3. Neuroblastoma may mature into benign ganglioneuroma.

4. The clinical presentation is nonspecific as well as site and stage 
dependent.

5. In the absence of sophisticated imaging, plain radiographs may 
reveal a soft tissue mass with or without calcification.
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CHAPTER 106

Malignant Soft Tissue Tumours
Sam Moore
Hugo Heij

Introduction
Tumours of soft tissue are mostly benign lesions of connective tissue in 
children. A number of aggressive malignant tumours that require mul-
timodal therapy do occur, however, usually including surgical manage-
ment. These malignant soft tissue sarcomas (STSs) are relatively rare 
in childhood, contributing approximately 5–8% of childhood malignan-
cies (approximately 850–900 children and adolescents are diagnosed 
in the United States each year).1 STSs arise predominantly from the 
embryonic mesoderm and mostly present as an asymptomatic mass in 
an extremity in older children or adults. 

Demographics
The prevalence of STS appears to vary among population groups world-
wide. In ethnic groups representing mainly caucasian populations, an 
age-standardised STS annual incidence rate of 5–9 per million can be 
expected, but this rate has recently been observed to be increasing in 
Europe. In Asia, the age-standardised STS annual incidence rate is less 
than 6 per million. Due to the paucity of data, the age-standardised STS 
annual incidence rates for Africa remain uncertain, but there is a widely 
held view that they are as common—if not more frequent—in black 
African children and adolescents than in Western population groups. A 
Nigerian study has reported STS as making up as much as 11.3% of all 
childhood cancers. 

Rhabdomyosarcomas (RMSs) and fibrosarcomas predominate; 
fibrosarcomas were found to be more prevalent in black African 
Americans than in caucasians (both males and females) in the United 
States.2 A similar spectrum is thought to exist in Africa. This interethnic 
variation in rhabdomyosarcoma and fibrosarcoma occurrence, together 
with their genetic and inheritable associations, suggest that genetic 
dysfunction is important in the pathophysiology. Viral exposure may 
also play a role, and Kaposi sarcoma (KS) rates are peaking in African 
children, mostly those from eastern and southern Africa in association 
with the acquired immune deficiency syndrome (AIDS) epidemic. 

Aetiology and Pathophysiology
Sarcomas are malignant tumours of mesenchymal origin and derive 
from a variety of cell types. Their pathology usually relates to their site 
and cell of origin. Although they represent only 1% of tumours seen in 
an adult oncology clinic, their prevalence in childhood appears higher.

Although the aetiology of sarcomas remains obscure, a possible 
genetic origin is proposed, as there is an association with the alternative 
lengthening of telomeres (ALT) mechanism in about half of the 
osteosarcomas, STSs, and glioblastomas. Familial transmissability is a 
possibility, an example of which is the complex cancer predisposition 
Li-Fraumeni association (the molecular basis of which is a germline 
TP53 (tumour protein 53) mutation).3 Impaired differentiation of 
myoblasts in RMS is associated with a tumour suppressor-like action 
due to reconstitution of miR-29, which promotes cellular differentiation 
and inhibits tumour growth in animals,4

Clinical Presentation
STSs occur in numerous sites, including the trunk, retroperitoneum, or 
the head and neck, in addition to the extremities. No aetiologic factors 
have been identified in the majority, even though a variety of predispos-
ing or associated factors have been identified. 

From a clinical point of view, at least three separate clinical groups 
of malignant STSs are encountered in childhood:
• congenital fibrosarcoma (CFS); 

• rhabdomyosarcoma (RMS); and 

• nonrhabdomyosarcoma soft tissue sarcoma (NRSTS). 
Fibrosarcoma may warrant a separate group in the classification, 

but fibrosarcomas that occur in childhood have a very different 
biological behavior, despite their malignant histological appearance. 
In contrast to the situation in adults, where fibrosarcoma was the most 
frequent STS, rhabdomyosarcoma predominates in children in Africa 
as well as worldwide. 

Findings on physical examination depend on the type and site of 
the tumour.

Investigations
For the most part, investigations are presented in this chapter under the 
specific type of STS.

Histological grading of STS is often difficult, with more than 70 
histologic types currently being identified, including RMS, KS, and 
vascular tumours predominantly in the paediatric and adolescent age 
groups. RMSs and undifferentiated sarcomas are the most frequent types, 
making up more than 50% of STSs in most series of childhood tumours, 
with the remainder falling into the heterogeneous NRSTS group.

Management
The role of the surgeon is to 
• establish a diagnosis;

• perform timely and adequate removal (often following chemo-
therapy);

• assess spread with a view towards staging; and

• provide supportive care (e.g., long-term venous access, feeding, etc.).

Prognosis
The outcome of STS has shown a marked improvement over the past 30 
years, with a decrease in radical surgical procedures, improved 5-year 
survival, and a decrease in morbidity. This improvement can largely be 
attributed to teamwork within national and international study groups 
and the establishment of clear treatment protocols. 

The age at diagnosis of STS appears to be a fairly major predictor of 
survival. Up to 77% of tumours occurring before the age of 1 year are 
surgically resectable, having the lowest occurrence of invasive or high-
grade tumours. As a result, a 5-year survival of 93% has been reported 
in this age group.5 The good prognosis of this group drops significantly 
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with increasing age, and is probably below 50% event-free survival for 
children aged 5 years, and less than one-third for older children (>11 
years of age).

Fibrosarcoma 
The age-standardised STS annual incidence rate for malignant fibroma-
tous tumours is 1–2 per million in the United States. Fibrosarcoma is 
the most common NRSTS in the <1 year age group. 

Congenital fibrosarcoma usually occurs in the extremities (Figure 
106.1) or trunk, and although histologically it appears malignant, it 
behaves benignly and rarely metastasizes.

reciprocal chromosomal translocations [‘t(2;13)(q35;q14) or t(1;13)
(p36;q14).t(2;13)], embryonal subtypes show a loss of heterozygosity 
(LOH) on the short arm of chromosome 11 [11p15.5]. The latter 
shows the suppression of the tumour-suppressor gene H19 on 11p15.5, 
which results in insulin growth factor II (IGFII) gene overexpression. 
In keeping with this observation, rhabdomyosarcoma (as well as 
retinoblastoma), has been shown to be positively associated with 
increased intrauterine growth, suggesting a possible role of foetal 
growth factors in its pathogenesis.11 Rhabdomyosarcomas are also 
associated with a number of other genetic variations (e.g., mutations in 
the p53 tumour suppressor gene and adverse outcome, as well as the 
loss of 1p36, which corresponds to the locus for PAX 7, a paired home 
box characteristically altered in alveolar RMS tumours). 

The PAX/FKHR fusion gene is found in as many as 60% of alveolar 
RMS cases, but a further 10% of patients with particularly poor 
prognosis histological types may carry the Ewing’s sarcoma EWS/ETS 
fusion genes (occasionally along with the PAX/FKHR gene).
RMS Prevalence and Demographics
In Western countries, STSs have an annual prevalence of 8.4 per million 
in caucasian populations, and the American Cancer Society estimates 
about 8,680 new cases per year.12 This would give RMSs an occurrence 
between 10% and 15% of paediatric solid malignancies. A male predi-
lection (male-to-female ratio of 3:2) has been reported, and the peak 
age group is 2–5 years with a second peak occurring in adolescence. 

Ethnic differences have been reported, with RMS in the United 
States being more frequent in caucasian than in black patients. 
Although it is possible that RMS is underreported worldwide in black 
communities, a suggestion that there is an increased preponderance in 
black African children is not supported by US data; one study showed 
that out of 5,623 cases of STS reported in whites and blacks living in 
the United States, only 574 cases (10.2%) were reported in blacks. This 
appears to be mainly in females, as RMS prevalence has been found to 
be only half of the caucasian rate in black girls in the United States, as 
opposed to a similar rate in both black and white boys. Furthermore, 
certain studies have shown no striking differences between blacks and 
whites concerning anatomic sites, histologic types, histologic grades, 
or clinical stages. This has led to the conclusion that there are no really 
significant differences in occurrence or survival between white and 
black STS patients. The prevalence in mixed races in Africa is unknown.
Clinical Presentation
RMS tumours occur in numerous sites, including the trunk, retroperito-
neum, or the head and neck in addition to the extremities (Figure 106.2).

The most common clinical presentation is that of an asymptomatic 
mass (often noted by the parents). The precise signs and symptoms 
usually vary, depending on the anatomical site of the primary tumour.

Figure 106.2: Approximately 35% of primary RMS occurs in the head and neck 
region, 19% in the genitourinary region, and the same in the extremities. Other 
sites are approximately 20% of the total.

Figure 106.1: Congenital fibrosarcoma of the foot in an infant (left) and the 
result of wide excision at 7 years of age (right).

	  

In children older than 4 years of age, the natural history of 
fibrosarcomas approximates that of the adult tumour, and the treatment 
is more radical than for younger children.

In US population groups, a higher incidence of fibrosarcoma has 
been reported among black people compared to white people for 
both sexes, suggesting that fibrosarcoma may be more prevalent in 
African populations.

Malignant fibrous histiocytoma (MFH) also occurs in children. 
Inactivation of the RB1 gene has been shown to be involved in 

tumours such as fibrosarcoma, osteogenic sarcomas, and melanomas in 
early adult life. Of interest is the association of this gene with infantile 
fibrosarcoma via the ETV6-NTRK fusion protein.6

Since the 1980s, the identification of balanced translocations in 
STSs has changed the face of histopathological identification to a 
combination of histopathological and molecular genetic identification. 
Sarcomas that are known to have identifiable gene fusions include 
synovial sarcomas (SYT-SSX), Ewing’s sarcomas (EWS-Fli1), clear 
cell sarcomas (EWS-ATF1), and myxoid liposarcomas (FUS-CHOP), 
among others.7 The ETV6-NTRK fusion associated with infantile 
fibrosarcoma may link it to mesoblastic nephroma. Considered to be 
disease-specific, the identification of sarcoma translocations and their 
fusion is possible, but limited by availability of specific resources. 
Fibrosarcomas of bone may also occur.

The prognosis for infantile fibrosarcomas is excellent following surgical 
excision. The survival rate drops to 60% in the older child, however. 

Rhabdomyosarcoma
Rhabdomyosarcoma is a malignant tumour of striated muscle, which 
usually displays early local invasiveness and may later metastasize 
via lymphatic and haematogenous pathways. It is derived from mes-
enchymal cells that differentiate along rhabdomyoblastic lines, often 
displaying cross striations on histopathological examination. It is the 
most common STS encountered in childhood, occurring even in the 
perinatal period8 (10% of neonatal malignancies9). RMS may arise from 
any site during childhood but the most common sites include the head/
neck (25.6%), leg/foot (26.7%), and thigh (19%) in an African series.10

Although the aetiology of RMS is still unclear, familial STSs 
do occur, and RMS may be associated with a number of syndromes 
(e.g., Beckwith-Wiedeman, Li-Fraumeni, and WAGR (Wilms’ 
tumour, Aniridia, Genito-urinary malformations, mental Retardation)) 
as well as neurofibromatosis (type 1) and the basal cell naevus 
syndrome. Whereas the majority of the alveolar RMS subtypes show 
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Head and Neck Tumours
Head and neck RMS tumours are classified as those occurring in the 
orbit and in the parameningeal and nonparameningeal sites.13.

Orbit
Primary RMS of the orbit presents with proptosis, loss of vision, che-
mosis, and swelling. Ophthalmoplegia may occur in advanced disease. 
A mass may be present on the eyelid or subconjunctivally. This site 
usually demonstrates embryonal histological features, and has the best 
prognosis, given appropriate management.

Parameningeal sites
Parameningeal sites include the external auditory meatus, the middle 
ear, the nasopharynx, and other sites around the pharynx and larynx, 
where erosion of bone is a feature. RMS may present with a bleeding 
mass and/or meningeal symptoms with possible cranial nerve involve-
ment. Complete surgical extirpation may be difficult, so these tumours 
not infrequently require radiotherapy. Parameningeal tumours mostly 
have a poor outcome because their deep situation leads to delay in 
presentation and hence extensive local infiltration as well as early 
distant metastases (15%) due to the rich lymphatic and blood networks 
in these areas.

Nonparameningeal sites
Nonparameningeal sites include the cheeks, oral cavity, and orophar-
ynx, scalp, and thyroid, among others.  
Genitourinary Tumours
Genitourinary tumours include primary sites from the vulva, vagina, 
uterus, or bladder/prostate. Patients may present with a mass or may 
present with haematuria and/or bladder outlet obstruction (Figure 106.3).

Patients also may have an abdominal or pelvic mass. These masses 
may be large, making identification of the primary site difficult. 

Paratesticular RMS
Paratesticular RMS tumours present with nontender scrotal masses 
but may present with a large abdominal mass of retroperitoneal lymph 
nodes. These tumours may be spindle-shaped, being embryonal in 
93%,14 and having a good prognosis on the whole. Whereas, in the past, 
an extensive dissection of the retropertitoneal nodes was required, these 
patients may present with lung metastases (see Figure 106.4).

Sarcoma botryoides
Sarcoma botryoides is a particular form of genitourinary RMS that 
presents with grape-like structures (Figure 106.5) protruding from the 
vulva or causing bladder neck obstruction in a child younger than 4 
years of age. The histopathology is usually embryonal and the progno-
sis usually good due to chemosensitivity of the tumour.
Tumours of the Body Wall 
Tumours of the body wall occur either in the chest wall or paraspinally. 
Tumours of the chest wall are of considerable interest due to the pos-
sibility of an extra-osseous Ewing’s tumour of soft tissue or a primitive 
neuroectodermal tumour (PNET; the so-called Askin tumour) in the 
differential diagnosis (Figure 106.6).

Tumours of the abdominal wall are rare. They have a high 
rate of local (as opposed to lymph node) recurrence and are often 
chemoresistant. 

Other sites where RMS can occur include the retroperitoneum (10%), 
and other, rarer sites such as the perineum, biliary tract, and GIT.
Imaging
In Western countries, computed tomography (CT) and magnetic reso-
nance imaging (MRI) are considered essential for the staging of RMS 
as it often affects deep organs, and clinical assessment of the local and 
regional involvement as well as the relationship to other neighbouring 
structures may prove difficult. Imaging of RMS remains a problem 
in poorly resourced parts of the world, including Africa, where many 
of the imaging modalities taken for granted in the West are often not 

Figure 106.3: RMS of bladder neck presenting with bladder outlet obstruction.

Figure 106.4: Chest x-ray and CT scan of pulmonary metastases from a 12 
year-old-boy with a para-testicular RMS tumour.

Figure 106.5: Sarcoma botryoides of the bladder. Note 
the grape-like structures in the lumen.
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available. Where they are available, however, they should be used to 
evaluate these tumours. 

Clinical procedures such as cystoscopy, examination under 
anaesthesia, and lumbar puncture for tumours affecting the spinal canal 
gain importance as alternatives in many African centres. When used 
in association with Doppler ultrasound (US) investigation, reasonable 
results can be obtained to guide the clinician in management decisions.

MRI is the preferred modality in many centres due to its good 
definition of regional anatomy and the absence of artifacts on CT 
scanning. For example, MRI holds the added benefit of special signal 
characteristics in certain tumours that may assist in the diagnostic 
work-up of the patient. Examples of this are lipoma versus liposarcoma, 
vascular lesions, and fibromas. Nevertheless, it is highly debatable 
whether imaging per se can identify malignant as opposed to benign 
tumours.
Histopathology
Arising from immature striated muscle, RMS is one of the small blue 
round cell tumours of childhood, along with neuroblastoma, Ewing’s 
family of tumours, and lymphoma. Histopathology may be difficult, 
and many subtypes exist. Cross-striations may be visualised even 
on light microscopy to indicate the myogenic origin of the tumour. 
Subtypes may, however, be difficult to distinguish without highly 
sophisticated tools such as immunocytochemistry and even electron 
microscopy and genetic studies.

There are three main histological types of RMS: embryonal, 
alveolar, and pleomorphic.

Embryonal RMS
Embryonal RMS is the most common RMS, making up about 66% of 
all childhood RMS, virtually all in the <8 year age group. Embryonal 
RMS makes up at least 80% of genitourinary RMS and 60% of head 
and neck tumours in the younger child. Two very favourable subtypes 
have been identified: (1) the spindle cell embryonal variant seen in 
paratesticular RMS, and (2) some head and neck tumours and sarcoma 
botryoides of the genitourinary tract.

Sarcoma botryoides, discussed previously (see Figure 106.5), is 
a specific embryonal subtype occurring in children younger than 4 
years of age in muscular cavities such as the nasopharynx, vagina 
(appearing as grape-like lesions protruding from the vulva), and biliary 
tree. The histopathological picture includes small, round, or possibly 
spindle-shaped cells surrounded by myxoid material. It has a very good 
prognosis, generally responding well to chemotherapy.

Alveolar RMS
The alveolar RMS type (20%) occurs mostly on the trunk or extremities 
and mostly has a poorer outcome.15 The less well defined histological 
subtypes include undifferentiated sarcomas and the pleomorphic (adult) 
type. There may be occasional difficulties in subtyping RMS tumours, 
which explains the origin of the term sarcoma, type indeterminate in 
the histopathological classification. Currently, the use of immunocyto-
chemistry, electron microscopy, and cytogenetics for further subtyping 
of difficult tumours is currently in practice in the Western world due 
to the importance of correctly identifying subtypes on management 
stratification and prognosis.

Pleomorphic RMS
Pleomorphic RMS is virtually unknown in childhood, mostly present-
ing in adults.
Pretreatment Investigation
Pretreatment investigation includes, but is not limited to
• blood tests: full blood count, platelet count, urea and electrolytes, 
liver function tests, and urinanalysis;

• bone marrow biopsy and aspirate: usually bilateral;

• radiology: chest x-ray, skeletal survey, CT chest (if available), MRI 

Figure 106.6: Anterior chest wall tumour.

Table 106.1: IRSG staging of RMS, based on residual after surgical resection.

Group Description

Group I 

Localized disease, completely resected

Absence of regional lymphadenopathy

a. confined to muscle of origin

b. infiltration outside muscle or organ of origin 

Group II

Total macroscopic resection, but evidence of regional spread

c. grossly resected tumour with microscopic 
residual

d. regional disease with involved nodes—
completely resected with no microscopic residual

e. regional disease with involved nodes—grossly 
resected but with microscopic residual and/or 
histologic involvement of the most distal node in 
the dissection 

Group III Incomplete resection or biopsy with presence of 
macroscopic disease

Group IV Distant metastases

of primary site (with contrast);

• scintigraphy: bone scan (if available); and

• lumbar puncture: cerebrospinal fluid (CSF) cytology if parameningeal.

Staging
Staging depends on such factors as the primary site and the extent of dis-
ease as determined by one of a number of staging systems. These include 
the International Society of Pediatric Oncology (SIOP), the tumour, 
nodes, metastases (TNM), or the Intergroup Rhabdomyosarcoma Study 
Group (IRSG) staging systems (see Table 106.1).

In some respects, RMS staging must be site-specific due to 
individual aspects of local invasion, regional lymph node spread, and 
biologic tumour response. 

IRSG classification
The current staging system used in the United States is the IRSG system. 
Table 106.1 refers to the IRSG postsurgical classification (in contrast to 
the presurgical classification, which depends on special investigations). 

SIOP classification
More recently, patients have been classified into low-, intermedi-
ate-, and high-risk categories by SIOP/IRS (IRS is the Intergroup 
Rhabdomyosarcoma Study Group), based on studies of clinical out-
comes in order to direct treatment protocols.16 

• Low-risk tumours include stage 1, groups I and II (N0) (and orbit 
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eyelid up to group III) as well as stage 2 of group I tumours. 

• Intermediate-risk tumours include the rest of stage 1 (group II (N1) 
and group III (nonorbit)), and stages 2 and 3.

• High-risk tumours consist mainly of group IV.

Treatment
The overall aim of treatment in patients with RMS is to optimize sur-
vival, minimize toxicity, and maximize the quality of life. The possibil-
ity of cure is a realistic goal in patients with localized early tumours. 
On the African continent, this mostly applies to the few patients who 
are not in advanced stages on presentation. 

The correct pathologic diagnosis as well as the correct histologic 
subtype will determine much of the treatment, so they are important in 
RMS management. Site-specific issues, such as the specific patterns of 
local invasion, regional lymph node spread, and therapeutic response, 
as well as histopathological subtyping, require physicians to be familiar 
with site-specific staging and treatment details. They require clear 
protocols as well as attention to the significant acute toxicities and long-
term effects that may occur in young children. 

Chemotherapy
All patients with RMS require chemotherapy. Generally speaking, 
embryonal RMS is more responsive to treatment than the alveolar sub-
type. A regimen of vincristin, actinomycin D, and cyclophosphamide 
(VAC) is generally administered. 

A 5-year survival rate of about 72% can be achieved on this regime. 
Large variations in the 5-year survival, however, depend on patient 
age and tumour characteristics. Children who survived the first 5 years 
after diagnosis have an excellent long-term prognosis.15 When patients 
with metastatic disease are removed from the analysis (i.e., localized 
disease) and more advanced chemotherapeutic regimes are used, the 
5-year survival rate exceeds 80%. 

Surgical aspects of RMS management 
The surgeon is an integral part of the oncology team for three reasons: 
• to establish a diagnosis and to obtain a pathological sample; 

• many, if not most, tumours rely on surgery to achieve local control; 
and

• support in terms of vascular access, etc.
The surgical management of RMS has altered fairly dramatically 

over the past few decades from radical surgical treatment to preoperative 
chemotherapy followed by wide surgical excision. This is justified by 
the considerable improvement in 5-year survival and a marked decrease 
in morbidity.

RMS is treated with adjuvant chemotherapy, whereas chemotherapy 
is mostly reserved for NRSTS that is high grade or unresectable. Surgery 
appears to be a major therapeutic modality, although radiation may also 
play a role in certain circumstances. The possibility of NRSTS should be 
considered when resecting a soft tissue mass in children, and diagnostic 
incisional biopsy followed by wide local excision with negative 
microscopic margins should be the surgical goal for localized tumours. 

Surgery is best suited to areas where both a good cosmetic result and 
wide excision can be achieved. It must be borne in mind that primary 
surgery is probably best reserved for easily resectable small lesions 
(e.g., extremity, trunk, anterior wall), where an excision biopsy can 
be achieved. In the IRSG trials, 64% of group III, who demonstrated 
more than a 50% response to the chemotherapy, were found to have no 
residual tumour at surgery. 

In general, surgical treatment now rests on the principles of diagnosis 
(biopsy), neoadjuvant chemotherapy, and a primary re-excision of any 
remaining tumour. Second-look surgery may not be required, depending 
on posttherapy reassessment. It is generally true that younger patients 
have a significantly better response to chemotherapy and a longer 

survival than do their older counterparts.
Diagnostic
Tumours of the extremity lend themselves to initial biopsy. This proce-
dure should be performed through a longitudinal incision so as not to 
compromise later surgical excision.

There is no place for debulking procedures, which usually result in 
an incomplete excision. 
Primary re-excision
In tumours with a good biological response to chemotherapy, the 
residual tumour may be quite small, favoring conservative surgery with 
preservation of vital functions. Excision of the entire organ of origin is 
no longer the standard. Complete macroscopic and microscopic clear-
ance gives rise to the best long-term results. 
Second-look surgery
Some debate still exists about the value of second-look surgery in the 
presence of radiological clearance of disease. In patients with an incom-
plete chemotherapeutic response or doubt, second-look surgery still 
appears to have a role, as survival is bound to a disease-free outcome. 
It is of limited value in stage IV disease. 
Management of recurrence
The recurrence/relapse rate for RMS is as high as 30%,13 with a mortal-
ity of 50–90% in these patients. These recurrences may be localized or 
widespread.

Grade alone does not determine the rate of local recurrence. In both 
low- and high-grade tumours, a pathological margin of resection greater 
than 1 cm reduced local recurrence. The effect of margin of tumour 
resection and postoperative radiation therapy (RT) on local tumour 
recurrence is not yet clear in children .

Histology and tumour biology plays a major role in determining the 
outcome of these recurrences. Sarcoma botryoides recurrences have 
a 5-year survival of 64%, pleomorphic tumours 26%, and alveolar 
tumours only 5% (depending on IRSG). 

Radiotherapy
Although radiation therapy is of considerable use in controlling local 
recurrence, its use varies considerably worldwide. Attempts to mini-
mize side effects by avoiding radiation therapy have been very success-
ful in the SIOP trials, where its use is limited to salvage therapy or 
local relapse. In the MMT89 (Malignant Mesenchymal Tumour 1989) 
protocol study,17 this applied to only 23% who required local therapy to 
achieve complete control.

Radiotherapy is particularly used where either microscopic disease 
remains after surgical resection or in areas where wide excision would 
result in a very poor cosmetic result (e.g., parameningeal, orbit, etc.).

Benefits of radiotherapy in preserving organs must be weighed against 
the long-term side effects, which include secondary malignancies (e.g., 
thyroid) and features such as xerostomia, abnormal dental development, 
poor facial bone development, and neuroendocrine abnormalities, as 
well as hearing and visual loss in head and neck lesions. In the pelvic 
region, impaired gonadal function, poor pelvic bone development, and 
intestinal obstruction may ensue. Growth disturbance, bone and nerve 
damage, as well as limitation of function may result in the extremities. 
Prognosis
The prognosis of STS is largely determined by the degree of spread 
at the time of diagnosis, the biology of the tumour, the histological 
features, the site of origin, and the treatment given. Because much of 
the management of paediatric soft tissue sarcomas (NRSTS) is extrapo-
lated from adult studies, the treatment is debated, due to their varying 
chemosensitivity.

Nevertheless, a 5-year survival rate greater than 70% has been 
reported in recent trials of localised rhabdomyosarcoma. Survival for 
group I is 93%; group II, 81%; group III, 73%; and group IV, 30%. 
Patients presenting with metastatic disease (20% of patients with newly 
diagnosed RMS) still have a poor outcome (Figure 106.7). 
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The lower limb is the most common primary site of NRSTS in childhood, 
but the site does not appear to correlate with age. Prognosis is related to 
size, spread (stage), and biologic and histological features.

Complete surgical excision remains the mainstay of therapy in more 
than 70% of NRSTS, making it of considerable interest to surgeons. 
A multidisciplinary team approach with avoidance of mutilating 
procedures has become the standard for the treatment of STS in 
children and results in cure for many.

Postoperative adjuvant chemotherapy significantly improves the 
overall and disease-free survival for patients with large-size and high-
grade sarcomas. 

NRSTSs are less responsive to radiotherapy than the more common 
paediatric STS, RMS, and Ewing’s sarcoma of soft tissue. However, 
radiation therapy does play an important role in the treatment of 
NRSTS, including synovial sarcoma. Limb preservation with adjuvant 
radiation thereby is standard, and there is a greater incentive to reduce 
long-term complications of radiation in younger patients. Techniques 
such as using smaller margins, lower doses, and conformal techniques 
have changed the practice in many centres. Where paediatric NRSTS 
patients have had an initial unplanned or incomplete resection, a wide 
re-excision should precede any further adjuvant treatment. 
Synovial Sarcoma
Synovial sarcoma is an uncommon malignant soft tissue neoplasm that 
accounts for 7–8% of all malignant soft tissue tumours.18 Approximately 
30% of synovial sarcoma patients are younger than 20 years of age. 
Synovial sarcoma is the most common NRSTS in paediatric patients. It 
is a high-grade malignancy and tends to spread to the lungs. 

Clinically, synovial sarcoma classically arises from the knee or 
upper leg, closely related to joints, tendons, or bursae (Figure 106.8). 
The upper extremity, trunk, abdomen, and head and neck regions may 
also be involved. It is also associated with a nonrandom chromosomal 
translocation t(X, 18)(p11; q11).

Initial biopsy should be incisional unless a very localized tumour 
is present, and should be longitudinal to allow for later wide excision. 
A wide surgical excision with clear margins remains the treatment of 
choice for synovial sarcoma in children, as microscopic residual has a 
major influence on local recurrence and survival. Amputation may be 
required in a limb to ensure adequate margins. 

Regional lymphadenopathy may occur, and lymph nodes should be 
evaluated for local regional disease. 

Adjuvant radiation therapy may assist in containing residual disease 
and should possibly be considered in patients with clear margins (IRSG 
group I) and in patients with microscopic residual tumour (IRSG group 
II). Overall, chemotherapy does not seem to improve the outcome, 
although chemotherapeutic drugs such as ifosfamide appear fairly 
effective in advanced disease. Survival of metastatic disease is rare.
Leiomyosarcoma
Leiomyosarcoma arises from smooth muscle and is the most com-
mon retroperitoneal tumour STS in the paediatric age group. It may 
arise from the GIT, and is occasionally being seen in association with 
HIV infection and immunosuppression (e.g., renal transplantation). 
Leiomyosarcoma is associated with a t(12;14)(q14;q23) translocation.
Neurofibrosarcoma
Neurofibrosarcoma is a tumour of the nerve sheath with a strong 
association with neurofibromatosis, occurring in 16% of patients with 
an NF1 gene variation (up to 50% of cases with NF1). Other reported 
genetic variations include 22q11-q13, 17q11, and p53 mutations. It 
mostly occurs in the trunk or major plexuses (e.g., brachial plexus) in 
the periphery. It is locally invasive.

Surgical excision remains the mainstay of treatment, as it is largely 
chemo- and radio-resistant.

Figure 106.7: Metastatic RMS lesion on forehead from an extremity primary.

Figure 106.8: (A) X-ray of left knee in a 13-year-old female with a synovial 
sarcoma. (B) MRI image demonstrates the extent of the tumour.

Figure 106.9: Malignant fibrous histiocytoma of the upper limb in a 6-year-old child.

(A) (B)

In the future, risk-adapted classification of rhabdomyosarcoma 
will likely be based on biologic features, such as the presence of 
chromosomal translocations or specific gene expression profiles.

Nonrhabdomyosarcoma Soft Tissue Tumours
Whereas RMS predominates in children younger than 14 years of age, 
NRSTS occurs less commonly, making up less than 3% of childhood 
malignancies.5 They are somewhat more common in boys than girls 
(ratio is 2.3:1) and occur mostly in adolescents (median age, 12 years) 
and young adults. They may also present in infancy, usually occurring in 
the trunk or lower limbs. Pathologically, they make up a heterogeneous 
group, with the most common types being synovial sarcomas (42%), 
fibrosarcoma (13%), malignant fibrous histiocytoma (12%), and neuro-
genic tumours (10%). Age appears to be important, as synovial sarcomas, 
peripheral nerve sheath tumours, and malignant fibrous histiocytoma 
most frequently occur in patients aged 10–15 years as opposed to those 
younger than 1 year of age, who mostly had a congenital fibrosarcoma. 
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Malignant Fibrous Histiocytoma
Like fibrosarcoma, malignant fibrous histiocytoma arises from fibro-
blasts, mostly occurring in the trunk and extremities (Figure 106.9). 
Pathologically, it occurs deep in the subcutaneous layer, displaying a 
number of histopathological variants (giant cell, myxosis, storiform, 
and angiomatoid). The angiomatoid variant occurs in younger patients.

Malignant fibrous histiocytoma is surgically curable by excision. A 
wide surgical excision is the treatment of choice. Chemotherapy may 
be required for advanced cases in the older child.
Liposarcoma
Liposarcoma is very rare in childhood, but has been described in the 
peripheries and retroperitoneally. It is sometimes difficult to distinguish 
from lipoblastoma, a benign condition; any fatty tumour with unusual 
features, such as poorly localized, invading fascia, should be evaluated. 

It may be difficult to distinguish between lipoblastoma and 
liposarcoma on histopathology alone and may require karyotyping 
in order to make the distinction. Histological features are suggestive 
of malignancy with the formation of poorly defined larger lobules 
and/or nuclear pleomorphism, hyperchromasia, and atypical mitoses. 
Liposarcoma typically may be associated with a nonrandom gene 
translocation, t(12;16)(13;p11); it may be of myxoid lipoblastoma; or 
other genetic abnormalities may occur.

Liposarcoma tends to be locally invasive and rarely spreads to 
distant sites. Wide surgical excision is the treatment of choice.
Vascular Tumours and Kaposi Sarcoma
Kaposi sarcoma
Kaposi sarcoma in a child is usually regarded as a rare and unexplained 
condition. Essentially, KS is a multicentric neoplasia of microvascular 
origin arising in association with HIV-affected individuals. It presents 
as brown, reddish, or purple cutaneous spots in HIV-positive patients.

The risk is known to be elevated in association with HIV-positive 
patients, immunosuppression, and human herpes virus 8 (HHV-8) 
infections.19 Children are also at risk for KS following renal transplantation.

Kaposi sarcoma rates are rapidly increasing in African children, 
mostly in association with the AIDS epidemic. In endemic regions, KS 
represents as much as 25–50% of STS in adult men and 2–10% of all 
childhood cancers.20 A further difference in children is a similar male-
to-female ratio, as opposed to the male predominance in adults.

Clinically, KS presents on the feet or ankles, thighs (Figure 106.10), 
arms, hands, or face as a brown, reddish, or purple cutaneous spot but 
may involve any other part of the body. It can involve skin, mucous 
membranes, and lymph nodes, as well as viscera (e.g., liver). Apart 
from the skin lesions, KS often presents with lymphadenopathy in 
childhood as well as wasting and anaemia.

Although rare in most parts of the world, KS has become an increasing 
problem in areas of high HIV prevalence in Africa. This is particularly true 
of the highland areas of Zaire, Kenya, Tanzania, and Southern Africa. The 
incidence is increasing; for instance, in Zambia the incidence has risen 
from 2.63 per million in 1982 to 19% 10 years later. Equally, in South 
Africa, a threefold increase in the incidence of KS has been reported from 
1988 to 1996 and continues to increase as the HIV epidemic in this area 
continues.20 African KS is fairly common in young adult males living near 
the equator. One form is also common in young African children.

Kaposi sarcoma is also associated with immunosuppression, and an 
increased KS-associated herpes virus (KSHV) seroprevalence, the risk 
being highest in children of KSHV-seropositive mothers. 

The status of KS as a true soft tissue malignancy is still unclear, 
and many still regard it as an opportunistic neoplasm rather than a 
genuine malignancy. Management decisions are governed by the extent 
and location of the lesions, as well as the symptoms and degree of 
immunosuppression. Diagnosis can be confirmed on skin biopsy. 

The outlook depends on the immune status and patient’s HIV viral 
load. Antiretroviral therapy can shrink the lesions, but the treatment of 

Figure 106.10: Kaposi sarcoma of leg with evidence of biopsy.

Figure 106.11: Poor healing in a biopsy wound of a haemangiopericytoma of 
the thigh.

KS does not improve the outcome from HIV itself. 
Radiotherapy or cryotherapy have both been used for the local 

lesion. Chemotherapy also has to be used in certain circumstances. 
Lesions may return after treatment, however.

Haemangiopericytoma
Haemangiopericytoma is an uncommon soft tissue tumour that arises 
from small pericapillary spindle-shaped cells (capillary pericytes). It 
may be benign or malignant, depending on the tumour biology, and it has 
a variable and unpredictable malignancy risk. Haemangiopericytoma is 
exceedingly rare in childhood. It mostly occurs in the lower limbs 
(Figure 106.11) or retroperitoneally, but may also occur in the head and 
neck, particularly in older patients (but also is reported in childhood). 
It has been associated with certain chromosomal translocations (e.g., 
t(12;19)(q13;q13) or t(13;22)(q22;q11)).

Haemangiopericytoma may be difficult to diagnose clinically due to 
its rarity. It usually presents as a soft tissue mass but may have unusual 
clinical presentations as hypoglycaemia or hypophosphataemic rickets.

Total surgical excision is the treatment of choice, and curative 
surgery is the most important predictor of survival. The role of 
chemotherapy in treatment is not well established.

Haemangioendothelioma 
Haemangioendothelioma (congenital haemangioma) may occur in vis-
cera (e.g., liver, lung) or in soft tissue elsewhere.

Hepatic epitheloid haemangioendothelioma is an uncommon, low-
grade vascular tumour with uncertainties about the best treatment. It 
usually has a favorable prognosis but may develop complications such as 
thrombocytopaenia and cardiac failure, due to its size. This may lead to a 
poorer prognosis and may require liver transplantation.

Epithelioid haemangioendothelioma, in contrast, is a distinctive 
vascular soft tissue tumour that has been previously considered a tumour 
of borderline malignancy and low-grade angiosarcoma. It occurs in the 
extremities as well as the head and neck, mediastinum, trunk, genitals, 
and retroperitoneum. Most tumours occur in adults, affecting females 
predominantly, but some have been reported at 9 years of age. Although 
many run a benign clinical course and respond to wide local excision, 
tumours with more than 3 mitoses/50 high-power fields (HPF) and a size 
greater than 3.0 cm have a significantly worse prognosis.
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Angiosarcoma 
Angiosarcoma is an extremely rare tumour in childhood. At least one-
third arise within the skin, and about 25% in soft tissue. Other sites 
(e.g., liver, breast, or bone) make up about 25% of occurrences. There 
is an association with the NF1 gene and neurofibromatosis, particularly 
with thoracic sites. Survival is generally poor, although long-term sur-
vival has been reported.

Miscellaneous Tumours
Alveolar Soft Part Sarcoma
Alveolar soft part sarcoma is a tumour that occurs in the head and 
neck or extremities and grows very slowly, tending to metastasize (to 
the lung and brain) some years after diagnosis. It possibly arises from 
muscle. Complete surgical resection is the treatment of choice
Ewing’s Sarcoma Family of Tumours 
Long regarded as a tumour of the bone (Figure 106.12), the Ewing’s sar-
coma family of tumours (ESFT) remains a not uncommon malignancy of 
children, adolescents, and adults younger than 25 years of age. Ethnic dis-
parities in incidence (more common in caucasians) as well as sex-related 
differences in outcome (caucasian females do better) have been reported.21

Although better known as Ewing’s sarcoma of the bone, there is a 
distinct extra-osseous group of Ewing’s sarcomas that originate from 
soft tissues (including PNET and the Askin tumour of the chest wall). 

Prognostic factors used to stratify patients include
• tumour-related stage (metastases), site, size, serum lactic dehydro-
genase (LDH), chromosomal translocation (type and position), and 
fusion transcripts (blood and bone marrow); 

• treatment (e.g., local surgical control, chemotherapy protocol, che-
motherapeutic response), both histological and radiological; and 

• patient factors (e.g., gender, age).
Ewing’s sarcoma is treated successfully in many cases by a 

combination of chemotherapy, surgery, and radiotherapy.22 Patients 
with small peripheral tumours without distant spread have been 
reported to have a high rate of cure (>70%) . Large, centrally located 
tumours and those with advanced stage disease have a very much less 
successful outcome (<33% 5-year survival).

Newer chemotherapeutic agents are currently being investigated, 
and there is now increasing interest in the identification of molecular 
targets in ESFT, which include the mammalian target of rapamycin 
(mTOR) and insulin growth factor-1 (IGF-1) receptor pathways, that 
could be exploited therapeutically.

Figure 106.12: Ewing’s sarcoma of the rib.

Title Optimal management strategies for rhabdomyosarcoma in 
children

Authors Walterhouse D, Watson A 

Institution Division of Hematology/Oncology, Children’s Memorial Hos-
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Chicago, Illinois, USA
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Problem Rhabdomyosarcoma is the most common sarcoma of child-
hood. Fortunately, the goal of cure is realistic for the majority 
of patients with localized tumours. However, management of 
these patients remains challenging. The fact that the tumour 
arises in a wide variety of primary sites, some of which are 
associated with specific patterns of local invasion, regional 
lymph node spread, and therapeutic response, requires phy-
sicians to be familiar with site-specific staging and treatment 
details. In addition, rhabdomyosarcoma requires multimo-
dality therapy that can be associated with significant acute 
toxicities and long-term effects, particularly when adminis-
tered to young children. These factors sometimes present a 
dilemma as to the best approach to optimize the chance of 
cure, minimize toxicity, and respect quality of life.

Intervention The purpose of this review is to discuss “optimal” manage-
ment of this complicated tumour. Since the tumour is 
relatively rare and requires highly specialized care, and 
important management questions remain to be answered, 
optimal management of rhabdomyosarcoma includes enroll-
ment in clinical trials whenever possible.

Comparison/
control 
(quality of 
evidence)

Appropriate management begins with establishing the 
correct pathologic diagnosis, histologic subtype, primary 
site, extent of disease (International Society of Pediatric 
Oncology (SIOP)-TNM-Union Internationale Contre le 
Cancer stage or Intergroup Rhabdomyosarcoma Study 
Group (IRSG) stage), and extent of resection (IRSG). 
Cooperative groups throughout North America and Europe 
have defined risk-adapted treatment based on these factors; 
this treatment requires a coordinated management plan that 
includes surgery, chemotherapy, and usually radiotherapy. 
The surgical approach for rhabdomyosarcoma is to excise 
the primary tumour, whenever possible, without causing 
major functional or cosmetic deficits. Wide excision is dif-
ficult in some primary sites and can be complicated by the 
fact that the tumour grows in a locally infiltrative manner 
so that complete resection is often neither possible nor 
medically indicated. Incompletely resected tumours are 
generally treated with radiotherapy. The cooperative groups 
reduce the dose of radiation based on the response of the 
tumour to chemotherapy and delay primary resection to 
differing degrees. Response-adjusted radiation administra-
tion may reduce the long-term effects of radiotherapy, such 
as bone growth arrest, muscle atrophy, bladder dysfunction, 
and induction of second malignant neoplasms; however, 
it may also be associated with an increased risk of tumour 
recurrence. All patients with rhabdomyosarcoma require 
chemotherapy. A backbone of vincristine and actinomycin D 
with either cyclophosphamide (VAC) or ifosfamide (IVA) has 
been established. Risk-adapted treatment involves reducing 
or eliminating the alklyating agent for patients with the most 
favourable disease characteristics. 

Outcome/ 
effect

Clinical trials are ongoing to improve outcomes for higher 
risk patients; newer agents, such as topotecan or irinotecan, 
in combination with VAC or the use of agents in novel 
ways, are being investigated. Acute and long-term toxicities 
associated with these chemotherapy regimens include my-
elosuppression, febrile neutropaenia, hepatopathy, infertility, 
and second malignant neoplasms. A 5-year survival rate 
>70% has been achieved in recent trials for patients with 
localized rhabdomyosarcoma. However, the outcome for 
patients who present with metastatic disease remains poor.

Historical 
significance/ 
comments

In the future, risk-adapted classification of rhabdomyosar-
coma will likely be based on biologic features, such as the 
presence of chromosomal translocations or specific gene 
expression profiles. It is hoped that newer therapies directed 
at specific molecular genetic defects will benefit all patients 
with rhabdomyosarcoma. 

Table 106.2: Evidence-based research.

Evidence-Based Research
A number of aggressive malignant tumours occur that require multi-
modal therapy, usually including surgical management. Table 106.2 
presents a review of management strategies for rhabdomyosarcoma 
in children.
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1. Tumours of soft tissue are mostly benign lesions of connective 
tissue in childhood. 

2. Malignant soft tissue sarcomas (STSs) arise predominantly from 
the embryonic mesoderm deriving from a variety of cell types.

3. STSs are relatively rare—approximately 5–8% of childhood 
malignancies per year.

4. STSs mostly present as an asymptomatic mass in an extremity 
in older children. 

5. There are at least three clinically relevant groups in 
childhood: congenital fibrosarcoma, rhabdomyosarcoma, and 
nonrhadomyosarcoma STS.

6. Nonrhabdomyosarcoma STS includes synovial sarcoma, 

liposarcoma, vascular tumours (e.g., Kaposi sarcoma, 
haemangiopericytoma, angiosarcoma), and alveolar soft part 
sarcoma.

7. Treatment is multimodal, usually involving neoadjuvant 
chemotherapy and conservative surgery. Radiotherapy is 
required only under certain circumstances.

8. The role of the surgeon is to establish a diagnosis; perform 
timely, adequate removal; assess metastatic spread; and 
provide supportive care (e.g., long-term venous access).

9. Although STSs are often highly malignant tumours, the prognosis 
has improved significantly over the last three decades. Up to 
77% of tumours in children younger than 1 year of age are 
surgically resectable following neoadjuvant chemotherapy.
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Table 107.1: Demographic of malignant liver tumours in childhood.

Tumour Incidence of HB (%) Gender bias
(male-to-
female ratio)

Age 
(years)

Racial 
distribution

Alpha-
foetoprotein

Comments

Hepatocellular 
carcinoma

48 1.95:1 2.16 Equal All ↑ Less than 4 
years of age

Hepatocellular 
carcinoma

27 2.09:1 10.5 Black 85%↑ fibrolamellar 
variant, 12%; 
hepatitis B 
positive, 69%

Liver sarcoma 6 0.4:1 7.6

Vascular tumours

Kaposi sarcoma 5 All HIV 
positive

Haemangio- 
endothelioma

5

Introduction
The burden of tumours on African communities is often overshadowed 
by the immediacy of problems such as social and political instability and 
civil wars. Health problems such as communicable diseases and diseases 
borne from deprivation are in most places the priority of clinical care and 
the primary thrust for preventive strategies. Liver tumours, both benign 
and malignant, are uncommon in children and constitute only 3% of all 
solid organ lesions. Furthermore, overall figures show that malignant 
liver tumours account for less than 2% of all childhood malignancies. 
The incidence of the different histological types varies geographically 
and is related to hepatitis B and human immunodeficiency virus (HIV) 
prevalence.

In communities in Africa where access to medical care and sophisticated 
imaging technologies is limited, deep-seated visceral tumours often grow 
to an enormous size before they are detected and treated. In most areas, 
the facilities for the provision of good-quality, modern, multimodal and 
multidisciplinary care, which is so critical for a good outcome in these 
patients, simply do not exist. Little is known about the epidemiology 
and the outcomes of the management of liver tumours in children on the 
African continent as a whole because good-quality reports and registry 
data are generally lacking. The unique milieu of predisposing infectious 
diseases and other environmental influences and carcinogens results in a 
different pattern of malignant tumours on the continent, making research 
into their causes and treatment all the more pressing. 

Demographics
Data reviewed recently from a tumour registry of paediatric oncology 
services in South Africa1 provides a scarce and much-needed insight 
into the problem. An 18-year review provided 274 malignant liver 
tumours in children under the age of 14 years—amounting to 1 case per 
million at-risk children per year, in keeping with data from the United 
States.2 The incidence of benign primary liver tumours is not known, 
but is probably similarly rare. 

Source: Moore SW, Davidson A, Hadley GP, Kruger M, Poole J, Stones D, Wainwright L, Wessels G. Malignant liver tumors in South African 
children: a national audit. World J Surg 2008; 32(7). Modified with permission.

Of the malignant tumours, hepatoblastoma (HB) is the most 
common, occurring in 48% of tumour patients.1 This tumour shows a 
distinct male preponderance (male-to-female ratio of 2:1), occurring 
at a mean age of 2.1 years of age and without any ethnic predeliction. 
Interestingly, in this series, no patient older than 4 years of age 
presented, and all patients had markedly elevated levels of alpha-
foetoprotein (AFP). 

Hepatocellular carcinoma is the second most common tumour, 
occurring in 27% of patients and showing a definite ethnic and gender 
bias.1 The distribution of the other malignant tumours seen in the 
registry is depicted in Table 107.1. The incidence of HB is lower 
than reported from Western series (where the incidence appears to be 
increasing), which may be due to lower rates of such recognized risk 
factors as low birth weight and low maternal age,3 genetic differences, 
or failure of diagnosis. 

The study showed an interesting trend.1 Over the course of the 
period of study, vascular tumours and Kaposi sarcoma seemed to 
increase in incidence, whereas hepatocellular carcinoma seemed to be 
occurring less commonly. The authors attributed this to the beneficial 
effect of the introduction of mandatory immunisation against hepatitis 
B in South Africa during the course of the period of study and possibly 
to the growing impact of the HIV epidemic in the country.

Aetiology
A thorough description of all the known causes and risk factors for 
liver tumours is beyond the scope of this book. This chapter therefore 
concentrates on the factors that are known or suspected of impacting 
the unique pattern of tumours seen on the African continent. The role 
of hepatitis B coinfection is well recognized as the most important 
risk factor for liver tumours in Africa.4 Factors such as aflatoxin 
exposure, membranous vena caval obstruction, and excessive iron 
ingestion may play minor roles in placing African children at risk for 
liver tumours. 
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The reasons for the lower-than-expected incidence of HB in Africa 
are not well understood, as mentioned above. The relationship between 
the Beckwith-Weidemann syndrome (BWS) and hemihypertrophy and 
the risk of HB (and more commonly Wilms’ tumour and adrenocortical 
carcinoma) are well known. Regular screening of affected infants 
by three-monthly US and AFP monitoring is recommended. AFP 
is a serum protein produced by foetal liver cells, yolk sac, and the 
gastrointestinal tract.

The aetiology of most benign liver tumours is obscure. 
Adenomas associated with high-dose estrogen administration in oral 
contraceptives have become much less common after these drugs 
were reformulated. Patients with glycogen storage disease due to 
glucose-6-phosphatase deficiency or Fanconi anaemia are at risk for 
adenomas and should be monitored.

Clinical Presentation
Mass Presentation
In the majority of cases, the presentation of liver tumours in childhood 
is one of a progressively enlarging mass. The poor access of many 
children on the African continent to quality tertiary health care as well 
as the relatively hidden subcostal position of the liver result in many 
patients presenting with extraordinarily large tumours. Sometimes 
patients are erroneously referred for pulmonology assessments due 
to diaphragmatic elevation or to orthopaedics for apparent scoliosis. 
Patients with hepatoblastoma will occasionally show evidence of 
thrombocytosis and fever. Jaundice is usually not present except in 
the case of obstructing hilar tumours. As seen more frequently with 
Wilms’ tumour, some unfortunate children will present in a very poor 
nutritional state with advanced cancer cachexia.5 
Cirrhosis Presentation
In the Western world, most patients with de novo hepatocellular carci-
noma (HCC) do not have underlying cirrhosis.6 In sub-Saharan Africa, 
where the prevalence of hepatitis B is so much greater, the presentation 
with cirrhosis is much more common. Cirrhotic patients may present 
with symptoms of the underlying disease. In these cases, the presenting 
symptoms may be those of upper gastrointestinal haemorrhage due to 
varices, nosebleeds from thrombocytopaenia, lethargy, fatigue, failure 
to thrive, weight loss, or jaundice. In many patients with cirrhosis, the 
tumour will be detected on US or computed tomography (CT) scan 
screening at the time of the patient’s first presentation with symptoms, 
but occasionally these will be detected during routine screening in 
larger centres.
Haemorrhage or Rupture Presentation
Intraperitoneal bleeding can rarely be the presenting symptom, either 
as a result of spontaneous rupture or more commonly after misguided 
attempts at needle biopsy. Rupture of large undifferentiated embryonal 
sarcomas has been described in older children. Newborns with ante-
natally undiagnosed hepatoblastoma or haemangioma are at particular 
risk of death during delivery.7 
Prenatal Presentation
Routine antenatal US screening is not available to the vast majority 
of mothers on the African continent. In larger centres, both HB and 
haemangiomas may be diagnosed by antenatal US. This obviously 
aids in the overall care of the patient by directing the place and mode 
of delivery to diminish the risk of rupture and to expedite postnatal 
management. Large tumours (typically mesenchymal hamartomas and 
haemangiomas) can compromise foetal well-being and cause hydrops 
foetalis or even foetal death.7,8 
Haematological Presentation
Rarely, infants with cutaneous or visceral haemangiomas may develop 
a consumptive coagulopathy. This has been named the Kasabach-
Merritt syndrome. It can occur with any histological type of vascular 

lesion, but usually occurs in the kaposiform haemangioendothelioma 
or in the tufted angioma variants.9 Its hallmarks are thrombocytopaenia 
and consumptive coagulopathy, which can be life threatening.

Investigations
Haematological Studies
All children with a suspected liver mass should be investigated by 
haematological and imaging studies. A full blood count, coagulation 
profile, and liver function tests, as well as a screen for tumour mark-
ers (AFP and β-HCG, or b-human chorionic gonadotropin) should be 
performed. Infants with haemangiomas should have thyroid function 
screening. AFP is the most useful single test. The results need to be 
interpreted in the light of normal high levels in the neonatal period. The 
95% confidence intervals for AFP levels is 15.7–146.5 µg/ml.10 Levels 
usually return to the normal adult range of <10 ng/ml by the age of 2 
years. An encountered pitfall is that neonates with HB may have AFP 
levels scarcely higher than normal for their age. This limits its value as 
a screening tool but can also mislead the clinician. An elevated level 
can also occur in other tumours, such as mesenchymal hamartoma or in 
the face of hepatocellular regeneration.

If cirrhosis is suspected, viral studies seeking hepatitis A, B, C; 
cytomegalovirus; and Epstein-Barr virus should be included. In all 
patients, the HIV serology should be determined, either to aid in the 
diagnosis (e.g., for patients with vascular tumours) or to be able to 
optimize their condition for a potential major resection. In cases where 
parasitic disease is possible, hydatid serology should be considered.
Imaging
In the Western experience, imaging includes US, contrast-enhanced CT 
scan, and MRI. US is the most commonly used imaging modality for 
all masses in the liver. Haemangiomas are echogenic but cannot be dif-
ferentiated from other vascular lesions such as tumours. The scan may 
be improved if colour Doppler is employed but US is probably most 
useful in follow-up of lesions that are being treated conservatively. 
US performed by an experienced operator is an excellent tool for the 
diagnosis of liver tumours and may be the only modality available in 
many African centres. 

Contrast-enhanced CT provides good imaging of hepatic 
haemangiomas. The lesion shows peripheral enhancement during 
the arterial phase, which progresses towards the central area during 
the portal venous phase. For the planning of surgery, CT scanning 
is essential. It shows the operating surgeon the relationship of the 
tumour to major vessels and its exact location in the liver with greater 
accuracy, allowing a better assessment of resectability. In addition, the 
appearance may suggest the tumour type. Large, low-density lesions 
in the right lobe suggest mesenchymal hamartomas or undifferentiated 
embryonal sarcoma (Figure 107.1). Hepatoblastoma typically appears 
as a heterogenous solid tumour with ill-defined borders and may 
contain areas of calcification (Figure 107.2).

MRI provides the most accurate diagnosis of haemangiomas. 
Gadolinium can be given intravenously to produce enhancement of 
the lesion. In planning surgical resections, MRI can be extremely 
useful in defining the margins of the lesion in relation to adjacent 
vascular structures. Unfortunately, MRI is not routinely available in 
the African setting. 

Radionuclide studies and hepatic angiograms are not used routinely 
in the imaging of haemangiomas in the liver.

Positron emission tomography (PET) scanning is not available in 
most African centres. Hepatic scintigraphy is no longer indicated except 
in the unusual incidence of differentiating uptake in an area of focal 
nodular hyperplasia (FNH) to distinguish it from an adenoma. 

All patients with malignant tumours should receive chest x-rays as 
screening for metastases, and chest CT scans should be performed if 
any abnormality is detected. In patients with HCC, the screen should 
include a bone scan as well as CT of the brain.11
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Types of Liver Tumours
The main categories of liver tumours are presented in Table 107.2. 
Malignant
The two most important childhood liver malignancies are hepatoblas-
toma and hepatocellular carcinoma. The relative frequencies of these 
diseases shows a wide geographical variation and is influenced by the 
presence of environmental and genetic factors.

Hepatoblastoma
HB is a rare malignant neoplasm of the liver that occurs in children 
between the ages of 1 to 3 years. It is the most common primary malig-
nant liver tumour, accounting for two-thirds of all cases. There is a male 
preponderance, with boys being twice as commonly affected as girls.

The prognosis for HB has improved in recent years, but the maxim 
still holds true that at some time in the course of the patient’s treatment, 
a resection with complete peritumoural clearance is necessary for a 
good outcome. 

Figure 107.1: CT appearance of a large mesenchymal hamartoma in the right 
lobe of the liver

Figure 107.2: A large hepatoblastoma in the right lobe of the liver prior to 
neoadjuvant therapy.

Malignant Benign

Hepatoblastoma Vascular neoplasm

Hepatocellular carcinoma       Haemangioma

Sarcoma       Haemanioendothelioma

      Undifferentiated Mesenchymal hamartoma

      Angiosarcoma Adenoma

      Rhabdomyosarcoma Focal nodular hyperplasia

Adenoma

Simple cyst

Table 107.2: Main categories of liver tumours.

The characteristic laboratory finding is the presence of an elevated 
AFP. At birth, it is normal to have high levels of AFP, which then 
decline over a period of time. In HB, the AFP is markedly elevated in 
at least 90% of the cases, and it can be also used as a marker to follow 
the response to therapy as well as to detect recurrence. The half-life 
of AFP is 4 to 9 days, and it returns to normal values approximately 6 
weeks after tumour resection. Very high or very low levels of AFP in 
HB usually are associated with a poor prognosis.

A number of imaging studies are used in the diagnosis of children 
presenting with an abdominal mass that may be HB:

Plain abdominal x-ray shows a soft tissue mass in the right 
hypochondrium and occasionally may also show calcification within 
the mass.

Ultrasound shows HB as a hyperechoic mass in the liver; US is 
particularly good for showing the vascular anatomy using colour 
Doppler.

CT with contrast shows lesion contrast enhancement during the 
portal venous phase (Figure 107.3).
• MRI is the investigation of choice, but unfortunately for most chil-
dren in this age group it will require general anaesthesia and it is not 
generally available in Africa. The images are sequenced after admin-
istration of gadolinium-based contrast agents, and three-dimensional 
(3D) reconstruction can be performed to provide an accurate ana-
tomical picture (Figure 107.4).

	  

	  

Figure 107.3: CT scan of hepatoblastoma.

Figure 107.4: MRI of hepatoblastoma.

• CT chest is always performed to detect the presence of lung metastases.

• Bone scans are usually done to exclude any metastatic involvement.
The HB tumour is derived from immature liver precursor cells and 

it is usually a single lesion situated in the right lobe. On microscopic 
examination, microvascular invasion is often present, which must be 
taken into account when surgical resections are planned. The tumour 
has a pseudocapsule, and the surrounding liver tissue does not show 
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The PRETEXT number (Figure 107.6) is derived by subtracting 
the number of adjacent sections not involved with a tumour from the 
number 4. Thus,
• PRETEXT I: One section involved, three sections free

• PRETEXT II: One or two sections involved, two adjoining sections free

• PRETEXT III: Two or three sections involved, one adjacent section free

• PRETEXT IV: All four sections involved
Additional criteria include: 

• caudate lobe involvement; 

• inferior vena cava involvement;

• hepatic veins;

• portal veins;

• extraabdominal disease;

• tumour rupture/intraperitoneal haemorrhage;

• lymph node metastases; and

• distant metastases. 
Based on these criteria, patients can be classified into high-risk 

and standard-risk groups. Standard-risk patients are those classified 
as PRETEXT I, II, and III with no spread outside of the liver. High-
risk patients are those classified as PRETEXT IV or with extrahepatic 
spread, distant metastases, or vascular invasion.

Most patients are asymptomatic, and the first indication of the 
tumour may be an enlarging abdomen. This accounts for the finding that 
40% of cases are in an advanced stage at the time of presentation and 
20% already have pulmonary metastases. Among other symptoms are:
• anorexia, loss of weight, and failure to thrive;

• osteopaenia;

• rupture with haemorrhage; and

• precocious puberty associated with β-hCG secreting tumours.
The HB tumour is usually fairly responsive to chemotherapy 

with cisplatin and doxorubicin (known as PLADO), and in most 
cases, resection is facilitated by using these drugs as neoadjuvant 
chemotherapy. In high-risk cases, carbopalatin is often added to the 
regimen. These approaches have yielded high resection rates and 
3-year tumour-free survival rates of 89% for standard-risk patients 
and 48% for high-risk patients.13 Liver transplantation, in countries 
where that modality is available, has greatly improved the outcome 
of patients with extensive high-risk disease. Recent data clearly show 
that posttransplant outcomes are much more favourable in borderline 

evidence of cirrhosis. Metastatic spread usually occurs to the lungs 
only, with bone secondaries being very rare.

Histologically, several subtypes have been described.
• Epithelial (56%)

▪ Foetal (31%)—this has a good prognosis if completely resected
▪ Embryonal + foetal (19%)
▪ Macrotrabecular (3%)
▪ Small cell undifferentiated (3%)

• Mixed epithelial/mesenchymal (44%)
▪ Teratoid features present
▪ Teratoid features absent
A large amount of data has now confirmed that HB is associated 

with a number of other conditions that are known to have a genetic 
basis. This is consistent with evidence that HB is derived from a 
pluripotent stem cell and arises as a result of developmental error 
during the formation of the liver.
• Beckwith-Wiedemann syndrome and hemihypertrophy: In these syn-
dromes, there is loss of heterozygosity (LOH) of chromosome 11p. 

• Familial adenomatosis polyposis (FAP): Mutations in the adenoma-
tous polyposis coli (APC) supressor gene lead to alterations in the 
Wnt/Bcatenin signalling pathway contributing to the development 
of tumour.

• Talipes equinovarus

• Patent ductus arteriosus

• Tetralogy of Fallot

• Extrahepatic biliary atresia
Also, studies in Germany have shown the association with very low 

birth weight infants, and this has been confirmed elsewhere.
Two major staging systems have been used in the treatment of HB: 

The North American system, which uses postsurgical staging; and the 
European SIOPEL/PRETEXT,12 which is a presurgical staging system. 
PRETEXT stands for PRETreatment EXTent of disease.

According to the PRETEXT system, which is assessed by CT scan, 
patients are divided into risk groups on the basis of the PRETEXT 
type and the behaviour of the tumour. The PRETEXT staging system 
involves dividing the liver into four sections (Figure 107.5):

Figure 107.5: Anatomical liver segmentation.

Figure 107.6: Four liver sections for PRETEXT staging.
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• Segments 2 + 3 (left lateral section)

• Segments 4a + 4b (left medial section)

• Segments 5 + 8 (right anterior section)

• Segments 6 + 7 (right posterior section)
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patients who were subjected to primary transplantation compared 
to those in whom transplantation was attempted after unsuccessful 
resection (i.e., as rescue therapy).14,15 Recently, liver transplantation has 
been shown to play a significant role in the treatment of unresectable 
HB with 5-year disease-free survivals of 80%.

Hepatocellular carcinoma
HCC accounts for only 23% of paediatric malignant liver tumours, but 
the actual incidence varies in different geographical areas. In countries 
where hepatitis B and HIV are prevalent, the incidence can rise to 
almost 50%. Two peak age groups can be identified: the first from 0 
to 4 years and the second from 10 to 14 years. Unlike HB, this tumour 
is associated with cirrhosis of the liver. Predisposing factors therefore 
include metabolic liver disease, hepatitis B, biliary atresia, and total 
parenteral nutrition.

Clinically, patients present with an abdominal mass, pain, weight 
loss, anaemia, and fever. The AFP is elevated in 50% of cases. Imaging 
studies are similar to HB, and tissue diagnosis by liver biopsy is 
required for confirmation of the disease and to assess the extent of 
cirrhotic involvement of the liver.

The outlook for the African child with HCC remains dismal. The 
majority present with multicentric disease, and most tumours (85%) 
are not amenable to resection from the outset.5,16 Most patients with 
unresectable disease are best treated by palliation. Response rates to 
chemotherapy with or without radiation treatment tend to be poor, 
although newer agents that have been tried in adults with HCC in the 
developed world may improve the outlook. Transplantation has been 
offered to a small, select group of patients with exclusively intrahepatic 
disease in whom resection is not possible, but results have been mixed.

Hepatic sarcoma
Undifferentiated embryonal sarcoma is the third most common malig-
nant tumour in the liver. These tumours occur in children between 5 
and 10 years of age. They are mesenchymal in origin and are closely 
related to the vascular tumours. Angiosarcoma of the liver is a highly 
malignant tumour and has a poor outlook. Embryonal rhabdomyosar-
coma arises from intrahepatic biliary ducts and often presents clinically 
as obstructive jaundice. The treatment and outcomes follow those of the 
rhabdomyosarcoma protocols. 

As these are rare tumours, it is essential to have tissue diagnosis 
before appropriate therapy can be instituted. Although US-guided 
percutaneous biopsy has been advocated, it is safer to do an open 
biopsy or laparoscopic-assisted biopsy due to the risk of bleeding. 
This approach will also provide better tissue samples for histology and 
specialised examination. 

The undifferentiated embryonal sarcoma classically presents with 
a large, usually right-lobed, low-density or sometimes frankly cystic 
lesion on imaging, which may easily be mistaken for a simple liver 
cyst,17 or hydatid disease18 in high prevalence areas for that disease. 
AFP levels are usually normal in this tumour. Careful planning to 
enhance the possibility of complete resection is mandatory, with 
misdiagnosis significantly diminishing the chance of cure.

The only hope of cure in patients presenting with one of the 
variants of sarcoma is complete resection. Neoadjuvant treatment may 
be helpful in rendering tumours resectable, particularly in embryonal 
rhabdomyosarcoma and in some cases of undifferentiated embryonal 
sarcomas.19 Results in patients in whom resection can be achieved are 
good, with cure achieved in 20–30% of cases and useful palliation 
achieved in many5 (Figure 107.7).

Kaposi sarcoma and malignant vascular tumours in AIDS patients
Malignant vascular lesions in the HIV-positive patient tend to be more 
aggressive, being more commonly anaplastic and frequently metastatic 
at presentation. This is commonly a terminal manifestation of severe 
immunodeficiency and carries a very poor prognosis.

Figure 107.7: Massive undifferentiated embryonal sarcoma, successfully 
resected with adjuvant chemotherapy and disease-free at 2 years.

Benign Tumours 
Benign lesions of the liver presenting as tumours account for one-third 
of all hepatic masses. Most of these lesions are not neoplastic in origin 
and may be better regarded as malformations. Benign tumours can be 
divided into two groups:
• Mesenchymal 

▪ Haemangioma
▪ Hamartoma

• Epithelial 
▪ Cysts
▪ Focal nodular hyperplasia
▪ Hepatic adenoma

Haemangiomas
Haemangiomas are the most common benign lesions seen in the liver 
and are frequently seen in the first 6 months of life. They vary from 
small lesions that are incidentally detected on scans done for other 
reasons to massive lesions that may precipitate high-output cardiac 
failure. Large lesions that are symptomatic present with abdominal 
pain, abdominal mass, or with complications of which bleeding is the 
most frequent. 

The natural history is one of spontaneous regression, and in 
asymptomatic cases a conservative approach with regular monitoring 
may be all that is needed. In the presence of symptoms that may be 
life-threatening, treatment is initiated with high-dose steroids. Alpha 
interferon has also been used, but it is toxic and the response is slow, 
occuring over a period of months. Focal lesions may be resected or 
controlled with hepatic artery embolisation. Hepatic irradiation and 
radio frequency ablation have been successfully used to treat large 
lesions in some cases, but the experience is limited. Extensive lesions 
that cannot be managed in this way may require liver transplantation.

Infantile haemangioendothelioma
Infantile haemangioendothelioma is the third most common liver 
tumour in childhood (12% of all paediatric liver tumours in the Western 
world), and is the most common liver tumour in infancy. It is usually 
seen in infants younger than the age of 6 months; 85% of cases present 
within this age group. There is a female preponderance with a female-
to-male ratio of 2:1. Fifty percent have cutaneous haemangiomas and 
the lesions themselves may show calcifications. They are usually 
benign, but malignant sarcoma can occur.

The natural history of these tumours is that they grow in the first year 
of life and then start regressing probably due to thrombosis in the vascular 
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channels. Histologically, they are mesenchymal tumours with vascular 
channels lined by endothelial cells. Two subtypes are recognised:
• Type 1 consists of multiple small vascular channels with calcification 
and a fibrous stroma containing bile ductules.

• Type 2 consists of vascular channels with disorganised endothelial 
lining and there is no stroma containing bile ductules.
Haemangioendothelioma is generally managed conservatively, as 

spontaneous regression will usually occur. Intervention is required if 
the lesion becomes symptomatic or due to its size. Steroids have been 
used to induce regression, but they are not usually effective. Surgical 
resection provides cure and is the treatment of choice when feasible.

Mesenchymal hamartoma 
Mesenchymal hamartoma is a rare benign tumour of the liver that is 
more properly classified as a malformation. In the Western world, 
it accounts for only 6% of liver tumours in childhood and generally 
occurs between the ages of 1 to 2 years. The right lobe of the liver is 
almost always the site of involvement (Figure 107.8).

Histologically, the lesion consists of an overgrowth of mesenchymal 
tissue with a marked tendency to cyst formation. This is reflected in 
the CT findings of a heterogenous, complex mass with multiple cystic 
spaces. The treatment is either marsupialisation of the cysts or surgical 
resection, which can be successfully done because the tumour is always 
confined to one lobe only.

All mesenchymal hamartomas are best treated by complete resection. 
Incomplete resection has been associated with the development 
of sarcoma.20 Infantile haemangiomas can be managed expectantly 
without biopsy if their imaging appearance is typical. Careful medical 
management, consisting of treatment of cardiac failure and occasionally 
hypothyroidism (due to expression of type 3 iodothyronine deiodinase 
in the tumour, resulting in consumption of thyroxine) is critical to a 
good outcome. 

Liver cysts
Nonparasitic cysts of the liver may be simple cysts or part of the spectrum 
of polycystic disease (Figure 107.9). Simple cysts are usually incidental 
findings and are generally single. They vary in size from small lesions to 
very large ones that occupy the whole lobe of the liver. The wall is thin 
and composed of mature connective tissue. The treatment of large, symp-
tomatic simple liver cysts is surgical, as percutaneous aspiration is always 
associated with recurrence. Most cysts can be unroofed, leaving the 
interior open to the peritoneal cavity. This may be done laparoscopically 
with good results. It may sometimes be necessary to carry out hepatic 
resection if the cyst is very large and occupies the whole lobe of the liver.

The cysts of Caroli’s disease arise from the intrahepatic biliary ducts 
and are filled with bile. They may involve a single lobe, in which case 
hepatic resection is the treatment of choice. However, both lobes of the 
liver may also be involved, and transplantation is then the only possible 
mode of treatment. 

Polycystic liver disease is associated with polycystic kidney disease 
in 50% of cases. The cysts may be diffuse throughout the liver or may 
occupy one lobe. The hepatic parenchyma between the cysts is normal 
and liver function is well preserved.

Liver abscesses may present as cystic lesions, or an infected cyst 
may subsequently appear as an abscess. The aetiology may be pyogenic 
or amoebic. Pyogenic abscess is usually secondary to infection from the 
biliary tract. It may sometimes be associated with immune deficiency 
states, especially chronic granulomatous disease. Rarely, tuberculous 
abscess of the liver may occur without any evidence of lung disease. 

Amoebic abscess is endemic in certain parts of Africa and Asia. 
The parasite enters the portal venous channels through the intestine and 
lodges in the liver, causing abscess formation.

Simple liver cysts can be treated expectantly unless they are large or 
symptomatic, in which case they should be treated by resection if possible 

Figure 107.8: Mesenchymal harmatoma.

Figure 107.9: Liver cyst.

or by aspiration, sclerotherapy or fenestration as circumstances permit.21

Focal nodular hyperplasia
FNH represents a localised proliferation of hepatocytes in response to 
a vascular malformation. It is the second most common benign tumour 
of the liver, accounting for 8% of the lesions seen; it has a predilec-
tion for females. The lesions usually present as solitary, well-defined 
nodules, and the characteristic feature is the presence of a central scar 
with radiating fibrous septa. Bile duct proliferation is seen on histology.

Two types of FNH have been described: 
• Classic (80%) contains all three components: abnormal nodular 
architecture, malformed vessels, and cholangiolar proliferation.

• Nonclassic (20%) contains two of the three components of the classic 
type but always includes bile duct proliferation and is further subdi-
vided into three subtypes: telangiectatic FNH, FNH with cytologic 
atypia, and mixed hyperplastic and adenomatous FNH.
Clinically, most FNHs are asymptomatic and are discovered during 

routine scanning. They can, however, present with abdominal pain and 
with a palpable mass. Although oral contraceptives do not cause these 
lesions, they may aggravate them and precipitate complications such as 
infarction and bleeding.

The diagnosis can be made on imaging studies when the characteristic 
central scar with a stellate appearance is seen. Unfortunately, a positive 
diagnosis can be achieved in only two-thirds of the patients, and 
other lesions (particularly hepatocellular carcinoma) can mimic the 
appearance on scans. It is therefore advisable that in all cases where 
the diagnosis is not clear and in patients who are symptomatic, surgical 
exploration and biopsy or resection of the affected area should be 
carried out. 

Hepatic adenoma
Hepatic adenoma is a rare, benign tumour arising from liver cells. It 
most often occurs in young women and is associated with the use of 
oral contraceptives. The lesions are generally solitary (80%) but may 
be multiple (20%). Histologically, the tumour is composed of sheets of 
hepatocytes containing fat and glycogen with an absence of bile ducts 
and portal tracts. These lesions have a propensity to rupture and bleed 
and may rarely also undergo malignant transformation to hepatocel-
lular carcinoma.



628 Liver Tumours

The diagnosis in the Western experience is made on the history and 
imaging findings on CT and gadolinium-enhanced MRI. Typically, 
adenomas show arterial phase enhancement and the presence of fat and 
haemorrhage. Nuclear medicine studies are also helpful.

Surgical exploration is advised in all cases due to the risk 
of haemorrhage. Withdrawal of oral contraceptive use does not 
lead to regression of the lesions. Solitary lesions are managed by 
localised resections. Multiple lesions may require biopsy and follow-
up evaluation.

Other benign tumours
Some tumours, most recently described as the diffuse type,22 are large, 
occupying almost the entire liver (Figure 107.10); these will require 
systemic steroid or alpha-2A-interferon therapy. In life-threatening 
circumstances, hepatic artery embolisation (or ligation at open opera-
tion) can show dramatic results. Adenomas of the liver are considered 
premalignant and should be resected where possible. Patients with FNH 
should be treated expectantly because this condition has no premalig-
nant potential.

Figure 107.10: Typical CT scan appearance of large, diffuse infantile hepatic 
haemangioma, typical of the type associated with cardiac failure, coagulopathy, 
and life threat.

Management
Work-up should be expeditious, and children should be aggressively 
nutritionally supported, particularly in neglected cases. Treatment 
depends on the suspected histological type of the tumour (see Table 
107.2), its resectability, the presence of metastatic or extrahepatic 
spread, and the general condition of the patient, including the presence 
or absence of cirrhosis. Social factors, such as parental compliance, 
concordance of beliefs with respect to the cause of illness, and access to 
medical services, need to be assessed. In some cases, these factors will 
sadly mitigate against any attempt at curative treatment. 
Biopsy
The role of biopsy is somewhat controversial. For patients with a typi-
cal clinical picture of HB (between 6 months to 3 years of age, elevated 
AFP more than three times the normal for age, and perhaps fever and 
thrombocytosis), chemotherapy can usually be started without biopsy 
confirmation,23 although not all units follow this approach. All other 
patients must be submitted to histological biopsy, either by submission 
of the completed resection specimen if the tumour is deemed safely 
resectable, or by a percutaneous, laparoscopically guided, or open 
biopsy at laparotomy. A core-cutting (Trucut®) needle usually gives 
adequate tissue for the pathologist to make an accurate assessment. It is 
very important for the clinician to liase closely with the pathologist if 
there is any doubt as to the diagnosis. A serious pitfall of management 

is to falsely assume one kind of pathology and to treat incorrectly. A 
typical example is the management of HB in a young infant or neonate 
as a presumed haemangioma.
Surgery
Liver surgery is a major undertaking and requires a specialist team for 
both the intraoperative and postoperative care of the patient. Thorough 
preoperative evaluation using appropriate imaging studies is carried out 
to plan the surgery. The abdomen is opened through an upper transverse 
or bilateral subcostal incision. Special retractors are available that are 
clamped to the sides of the operating table and hold the blades to retract 
the costal margins. The liver is mobilised by dividing the falciform 
and both triangular ligaments (Figure 107.11). The line of resection is 
then marked on the surface, and division of the hepatic paenchyma is 
started. This can be done in several ways: finger fracture, crushing with 
clamps, bipolar diathermy, LigaSure™, harmonic scalpel, or Cavitron® 
ultrasonic surgical aspirator (CUSA®). As the division proceeds, the 
vessels need to be controlled with coagulation or ligatures. The proce-
dure can be made easier by vascular control. Usually, only portal triad 
occlusion with a clamp that controls hepatic artery and portal venous 
inflow into the liver is all that is required. The clamp must be released 
after 30 minutes, and then it may be reapplied after a short interval. The 
operation should be completed by that time to avoid ischaemic damage 
to the liver. With very large or vascular tumours, particularly in the right 
lobe, it may be necessary to obtain total vascular control by clamping 
the suprahepatic and infrahepatic vena cava as well. Bleeding from the 
cut surface can also be reduced by keeping the central venous pressure 
low. At the end of the procedure, the cut surface is sealed with fibrin 
glue, and the right subhepatic space is drained (Figure 107.12).

Figure 107.11: Operative view of right lobe hepatoblastoma.

Figure 107.12: Cross section of the tumour from Figure 107.11.

Resection Techniques
Liver resection surgery should always be performed by a surgeon with 
operative experience with the liver and a thorough knowledge of its 
segmental anatomy. Before embarking on any liver resection, it is vital-
ly important to assemble the required personnel and facilities as these 
are not universally available in developing countries (see the checklist 
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in Table 107.3). The most important facilitator of surgical safety and 
comfort is good exposure. Optical magnification in the form of 2.5 to 
3.5 loupes is essential. A headlight illuminates the darker corners and 
enhances safety. The bilateral subcostal incision affords excellent expo-
sure, and when combined with a strong mechanical retractor such as a 
Thompson retractor, usually suffices without the necessity for a midline 
extension except in older children with narrow subcostal angles. On 
entering the abdomen, a routine inspection of the abdominal cavity and 
assessment of extrahepatic spread is performed. The liver should be 
completely mobilised, allowing access and slinging of the inferior vena 
cava both above (subdiaphragmatically) and below the liver and to the 
hepatoduodenal ligament. Although the “Pringle manoeuvre” should be 
avoided, if possible, to ensure normal liver function and production of 
coagulation factors during the procedure, it is best to have it exposed 
preemptively in the event that it is required.

Surgical 
equipment

Personnel and 
facilities

Drugs, blood, pumps

Vascular 
instruments

Mechanical 
retractor

Optical 
magnification

Electrocautery

Sutures

Parenchymal 
dividers 

Argon beam

Topical 
haemostatic 
agents

Experienced 
anaesthetist 

Able first assistant

Able scrub nursing 
team

Postoperative intensive 
care unit (ICU)

Warming device

Intraoperative 
ultrasound

Pathologist

Good venous access

Packed cells and fresh frozen 
plasma (FFP)

Blood pumps

Infusion pumps for inotropes

Table 107.3: Checklist of essential equipment, personnel, and drugs for liver resection

Most resections are best carried out anatomically. This has the 
advantage of minimising blood loss, injury to biliary structures, and 
inadequate resections leaving a residual tumour.11 Hilar dissection 
prior to parenchymal transection facilitates the performance of major 
resections by determining the anatomical location of vital structures 
providing inflow and bile drainage from the liver remnant. It is not 
necessary to perform cholangiography routinely.

A slightly head-down position lowers the inferior vena caval venous 
pressure, minimising bleeding, and facilitates venous return, optimising 
the patient’s haemodynamic stability. The line of transection is marked 
on the liver capsule with electrocautery. An almost bloodless field 
can be achieved by the placement of pledgeted sutures through the 
hepatic parenchyma prior to starting division.24 If this is not possible in 
larger tumours, then the first assistant can usually achieve very useful 
bimanual liver compression, which provides haemostasis as well as 
stabilising and exposing the plane of transection. 

Parenchymal division can be safely achieved by a number of 
techniques, according to the availability of specialised equipment or 
the surgeon’s individual preference. Instruments such as the ultrasonic 
dissector, LigaSure, harmonic scalpel, and TissueLink™ are useful 
adjuncts to a good operation, but safe transection of the parenchyma 
can be achieved by the use of electrocautery alone in most cases. 
Large veins (both portal and hepatic) will be encountered periodically 
and are best suture ligated, or clipped with a clip applicator. For this 
purpose, the LigaSure certainly facilitates an easier and safer division 
of such vessels. Transecting the parenchyma in the direction of the 

inferior liver margin up towards the hepatic veins is preferred because 
it allows for maximal exposure (towards the end of tissue transection) 
of the most dangerous area of the procedure at the hepatic veins. These 
veins are most commonly suture ligated with a polypropylene suture. 
Raw surface bleeding can be managed by a combination of suture, 
electrocautery, argon beam laser (if available), or various topical 
haemostatic agents. The liver bed is always drained by an active suction 
drain, as it is an area of negative pressure.

Postoperative Complications
A vast number of complications can potentially occur following major 
liver resection. Among the most important and specific to the opera-
tion are postoperative haemorrhage and postoperative liver dysfunc-
tion due to an insult to an insufficient-sized liver remnant—the “small 
for size syndrome”. A safe remnant liver is usually considered to be 
>25% of the functional liver volume, or 0.8–1.0% of body mass. As 
long as that guideline is respected and there has not been a significant 
insult to the remnant, then this complication should occur very rarely.25 
Postoperative bleeding can usually be avoided by maintaining liver 
function by limiting periods of cross-clamping, judicious blood and 
product use, and maintenance of normal haematological parameters 
and meticulous haemostasis of all areas, including the liver raw surface. 

Other less dangerous but more common problems include bile 
leaks, prolonged ascitic drainage, pleural effusions, atelectasis, and 
pulmonary infections. These can be managed on their merits. Limiting 
the use of postoperative ventilation can dramatically reduce pulmonary 
complications and is safe if used with discretion.

Prognosis and Outcomes
The prognosis for benign tumours is excellent overall. The two 

exceptions to this rule are large mesenchymal hamartomas and infantile 
haemangiomas. Children with large central mesenchymal hamartomas 
(Figure 107.13) present a specific challenge; these can be resected with 
innovative nonanatomic resections and by a technique of dissection 
in the immediate peritumoural plane in order to avoid injury to major 
portal or venous structures.5 Concerns about malignant transformation 
of the residual tumour should not override safety concerns. Multimodal 
therapy combined with medical treatment and embolotherapy or hepatic 
artery ligation of the infant with diffuse haemangioma have improved 
the outcomes for these infants as well. Whereas transplantation has 
been used in that scenario in the developed world,26 it will rarely be 
feasible on the African continent, even in transplant centres.

	  
Figure 107.13: Intraoperative appearance of central mesenchymal hamartoma 
in a 2-year-old child.
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Prevention
Immunisation against hepatitis B provides a wonderful opportunity for 
the prevention of hepatocellular carcinoma in childhood. For example, 
compulsory hepatitis B immunisation commenced in the United States 
in 1992,27 and it has been predicted that deaths in children due to 
hepatitis B could be decreased by 80% as a result of effective vaccine 
programs.28 Within the last few years, many African countries have 
commenced hepatitis B immunisation programs.29,30 Although some 
encouraging reports of declining hepatocellular carcinoma incidence 
are emerging, the full benefit will probably not be seen until the next 
decade. 

Hepatocellular carcinomas are well known to be associated with 
diseases such as biliary atresia, hereditary tyrosinaemia type I, 
progressive familial intrahepatic cholestasis (PFIC), Alagille syndrome, 
and other causes of cirrhosis in children.31 Although these patients 
probably represent only a small percentage of tumours in African 
children, it is important that they are provided surveillance in 
appropriately staffed and funded units. 

With the mainly unchecked progression of the HIV epidemic in 
many countries on the African continent, the upsurge of Kaposi sarcoma 
contributing to the malignant tumour burden of African children is to 
be expected.1 The management of this epidemic should be accorded top 
priority to prevent the millions of deaths occurring annually in children 
and to contribute to improving the quality of life of these children.

Ethical Considerations
In most instances, the treatment of children with liver tumours follows 
the lines of maximum effort (with available resources) to help the 
patient with the presumption of beneficence (i.e., that the patient will 
benefit from the treatment). The treatment of patients with advanced 
and unresectable hepatocellular carcinoma certainly falls within the 
ambit of futile treatment. This term is used advisedly, as no care (such 
as the provision of analgesia, tapping ascitic collections) is futile, but no 
heroic measures should be adopted in the oncologic treatment of these 
children. Similar considerations exist in the patient with AIDS who 
presents with an aggressive malignant vascular tumour. 

A controversial and difficult circumstance arises when treatment by 
transplant would be advisable but the child and the family are deemed 
unsuitable due to either geographic, educational, or financial reasons, or 
are expected not to adhere to the rigorous posttransplant treatment and 
surveillance strategies. This scenario occurs not uncommonly, and the 
usual outcome is exclusion of the child from access to such treatment. 
The harsh realities of transplantation in the developing world often 
offer no other solution.

Table 107.4: Evidence-based research.

Table 107.5: Evidence-based research.

Title Malignant liver tumors in South African children: a national audit

Authors Moore SW, Davidson A, Hadley GP, Kruger M, Poole J, 
Stones D, Wainwright L, Wessels G

Institution Multiinstitutional in South Africa—children’s cancer registry data

Reference World J Surg 2008; 32(7):1389–1395

Problem Epidemiology and outcomes of treatment in South Africa for 
malignant tumours.

Intervention Collation of registry data.

Comparison/
control 
(quality of 
evidence)

Observational study.

Outcome/ 
effect

Showed different patterns of disease.

Historical 
significance/ 
comments

This is the largest registry-based study of malignant 
liver tumours in Africa and provides unique insights into 
the problem of malignant disease in an area with high 
seroprevalence of HIV and hepatitis B.

Title Management of liver tumors in childhood

Authors Von Schweinitz D

Institution Paediatric surgery clinic, University of Munich, Germany

Reference Semin Pediatr Surg 2006; 15(1):17–24

Problem Review of management of liver tumours in children.

Intervention Review.

Outcome/ 
effect

Education.

Historical 
significance/ 
comments

An excellent review of the current state of the art from a 
developed country.

Evidence-Based Research
Table 107.4 presents an observational study of different patterns of 
disease in malignant liver tumours based on African children’s cancer 
registry data. Table 107.5 presents a review of the current state of the 
art in management of liver tumours in children in Germany.

1. The prevalence of liver tumours related to infection with HIV 
and hepatitis B, the Kaposi sarcoma, and hepatocellular 
carcinoma is higher in African children than in the Western 
world, with poor prognosis.

2. The most common presentation is an enlarging abdominal 
mass, but practitioners should be wary of the other modes of 
presentation.

3. Carefully performed work-up with haematological investigation 
as well as good-quality imaging are the critical first steps in 
evaluation. 

4. Many patients with advanced multicentric hepatocellular 
carcinoma as well as patients who have terminal AIDS and 
aggressive malignant vascular tumours are best treated by 
palliation.

5. Good results can be achieved by combining good-quality 
surgery with multimodal treatment for hepatoblastoma, and for 
sarcomas even in partially resource-deprived communities.

6. Prevention by promoting hepatitis vaccination programs and 
encouraging specific treatment and support for patients with 
HIV infection are critical.

Key Summary Points



 Liver Tumours 631

1. Moore SW, Davidson A, Hadley GP, et al. Malignant liver tumors 
in South African children: a national audit. World J.Surg 2008; 
32(7):1389–1395.

2. Darbari A, Sabin KM, Shapiro CN, Schwarz KB. Epidemiology of 
primary hepatic malignancies in US children. Hepatology 2003; 
38(3):560–566.

3. McLaughlin CC, Baptiste MS, Schymura MJ, Nasca PC, Zdeb MS. 
Maternal and infant birth characteristics and hepatoblastoma. Am J 
Epidemiol 2006; 163(9):818–828.

4. Kew MC. Prevention of hepatocellular carcinoma. HPB (Oxford); 
2005; 7(1):16–25.

5. Hadley GP, Govender D, Landers G. Primary tumours of the 
liver in children: an African perspective. Pediatr Surg Int 2004; 
20(5):314–318.

6. Czauderna P. Adult type vs childhood hepatocellular carcinoma—
are they the same or different lesions? Biology, natural history, 
prognosis, and treatment. Med Pediatr Oncol 2002; 39(5):519–
523.

7. Isaacs H Jr. Fetal and neonatal hepatic tumors. J Pediatr Surg 
2007; 42(11):1797–1803.

8. Catanzarite V, Hilfiker M, Daneshmand S, Willert J. Prenatal 
diagnosis of fetal hepatoblastoma: case report and review of the 
literature. J Ultrasound Med 2008; 27(7):1095–1098.

9. Hall G W. Kasabach-Merritt syndrome: pathogenesis and 
management. Br J Haematol 2001; 112(4):851–862.

10. Bader D, Riskin A, Vafsi O, et al. Alpha-fetoprotein in the early 
neonatal period—a large study and review of the literature. Clin 
Chim Acta 2004; 349(1–2):15–23.

11. Von Schweinitz D. Management of liver tumors in childhood. 
Semin Pediatr Surg 2006; 15(1):17–24.

12. Roebuck DJ, Aronson D, Clapuyt P, et al. 2005 PRETEXT: a 
revised staging system for primary malignant liver tumours of 
childhood developed by the SIOPEL group. Pediatr Radiol 2007; 
37(2):123–132.

13. Perilongo G, Shafford E, Maibach R, et al. Risk-adapted treatment 
for childhood hepatoblastoma. Final report of the second study of 
the International Society of Paediatric Oncology—SIOPEL 2. Eur J 
Cancer 2004; 40(3):411–421.

14. Otte JB, Pritchard J, Aronson DC, et al. Liver transplantation for 
hepatoblastoma: results from the International Society of Pediatric 
Oncology (SIOP) study SIOPEL-1 and review of the world 
experience. Pediatr Blood Cancer 2004; 42(1):74–83.

15. Czauderna P, Otte JB, Aronson DC, et al. Guidelines for 
surgical treatment of hepatoblastoma in the modern era—
recommendations from the Childhood Liver Tumour Strategy 
Group of the International Society of Paediatric Oncology 
(SIOPEL). Eur J Cancer 2005; 41(7):1031–1036.

16. Moore SW, Millar AJ, Hadley GP, et al. Hepatocellular carcinoma 
and liver tumors in South African children: a case for increased 
prevalence. Cancer 2004; 101(3):642–649.

References

17. Chowdhary SK, Trehan A, Das A, Marwaha RK, Rao KL. 
Undifferentiated embryonal sarcoma in children: beware of the 
solitary liver cyst. J Pediatr Surg 2004; 39(1):E9–E12.

18. Charfi S, Ayadi L, Toumi N, et al. Cystic undifferentiated sarcoma 
of liver in children: a pitfall diagnosis in endemic hydatidosis areas. 
J Pediatr Surg 2008; 43(6):E1–E4.

19. Bisogno G, Pilz T, Perilongo G, et al. Undifferentiated sarcoma of 
the liver in childhood: a curable disease. Cancer 2002; 94(1):252–-
257.

20. Stringer MD, Alizai NK. Mesenchymal hamartoma of the liver: a 
systematic review. J Pediatr Surg 2005; 40(11):1681–1690.

21. Rogers TN, Woodley H, Ramsden W, Wyatt JI, Stringer MD. 
Solitary liver cysts in children: not always so simple. J Pediatr Surg 
2007; 42(2):333–339.

22. Christison-Lagay ER, Burrows PE, Alomari A, et al. Hepatic 
hemangiomas: subtype classification and development of a clinical 
practice algorithm and registry. J Pediatr Surg 2007; 42(1):62–67.

23. Von Schweinitz D, Burger D, Mildenberger H. Is laparatomy the 
first step in treatment of childhood liver tumors?—the experience 
from the German Cooperative Pediatric Liver Tumor Study HB-89. 
Eur J Pediatr Surg 1994; 4(2):82–86.

24. Sandler A, Kimura K, Soper R. Nonanatomic hepatic resection with 
a pledgetted suturing technique. J Pediatr Surg 2001; 36(1):209–
212.

25. Yigitler C, Farges O, Kianmanesh R, Regimbeau JM, Abdalla EK, 
Belghiti J. The small remnant liver after major liver resection: how 
common and how relevant? Liver Transpl 2003; 9(9):S18–S25.

26. Nudo CG, Yoshida EM, Bain VG, et al. Liver transplantation 
for hepatic epithelioid hemangioendothelioma: the Canadian 
multicentre experience. Can J Gastroenterol 2008; 22(10):821–
824.

27. Goldstein ST, Alter MJ, Williams IT, et al. Incidence and risk factors 
for acute hepatitis B in the United States, 1982–1998: implications 
for vaccination programs. J Infect Dis 2002; 185(6):713–719.

28. Goldstein ST, Zhou F, Hadler SC, Bell BP, Mast EE, Margolis HS. A 
mathematical model to estimate global hepatitis B disease burden 
and vaccination impact, Int J Epidemiol 2005; 34(6):1329–1339.

29. Shatat H, Kotkat A, Farghaly A, Omar S, Zayton S. A study of 
hepatitis B vaccine efficacy 10 years after compulsory vaccination 
in Egypt. J Egypt Public Health Assoc 2005; 80(5–6):495–508.

30. Viviani S, Carrieri P, Bah E, et al. 20 years into the Gambia 
Hepatitis Intervention Study: assessment of initial hypotheses and 
prospects for evaluation of protective effectiveness against liver 
cancer. Cancer Epidemiol Biomarkers Prev 2008; 17(11):3216–
3223.

31. Finegold MJ, Egler RA, Goss JA, Guillerman RP, Karpen 
SJ, Krishnamurthy R, O’Mahony CA. Liver tumors: pediatric 
population. Liver Transpl 2008; 14(11):1545–1556.

Awan S, Davenport M, Portmann B, et al. Angiosarcoma of the liver in 
children. J Pediatr Surg 1996; 31:1729–1732.

Burrows PE, Dubois J, Kassarjian A. Pediatric hepatic vascular 
anomalies. Pediatr Radiol 2001; 31:533–545.

Chen JC, Chang ML, Lin JN, et al. Comparison of childhood hepatic 
malignancies in a hepatitis B hyper-endemic area. World J 
Gastroenterol 2005; 11:5289–5294.

Suggested Reading

Czauderna P, Otte JB, Aronson DC, et al. Guidelines for 
surgical treatment of hepatoblastoma in the modern era—
recommendations from the Childhood Liver Tumour Strategy 
Group of the International Society of Paediatric Oncology 
(SIOPEL). Eur J Cancer 2005; 41:1031–1036.

Czauderna P, Otte JB, Roebuck DJ, et al. Surgical treatment of 
hepatoblastoma in children. Pediatr Radiol 2006; 36:187–191.



632 Liver Tumours

Otte JB, de Ville de Goyet J, Reding R. Liver transplantation for 
hepatoblastoma: indications and contraindications in the modern 
era. Pediatr Transplant 2005; 9:557–565.

Pritchard J, Brown J, Shafford E, et al. Cisplatin, doxorubicin, and 
delayed surgery for childhood hepatoblastoma: A successful 
approach—results of the first prospective study of the International 
Society of Pediatric Oncology. J Clin Oncol 2000; 18:3819–3828.

Prokurat A, Kluge P, Chrupek M, et al. Hemangioma of the liver 
in children: proliferating vascular tumor or congenital vascular 
malformation. Med Pediatr Oncol 2002; 39:524–529.

Roebuck DJ, Aronson D, Clapuyt P, et al. 2005 PRETEXT: A revised 
staging system for primary malignant liver tumours of childhood 
developed by the SIOPEL group. Pediatr Radiol 2007; 37:123–132.

Selby DM, Stocker JT, Waclawiw MA, et al. Infantile 
hemangioendothelioma of the liver. Hepatology 1994; 20:39–45.

Siddiqui MA, McKenna BJ. Hepatic mesenchymal hamartoma: a 
short review. Arch Pathol Lab Med 2006; 130:1567–1569.

Tiao GM, Bobey N, Allen S, et al. The current management of 
hepatoblastoma: a combination of chemotherapy, conventional 
resection, and liver transplantation. J Pediatr 2005; 146:204–211.

Tomlinson GE, Douglas EC, Pollock BH, et al. Cytogenetic evaluation 
of a large series of hepatoblastomas: numerical abnormalities with 
recurring aberrations involving 1q12-q21. Genes Chromosomes 
Cancer 2005; 44:177–184.

Van Tornout JM, Buckley JD, Quinn JJ, et al. Timing and magnitude 
of decline in alpha-fetoprotein levels in treated children with 
unresectable or matastastic hepatoblastoma are predictors of 
outcome: a report from the Children’s Cancer Group. J Clin Oncol 
1997; 15:1190–1197.



CHAPTER 108
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Cartilage-forming tumours

Benign: Enchondroma;* osteochondroma;* periosteal 
chondroma; chondroblastoma;* 
chondromyxoid fibroma*

Malignant: Chondrosarcoma: conventional; juxtacortical; 
mesenchymal;* dedifferentiated; clear cell

Bone-forming tumours

Benign: Osteoma, osteoid osteoma,* osteoblastoma*

Malignant: Osteosarcoma: intramedullary* (conventional; 
telangiectatic; small cell; well differentiated); 
surface (parosteal; periosteal; high grade 
surface)

Fibrous/fibrohistiocytic tumours

Benign: Nonossifying fibroma;* desmoplastic 
fibroma;* myofibromatosis;* benign fibrous 
histiocytoma

Malignant: Fibrosarcoma/malignant fibrous histiocytoma

Ewing’s sarcoma/primitive neuroectodermal tumour of bone*

Giant cell tumours of bone

Giant cell tumour of bone; giant cell reparative 
granuloma (GCRG) of jaw*; GCRG small 
bones*

Vascular tumours

Benign: Haemangioma*; lymphangioma; glomus 
tumour; angiomatosis;* Gorham-Stout 
disease*

Malignant: Haemangiopericytoma; 
haemangioendothelioma; angiosarcoma

Other primary tumours

Smooth muscle tumours
Lipogenic tumours
Neural tumours
Chordoma
Adamantinoma of long bone

Miscellaneous tumour-like lesions

Simple bone cyst*
Aneurysmal bone cyst*
Fibrous dysplasia*
Fibrocartilaginous dysplasia*
Osteofibrous dysplasia*
Langerhans cell histiocytosis*
Mesenchymal hamartoma of chest wall*

Joint lesions

Synovial chondromatosis

Table 108.1: WHO classification of bone tumours.Introduction
Bone tumours in childhood cause considerable anxiety to both the 
affected child and the parents. They may present with vague symp-
toms or a fracture and can easily be confused with osteomyelitis or 
some tumour-like lesions that may be developmental in origin. Benign 
lesions account for 50% of all bone lesions; some may be large enough 
to cause significant disability. Primary malignant tumours of the bone 
make up for 6% of all childhood malignancies1 and are indeed the most 
common malignancy of adolescence after leukaemias and lymphomas. 
Overall diagnosis depends on factors such as age of patient, site of 
lesion, imaging (plain x-rays, computed tomography (CT), nuclear 
studies, magnetic resonance imaging (MRI)), and, if possible, the his-
topathology and immunohistochemistry. Thus, a multidisciplinary team 
approach is vital to the diagnosis and management of bone tumours. 

The mainstay of treatment of benign lesions is surgery to limit 
disability, with reconstruction as needed. As chemotherapy has become 
more advanced with fewer side effects, the focus of treatment of bone 
malignancies has changed from surgery to neoadjuvant chemotherapy 
followed by wide excision and then chemotherapy or radiotherapy as 
appropriate. 

The aim of this chapter is to acquaint the reader with the common 
lesions of the bone,2 and the differential diagnosis, investigations, 
and management of the common malignancies. For simplicity in this 
chapter, the demographics, pathophysiology, clinical presentation, 
investigations, prognosis, and outcomes are listed together, and 
management of individual lesions is described separately. 

Classification of Bone Tumours
Bone tumours are primarily classified according to the type of tissue 
they produce. Hence, they may be osteogenic, chondrogenic, etc. The 
World Health Organization (WHO) classification (Table 108.1) is 
extensive. The tumours that affect children and adolescents are marked 
with an asterisk (*) in the table.

Demographics
The common benign tumours of childhood are osteochondroma, 
enchondroma, osteoid osteoma, osteoblastoma, chondroblastoma, and 
haemangioma. In addition, tumour-like lesions such as nonossifying 
fibroma, simple bone cyst, and fibrous dysplasia are also common in the 
developing child. Primary bone malignancies are rare, however, with 
osteosarcoma (54%) and Ewing’s sarcoma (34%) being the most com-
mon.1 The overall age-adjusted incidence of bone malignancy increases 
with age and peaks at 20 cases per million at 15–19 years of age. 

In North America, the overall incidence rate among caucasian 
American children was 8.8 per million compared with 6.8 per 
million for African American children. This racial difference is further 
highlighted as the two tumour types are compared1 (Figure 108.1). The 
reason for this difference is not known. Males have a slightly higher and 
delayed peak of incidence of osteosarcoma compared to females, which 
correlates to their relative rates of growth.

* Childhood tumours
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Small tubular bones Enchondroma
Periosteal chondroma
Osteoid osteoma
Osteoblastoma
Giant cell reparative granuloma

Long tubular bones Most primary benign and malignant 
bone tumours and tumour-like 
lesions

Metastasis (e.g., neuroblastoma)

Ribs/sternum Benign/malignant cartilage tumours
Fibrous dysplasia
Mesenchymal hamartoma of the chest 
wall
Eosinophilic granuloma
Metastasis

Spine Aneurysmal bone cyst
Osteoblastoma
Osteoid osteoma
Haemangioma
Metastasis

Skull/facial bones Fibrous dysplasia
“Fibro-osseous lesions” of the jaw
Osteoma
Giant cell reparative granuloma
Haemangioma
Eosinophilic granuloma
Osteosarcoma
Mesenchymal chondrosarcoma
Metastasis

Pelvis Osteochondroma
Chondrosarcoma
Ewing’s sarcoma
Metastasis

Table 108.2: Distribution of common bone tumours according to site.

Pathophysiology
To date, no causative factors for bone tumours are known in general. 
However, associations have been found between osteosarcoma and 
retinoblastoma, osteosarcoma and Li-Fraumeni syndrome, and enchon-
droma and soft tissue and skin haemangiomas (Maffucci syndrome). 
These associations are uncommon, and the majority of tumours are 
isolated. A distinct feature of bone tumours is that many may be mul-
tiple in nature at the time of presentation (i.e., synchronous), such as 
osteosarcoma, Ewing’s sarcoma, fibrous dysplasia (not a neoplasia), 
and enchondromatosis.3 Another feature typical of bone tumours is that 
they have a predilection for certain bones and certain locations within 
the bones4 (Table 108.2). 

	  
Source: United States Surveillance, Epidemiology and End Results (SEER) Program, 1975–
1995. National Cancer Institute, 1999.

Figure 108.1: Age-adjusted incidence rates of bone tumours showing a 
remarkable dip in Ewing’s sarcoma in the African American population

Presentation
History
Usually a child presents with nonspecific symptoms, such as limping, 
weakness, oedema of an extremity, or swelling of an associated joint, 
all of which make the diagnosis confusing. Pain is the most common 
symptom, and 50% of all malignancies are associated with minor 
trauma. Bone pain is typically dull, constant, severe at rest, and worse 
in the night. Fever may be present in Ewing’s sarcoma, which is often 
confused with osteomyelitis.
Physical Examination
A swelling or mass is frequently present; however, lesions in the pel-
vis may be obscure. There may be venous engorgement or peripheral 
oedema, which points towards a malignancy. Benign lesions may cause 
a deformity or fracture. 

Investigations
Blood investigations may show anaemia, a high erythrocyte sedimen-
tation rate, and a high white cell count. Serum alkaline phosphatase 
and lactate dehydrogenase may be higher and associated with a poorer 
prognosis in malignancy.5 

Primary radiological investigations may be inconclusive or confusing, 
and special or oblique view x-rays or CT may be needed. A high index 
of suspicion and careful review of radiology is adequate to pick up most 
malignancies. Multiple lesions may be present in multifocal osteosarcoma, 
and multiple primary lesions in Ewing’s sarcoma or osteomyelitis apart 
from secondary malignancies. Hence, biopsy or further imaging may be 
necessary in the form of MRI or bone scintigraphy.
X-rays
Some features on a plain radiograph assist in differentiating benign 
from malignant lesions4 (Table 108.3).

Feature Benign Malignant

Periosteal reaction Variable Common

Margin of lesion/zone
of transition

Well-defined and 
sclerotic

Poorly defined

Cortical destruction Rare May be present

Pattern of osteolysis Geographic Expansile, moth-eaten, 
permeative

Soft tissue involvement Variable Common

Size Variable Usually extensive

Multiple lesions Unlikely May be present especially 
around the primary

Involvement of joint Unlikely Effusion may be present

Table 108.3: Radiological features of benign and malignant bone tumours.

Computed Tomography
CT scans help in the diagnosis of bone tumours as well as planning 

of biopsy, surgery, and chemotherapy. Information is obtained at 
various levels. Local disease extent is defined, the nature of the tumour 
is classified, and the amount of soft tissue involvement can be judged. 
In addition, neurovascular structures can be studied around the tumour; 
this information aids in the plan for reconstruction of the limb. Also 
CT of the chest can detect pulmonary metastases <3 mm, which have a 
significant prognostic value.
Magnetic Resonance Imaging
MRI is now the gold standard investigation for bone tumours in the 
Western world, mainly for its ability to pick up marrow extension and 
delineate the level of surgery. Also multiplanar and three-dimensional 
(3D) imaging allows the surgeon to accurately choose between wide 
excision and amputation because it gives details on neurovascular bun-
dles, availability of soft tissue for cover, and it visualises skip metastases.
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Bone Scintigraphy
Nuclear medicine has a vast beneficial diagnostic advantage both in prima-
ry and secondary bone lesions. Tecnitium-99m (Tc-99m) labelled scans are 
widely used in the Western world for identifying synchronous tumours as 
well as metastases of primary bone malignancies. Combined with CT, bone 
scintigraphy is a good tool to manage most primary bone malignancies.

Management
Great strides have been made in the past two to three decades in the 
management and survival of children with malignant bone tumours. 
This is attributable to worldwide unity in conducting research due to 
low numbers of malignant bone tumours in individual centres. 3D 
radiological investigations, advances in pathological understanding of 
tumours and their origins, newer chemotherapeutic agents, better recon-
structive surgery, and a multidisciplinary approach have all contributed.

Staging
The Musculoskeletal Tumour Society staging system6 (Table 108.4), 
originally developed by Enneking, depends on the tumour’s histologi-
cal grade, local extent, and metastasis.

Stage Grade Local extent Metastasis

IA Low Intraompartmental None

IB Low Extraxcompartmental None

IIA High Intraompartmental None

IIB High Extraxcompartmental None

III Any Any Present

Table 108.4: Musculoskeletal Tumour Society staging system.

The significance of staging for malignant tumours is as follows:
• Stage IA tumours are treated with wide excision and are usually 
amenable to limb salvage procedures.

• Stage IB tumours may be treated with wide excision, but the choice 
between amputation and limb salvage depends on the estimated 
amount of residual tumour left behind after a limb salvage procedure.

• Stage II tumours are high grade, are usually extracompartmental, and 
have significant risks for skip metastases. They usually are not ame-
nable to limb salvage operations and require radical amputation or 
disarticulation in most patients. However, bone tumours responsive 
to chemotherapy may be treated successfully by using wide excision 
and adjuvant therapy.

• Stage III tumours are responsive to chemotherapy and may be treated 
with aggressive resection. Those that are not responsive to adjuvant 
therapy should be treated with palliative resection.

Individual Tumours
Benign
Osteochondroma
Osteochondroma is a cartilage-capped bony outgrowth arising from 
the external surface of a bone. It is the most common benign bone 
tumour, accounting for almost 60% of all bone tumours. A lesion may 
be asymptomatic, and hence may not need any treatment except for 
careful observation.

Enchondroma
Enchondroma is a benign bone tumour. Radiologically, enchondroma is 
metaphyseal in location and does not have a soft tissue mass, periosteal 
reaction, or bone destruction, which differentiates it from chondrosarcoma. 

Osteoid osteoma
Osteoid osteoma is a benign tumour that occurs mostly in the second 
decade of life, affecting males at a rate twice that of females. It arises 

commonly in the femur and tibia, presenting with typical bone pain 
that is worse at night. X-rays show a radiolucent core with sclerotic 
margins, but this tumour is best seen on CT scan. Complete removal of 
the lesion is recommended with grafting and cementing.

Osteoblastoma
Osteoblastoma is an uncommon benign tumour in children slightly 
younger than those with osteoid osteoma. It may not have a sclerotic 
rim and may involve short bones as well. It may also have systemic 
symptoms such as fever and weight loss. A particular variety is aggres-
sive and can resemble low-grade osteosarcoma radiologically and 
pathologically. Careful follow-up is needed.

Nonossifying fibroma
Nonossifying fibroma is a common fibrohistiocytic lesion that may be 
large and involve the medulla of metaphyses. Radiologically, it is a lytic 
lesion with a well-defined sclerotic border. If symptomatic or vulner-
able to fracture, excision may be necessary.

Simple bone cyst
Although benign, a simple bone cyst has a tendency to recur as it affects 
the growth plate. It often presents as a metaphyseal fracture of tubular 
bones and hence needs excision. Radiologically, it is an osteolytic 
lesion with trabeculations. 
Fibrous Dysplasia
Fibrous dysplasia is a relatively common benign fibro-osseous lesion 
that is not a true neoplasm. It is thought to be developmental and is 
composed of fibrous tissue with irregular woven bone trabeculae. 
Radiologically, this lesion is well defined, with a ground-glass appear-
ance and a sclerotic rim. Surgical excision or curettage with care-
ful follow-ups is necessary because this lesion tends to recur often. 
Polyostotic fibrous dysplasia affects multiple bones and can be crip-
pling, even needing radiotherapy. A sarcomatous change to a fibrous, 
osteoid, or cartilage component may occur in this setting.
Malignant
Chondrosarcoma
Chondrosarcoma is the third most common primary bone malignancy. 
It can occur in the setting of a benign lesion, such as exostosis or 
enchondroma; also, it occurs in patients older than 30 years of age, 
compared to benign lesions that can occur in childhood. There may 
be cortical destruction or a soft tissue mass, which may be the only 
differentiating factor between a benign active lesion and a low-grade 
malignant chondrosarcoma. Histology shows chondrosarcoma can be 
clear cell, dedifferentiated, or mesenchymal in origin. The treatment of 
these lesions is primary surgical excision followed by chemotherapy for 
the mesenchymal variety and radiation for pain control.

Osteosarcoma
Classic high-grade osteosarcoma is a highly malignant osteoid-forming 
spindle cell sarcoma of the bone. It is the most common primary malig-
nant bone tumour in children and is the third most common malignant 
disease after leukaemia and lymphoma in adolescence. The incidence 
in Africa may be lower, however, due to underreporting, as shown in a 
large study in Nigeria.5 It is still a rare tumour, and there appears to be 
no race- or sex-related predominance in incidence. Prevalence is higher 
in patients affected with retinoblastoma (40% in bilateral disease)7 and 
those who have undergone radiation therapy or Paget’s disease (second-
ary osteosarcoma).

Osteosarcoma can occur in any bone, but is most common in 
the metaphyses of long bones (80–90% of tumours), with particular 
predilection for distal femoral metaphyses (35%), proximal tibial 
metaphyses (20%), and proximal humeral metaphyses (10%).5 Pain and 
swelling or mass are the most common presenting features, along with 
fever, weakness, and limping. Pelvic masses may be obscured.
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Investigations
Radiologically, osteosarcoma appears as a destructive lesion of a meta-
physic of a long bone, exhibiting mixed lytic and blastic areas (Figure 
108.2). There is cortical destruction and a wide transitional zone. There 
is often soft tissue involvement with irregular densities. At the margins 
there may be reactive periosteal bone formation forming Codman’s 
triangles, which are the mark of an aggressive destructive process.

	  
Figure 108.2: Osteosarcoma. X-rays (left panes) showing Codman’s triangles, 
soft tissue invasion, and cortical destruction. The CT scan (upper right pane) 
shows a similar picture and is superior in defining the extent of the tumour. 
Histopathology (lower right panes, a and b) shows osteoid-forming highly 
mitotic cells.

(x-rays, and, where available, CT, MRI, and bone scintigraphy); biopsy 
of the tumour; preoperative (neoadjuvant) chemotherapy; wide resec-
tion or amputation; and postoperative (adjuvant) chemotherapy.7 

The benefits of neoadjuvant chemotherapy are manifold. It prevents 
the development of resistant clones, especially in the setting of the rapid 
doubling time in osteosarcoma, and it kills microscopic metastases and 
shrinks the primary tumour-inducing necrosis. The degree of necrosis 
thus induced is an important prognostic marker for long-term survival. 
The drugs commonly used are doxorubicin, cisplatin, and high-dose 
methotrexate. Recently, ifosfamide has been used. 

Wide excision may be limb sparing and prevent morbidity; however, 
survival is not affected. Amputation may be particularly necessary 
in cases where tumour extent or grade are inadequately known, 
preoperative chemotherapy response is poor, or the surgical stump may 
not be adequate for prosthesis. Occasionally, reconstruction may be 
embarked upon by using allografts, metal prosthesis, or composites.
Prognosis
Concurrent to the improvement in strategy and introduction of neoad-
juvant chemotherapy, the 5-year survival rates for osteosarcoma have 
gone up to 60–80% in different series.8,9 In patients with apparent meta-
static disease prior to surgery the survival is much poorer, at 10–20%. 
If the pulmonary metastases can be resected, this figure can go up to 
40%.7,10 The factors that affect or predict prognosis are tumour necrosis 
after neoadjuvant chemotherapy and presence or absence of metastases 
at time of presentation. A larger tumour size, raised lactate dehydroge-
nase and alkaline phosphatase levels, and tumours located in the pelvis 
and proximal femur or humerus are poor prognostic signs.7 

In the future, antivascular growth factor antibodies and a vascular 
endothelial growth factor inhibitor may be beneficial as well as directed 
therapies against overexpressed tumour-related genes, such as Rb 
(retinoblastoma) gene and Her2/erb-2.

Ewing’s sarcoma
Ewing’s sarcoma is a malignant round-cell bone tumour of neuroec-
todermal origin. It accounts for 10% of all primary malignant bone 
tumours. Eighty percent of patients are younger than 20 years of age. 
This tumour is rare in Africa;11–13 however, it is discussed in detail here 
because it is still the second most common tumour, and is probably the 
most common for children younger than 5 years of age.

The Ewing’s sarcoma tumour presents usually in the lower limbs 
and pelvis, although it can occur in any bone. It belongs to a family 
of tumours of common neuroectodermal origin, along with primitive 
neuroectodermal tumour (PNET), atypical Ewing’s tumour, and Askin 
tumour. This confers susceptibility of these tumours to chemotherapy, 
with increased survival noted in the past few decades .

Ewing’s tumour frequently presents with a painful soft tissue mass 
and with fever, resembling osteomyelitis.
Investigations
Radiologically, Ewing’s sarcoma appears as a soft tissue mass eroding 
through bone, and hence it may be confused with an acute reactive pro-
cess or osteomyelitis. Indeed, a biopsy may show “pus”, and it is impor-
tant to send the biopsy material for histology or frozen section along 
with microbiology. Pathological fractures may occur. Rib involvement 
may cause malignant pleural effusion, and vertebral involvement may 
cause scoliosis due to the soft tissue mass. The primary tumour in the 
limbs may show a mottled, or “onion skin” appearance (Figure 108.3). 

 Special-view radiographs and a CT scan will help define the extent 
of the tumour as well as pulmonary metastases, if any. Bone scintigraphy 
may be particularly useful, as 10% patients may have multiple lesions. 
The scans are repeated after several cycles of chemotherapy; hence, 
MRI is more useful, especially in children.

Gross morphology shows a grey-white mass with extensive areas of 
necrosis and haemorrhage mimicking “pus formation”. Microscopically 
the neuroectodermal origin is confirmed with numerous malignant 

The tumour is staged preoperatively by using oblique-view x-rays 
and CT. In the West, MRI is the gold standard because it shows 
accurate marrow extension, which helps in determining the surgical 
intervention. The multiplanar views of these instruments help in finding 
the appropriate surgical route for the biopsy as well as in identifying 
viable areas. A CT scan of the chest can identify small pulmonary 
metastatic lesions, which are of significant prognostic value. Bone 
scintigraphy, where available, helps in finding areas of skip metastases 
and sites of synchronous metastases.

Gross pathology of the tumour shows a heavily mineralised soft 
tissue mass extending from the marrow through the cortex to the 
soft tissues. Intraarticular extension typically occurs along ligaments. 
Microscopy shows frankly malignant pleomorphic cells producing 
osteoid. The background contains fibrous or chondroid stroma and 
many areas of necrosis (see Figure 108.2). The radiological and clinical 
correlation of histology is extremely important in differentiating 
malignant bone tumours from reactive, infective, and benign processes, 
as pure histology may be confusing.
Variants
High-grade central osteosarcoma is the classic type, described above. 
Surface or juxtacortical (parosteal, periosteal) osteosarcoma can be low 
to intermediate grade with variable response to chemotherapy, and wide 
surgical excision gives higher survival rates than for the classic type. 
Treatment
In the past, surgery alone gave high metastatic rates with abysmal sur-
vival of less than 20%. Accurate clinical staging, vast strides in chemo-
therapy, and appropriate surgery have increased survival dramatically 
in the past few decades and also limited morbidity significantly. The 
current protocol for a suspected malignant bone tumour is radiology 
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small blue cells with sparse stroma. All such tumours also exhibit 
the MIC2 gene, which differentiates them from lymphomas and 
rhabdomyosarcoma. A commercial kit available for this investigation 
has a 95% sensitivity for detecting Ewing’s sarcoma. 
Treatment
Over the past two decades, the Intergroup Ewing Sarcoma Study has 
demonstrated a dramatic improvement in survival by modifying che-
motherapeutic agents and the intensity of their dosage regimen. The 
society has recommended high-dose vincristine, actinomycin, cyclo-
phosphamide, and adriamycin (VACA).7,10 Recently, the Children’s 
Cancer Group and the Paediatric Oncology Group have shown that the 
addition of ifosfamide and etoposide improved the morbidity of the 
survivors. 

Surgical excision of the primary tumour, where possible, markedly 
improves the outcome, possibly due to the removal of chemotherapy-
resistant clones. Radiotherapy may be added where surgical margins 
may not be adequate, but in sites where this is the only postoperative 
treatment possible, the outcome is poorer (34%). Indeed, the risk of 
radiation-induced malignancies and crippling disabilities are coming 
to light in this era. Patients who have received doses of more than 
60 Gy have the maximum lifetime risk. Aggressive excision with 
reconstruction is now being favoured in difficult sites such as the 
proximal femur, pelvis, and spine.3

Prognosis
As with osteosarcoma, the presence of distal metastases at time of diag-
nosis of Ewing’s sarcoma, initial tumour size >8 cm, and central lesions 
such as in the pelvis fare worse. The overall survival has increased from 
5% in the 1980s to >70% currently.

Postoperative Complications
Surgical complications may be related to the amputation stump or the 
distal end of the limb. Additionally, functional inability to fit a prosthe-
sis or adapt to a restricted lifestyle causes severe mental and emotional 
as well as physical disability. Implants have their own risk of wear and 
tear and can fracture, but this is certainly more acceptable than the 
risks of radiotherapy, which may be multiple. Radiotherapy has limited 
use in delimiting preoperative disease and treating tumours difficult 
to resect. It has a serious life time malignancy risk, and complications 
such as limb-length discrepancy or joint contracture are more pro-
nounced in the skeletally immature. Chemotherapy risks are minimised 
by the addition of multiple agents and by worldwide consortiums offer-
ing research into newer molecules.

Title Radiological and pathological diagnosis of paediatric bone 
tumours and tumour-like lesions

Authors Vlychou M, Athanasou NA

Institution Nuffield Department of Pathology and Nuffield Department 
of Orthopaedic Surgery, University of Oxford, Nuffield 
Orthopaedic Centre, Oxford, United Kingdom

Reference Pathology 2008; 40(2):196–216

Problem Radiological and pathological diagnosis.

Comparison/
control 
(quality of 
evidence)

Benign with malignant tumours.

Historical 
significance/ 
comments

A detailed description of various bone lesions. The focus 
is on radiology and includes various modalities and their 
advantages. Its feature on pathology illustrates immune-
histochemical differences and the basis for adjuvant therapy 
in malignancies.

Title SEER paediatric monograph

Authors Gurney JG, Swensen AR, Bulterys M

Institution National Cancer Institute, Bethesda, Maryland, USA

Reference Gurney J, Swensen A, Bulterys M. Malignant bone 
tumors. In: Ries L, Smith M, Gurney J, et al., eds. 
Cancer Incidence and Survival among Children and 
Adolescents: United States SEER Program 1975–
1995. National Cancer Institute, SEER Program, 
1999, Pp 99–110.

Problem Incidence and prevalence of bone tumours.

Outcome/
effect

Racial differences in bone tumour incidence is highlighted.

Table 108.5: Evidence-based research.

Table 108.6: Evidence-based research.

Figure 108.3: Ewing’s sarcoma: x-rays (left) show onion-skin appearance (right).

Ethical Issues
In Africa, the management of bone tumours is more complex, as spe-
cialist oncology, pathology, or radiology centres may not be available; 
surgical experience also may be limited in rural areas.12 Of special note 
are patients who have a rather unusual story of osteomyelitis or those 
who have a sudden onset or presence of other systemic features and 
require a high index of suspicion and multiple radiological investiga-
tions to determine the nature of the tumour. Telemedicine and digital 
radiology are able to offer expert radiological opinions to many centres.

In addition, the balance between wide-excision surgery and limited 
resection to preserve function has greater meaning in Africa, where 
reconstructive surgery and rehabilitation are not always possible. 
Greater planning prior to surgery and the use of expert help can prevent 
many a disability, which, in turn, would save many disability-adjusted 
life years.4

Evidence-Based Research 
Table 108.5 presents a detailed description of various bone lesions. 
Table 108.6 is a monograph on the incidence and prevalence of bone 
tumours, with an emphasis on racial differences.
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1. Malignant bone tumours are the third most common malignancy 
in adolescence.

2. Presentation and radiological findings of benign and malignant 
bone lesions may be similar and be confused with reactive or 
infective processes.

3. The site of the tumour and age of the patient are the most 
important factors in differential diagnosis.

4. Accurate preoperative staging, aggressive neoadjuvant 
chemotherapy, and surgical resection are the cornerstones of 
management of primary malignant bone tumours.
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Introduction
Brain and spinal cord tumours are increasingly being diagnosed in 
Africa and other developing countries as more centres acquire more 
sophisticated and less invasive diagnostic facilities. Improvement in the 
number and expertise of medical personnel also plays a significant role. 
In addition, advances in anaesthesia and surgical techniques have allowed 
for increased survival of children with these otherwise dismal clinical 
conditions. However, the situation in Africa is still far from the ideal, that 
obtains in the developed nations because only very few centres have the 
facilities and manpower to manage these conditions. Even in developed 
centres, however, the poor prognoses of some tumour types have not 
changed despite all the advances.1

Brain tumours are much more common than spinal tumours; this is 
more so in the paediatric age group. Available data show brain tumours 
as the second most common tumour after leukaemia (20%), and the most 
common solid paediatric tumours.2,3,4 Brain tumours comprise 40–50% 
of all tumours.5 One-quarter of all childhood cancer deaths is caused by 
brain tumours.1 Although paediatric brain tumours are predominantly 
infratentorial (60%), the location of tumours depends highly on age. 
Children under 6 months of age are more likely to have a supratentorial 
tumour (75%). 

The nature of the tumour also depends on location as well as age. In 
the infratentorial region, there is a relatively equal incidence of primitive 
neuroectodermal tumour (PNET); most commonly, medulloblastoma); 
brain-stem gliomas; and pilocytic astrocytomas. In the supratentorial region, 
astrocytomas are significantly more common. Concerning age, congenital 
tumours presenting in neonates are more likely to be neuroectodermal in 
origin, with teratomas being most common, whereas in older children, 
astrocytomas, PNET, and ependymomas predominate. Some glial tumours, 
such as mixed gliomas, are unique to children. They are located more 
frequently in the cerebellum (67%) and are usually benign.

Demographics
The exact incidence or prevalence of central nervous system (CNS) 
tumours in most African countries is largely unknown. More new cases 
are seen now than previously, perhaps due to a true increase in incidence, 
or to increased awareness by the communities and medical workers, with 
more people presenting now than before. In addition, improvements in 
diagnostic techniques may be partly responsible for this increase. 

From unpublished statistics obtained from Regional Centre for 
Neurosurgery in Sokoto, Nigeria, paediatric (age <15 years), brain 
tumours accounted for 22% of all the brain tumours with a male-to-
female ratio of 4:1. Another centre in Nigeria found that the most common 
types of tumours encountered are the astrocytomas, medulloblastomas, 
craniopharyngiomas, and ependymomas.6

Aetiopathogenesis 
Like most neoplasms elsewhere in the body, the exact cause of cranio-
spinal tumours in humans is unknown. In animal models, however many 
environmental agents have been used to induce tumours. Whether this 
can be extrapolated to the humans remains to be verified. Associated fac-

tors include the following:
• Genetics: Brain tumours in general are not believed to be inherited 
genetic disorders, except in von Recklinghausen’s disease and some 
gliomas. Some chromosomal abnormalities may be associated in part 
with specific tumour types. Astrocytomas may be associated with 
abnormalities of chromosomes 7, 9, 10, 17, 19 and deletion of p53 
gene and amplification of the epidermal growth factor (EGF) gene.

• Chemical agents: Many chemicals show carcinogenic properties 
in animals and produce CNS tumours, especially ethyl and methyl 
nitrosourea and anthracine derivatives, but this is yet to be proven in 
humans.

• Viruses: There have been reports of patients with JC virus (JCV)-
induced demyelination who have developed multifocal astrocytomas, 
but again the evidence is not firm.

• Radiation: There is increasing evidence that exposure to excessive 
radiation plays a role in causing brain tumours. There is increased 
incidence of brain tumours in those who have had irradiation to the 
head and neck for different conditions.

• Immunosuppression: Immunosuppression is known to increase the risk 
of primary lymphoma of the brain, particularly in transplant patients, 
but it is unlikely that it plays a significant role in the development of 
cerebral tumours in general.

• Trauma: The concept that head trauma leads to the development of 
meningioma has been controversial. Although epidemiological stud-
ies do not support trauma as an aetiological factor, there have been 
case reports of meningiomas developing at the site of substantial 
meningeal trauma.

Pathophysiology 
As brain tumours increase in size, they acquire new blood vessels from 
surrounding blood vessels. Sometimes they grow so rapidly that they 
overwhelm the blood supply and undergo ischaemic necrosis. Many of 
the tumours cause surrounding oedema, which may be responsible for 
the mass effect produced by the tumour. Brain tumours rarely metas-
tasize except for some such as medulloblastoma and ependymomas, 
which become carried along the cerebrospinal fluid pathways to the 
spinal cord—a phenomenon sometimes referred to as drop metastasis.

Classification of Craniospinal Tumours
Classification of craniospinal tumours has evolved over the years. 
Currently, the most widely used classification system is the World 
Health Organisation (WHO) system, based on the cell of origin.7 
Detailed classification is beyond the scope of this chapter, but an 
abridged version (Table 109.1) is given to highlight the major groups. 

Clinical Presentation
The clinical presentations of brain tumours are those of features of 
raised intracranial pressure from the mass effect of the tumour or 
obstructive hydrocephalus, focal neurological deficit referrable to the 
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site of the brain affected, and/or seizure. Children with brain tumours 
often experience a long delay between the onset of symptoms and diag-
nosis because the symptoms are nonspecific and the patients are treated 
for conditions other than the brain tumour.

Historical findings include intermittent headache and nausea that is 
worse in the early mornings. As the disease progresses, the headache 
becomes persistent and there is associated vomiting. Depending on age, 
the child may present with worsening irritability and progressive head 
enlargement due to ensuing hydrocephalus. The child may also present 
with drowsiness, gait disturbance, visual impairment, limb weakness, 
stunting of growth or precocious puberty, and seizures.

Examination findings are age specific. The infant may present with 
features of hydrocephalus with tense fontanelles. There may be failure 
to thrive, cranial nerve deficits, and limb weakness. There may be 
hypertonia with exaggerated deep tendon reflexes. Visual assessment 
may show loss of some visual fields and the presence of papilloedema.

The diagnosis of craniospinal tumours requires a high index of 
suspicion and meticulous examination to elicit subtle changes that 
may give away the diagnosis; herein lies the need for commitment and 
patience.

Diagnostic Investigations
Before the advent of computed tomography (CT) and magnetic reso-
nance imaging (MRI) in the mid 1970s and 1980s, respectively, the 
diagnoses of brain tumours were based largely on x-rays and angio-
graphic findings. The findings were often nonspecific. X-ray features 
include erosion of the clinoid processes, widening of the sella turcica, 
thinning of the skull bone with a copper beaten appearance, osteolytic 
or osteosclerotic lesions, and calcifications, among others.

CT scans have revolutionised neurosurgery and have now made it 
possible to diagnose most intracranial pathologies. CT also gives very 

Table 109.1: WHO classification system (abridged).

Craniospinal tumours Examples

Tumours of neuroepithelial tissue Astrocytomas Grades i-iv with the anaplastic type and glioblastoma multiformes 
carrying the worst prognosis

Oligodendroglial tumours Oligodendroglioma

Ependymal tumours Ependymoma and subependymoma

Mixed gliomas

Choroid plexus tumours

Neuronal and mixed neuronal-glial tumours Ganglioglioma

Pineal tumours Pineoblastomas

Embryonal tumours Neuroblastoma and retinoblastoma

Tumours of cranial and spinal nerves Schwannoma

Neurofibroma

Malignant peripheral nerve sheath tumour Malignant schwannoma

Tumours of the meninges Tumours of meningothelial cells Meningiomas

Mesenchymal, nonmeningothelial tumours Fibrous histiocytoma, mesenchymal chondrosarcoma

Primary melanocytic lesions Malignant melanoma

Tumours of uncertain origin Haemangioblastoma

Haemopoietic neoplasms Malignant lymphomas

Germ cell tumours Germinomas, choriocarcinoma, yolk sac tumours, teratomas

Cysts and tumour-like lesions Rathke’s cleft cyst, dermoid and epidermoid cysts, colloid cyst of 3rd 
ventricle

Tumours of the pituitary

Local extension from regional tumours Craniopharyngioma, chondroma, chordoma

Metastatic tumours

good bony definition. It is able to give the site and size of the tumour 
and presence of surrounding oedema.

MRI gives a far better soft tissue definition than the CT scan 
and clearly defines the extent of the tumour and oedema. It also 
allows for the image to be taken in different planes. Modifications 
of this technique have increased the sensitivity and specificity of this 
diagnostic tool, including MR angiography (MRA), MR spectroscopy, 
and functional MRI (fMRI).

A lumbar puncture (to be avoided in the presence of raised 
intracranial pressure (ICP)) could be done to sample for tumour 
cells in cerebrospinal fluid (CSF) in suspected tumours such as 
medulloblastomas.

Conventional angiography is important to assess the vascularity of 
a tumour, look for the feeding vessels, and plan for possible tumour 
embolisation prior to surgery, thus minimising blood loss at surgery and 
easing surgical tumour resection.

Management 
The management of brain tumours begins with an adequate history and 
detailed clinical examination, followed by relevant investigations, as 
outlined earlier. These findings not only help to establish the diagnosis 
but also determine the extent to which the disease has affected the 
anatomy and function of the individual. Further, these findings identify 
those patients requiring emergency intervention.

Patients present as emergencies in the following settings:
• acute raised intracranial pressure due to tumour expansion, surround-
ing oedema causing mass effect, or acute hydrocephalus from tumour 
obstruction of the CSF pathway;

• haemorrhage into a tumour cyst, leading to sudden neurological 
deterioration (e.g., pituitary apoplexy); and
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• any of the above leading to herniation, especially of the brain stem, 
which could be rapidly fatal.
Raised intracranial pressure can be managed nonsurgically, 

surgically, or a combination of both. Nonsurgical methods include the 
following:
• head elevation to 15°–30° with the head in a neutral position, which 
ensures adequate venous return and reduces congestion in the brain;

• oxygen administration and controlled hyperventilation, which causes 
cerebral vasoconstriction and reduces congestion within the brain;

• use of diuretics (e.g., mannitol and frusemide); and

• steroids (dexamethasone), which are very useful for intracranial 
mass lesions with surrounding oedema. The effect is often dramatic 
with quick resolution of symptoms, which gives the surgeon a period 
of time to prepare for the definitive treatment.
The surgical methods for reducing raised intracranial pressure 

include the insertion of a shunt for hydrocephalus, excision of the 
tumour, or debulking where total excision is not feasible.

When patients do not present in an emergency setting, they are 
optimised for the definitive treatment, which includes correction 
of nutritional deficiencies, blood levels, dyselectrolytaemia, and 
cardiovascular and respiratory problems. The definitive treatment 
modalities include surgery, radiotherapy, chemotherapy, and 
immunotherapy. These modalities are either used singly or in various 
relevant combinations.
Surgery
Surgery for childhood tumours is usually done for histological confir-
mation, total excision or maximum cytoreduction, neural decompres-
sion, and CSF pathway restoration. Surgical resection is usually the 
primary treatment modality; in fact, most benign brain tumours can be 
cured by surgical resection only. Patients with malignant tumours also 
benefit from maximal tumour debulking because it allows for better 
response to chemotherapy and radiotherapy.

Surgical resection has been improved by advances in surgical 
techniques and instrumentation, such as microsurgery, surgical lasers, 
and ultrasonic aspirators. Stereotaxy and intraoperative ultrasonography 
enable the surgeon to precisely localise the tumour based on a 
previously taken CT scan or MRI. Despite these advances, some 
tumours still pose great challenges. These include brain-stem tumours, 
optic chiasmal tumours, and diencephalic tumours, which are operable 
but often not completely resectable.

Complications of surgery include postoperative haemorrhage, major 
or minor neurological deficits, brain swelling, and infection. Fortunately, 
children tend to do better with rehabilitation, even from major 
postoperative neurological deficit. The success of surgery depends 
not only on the surgeon, but also on a coordinated and dedicated team 
that includes the neurosurgeon, anaesthetist, paediatrician, nurses, and 
physiotherapist, among others.
Radiotherapy
Radiotherapy is required for children with malignant brain tumours or 
unresectable benign tumours because of a microscopic residual tumour, 
even when there is macroscopic total tumour excision. Some tumours, 
such as ependymomas, medulloblastomas and other PNETs are carried 
along the CSF pathway to the spine necessitating irradiation of the 
whole neuroaxis.

External beam radiotherapy entails giving high-energy radiation 
that passes through the scalp and skull to the brain. Anything along its 
path is irradiated. Complications include the effect on rapidly dividing 
cells, leading to transient hair loss, bone marrow suppression with 
anaemia, thrombocytopaenia, and leucopaenia. Endocrine dysfunction 
and progressive cerebral vascular thrombosis, which may present as a 
stroke 10–20 years after irradiation, have all been reported. Another 

complication is the induction of secondary tumours in the brain, which 
may occur 5–15 years after the irradiation.

A very serious complication of radiotherapy is its deleterious 
effect on the intellectual development of the child. About 80% of the 
development of the child’s brain occurs in the first 2 years of life. 
Therefore, radiotherapy is generally not recommended in children 
younger than 3 years of age. An alternative is the use of chemotherapy 
in these young children.

Stereotaxic irradiation, such as that provided by a gamma knife or a 
linear accelerator, delivers focally intensified radiation with minimum 
damage to the surrounding tissues. A single large dose is usually given.

Another method is the use of brachytherapy or interstitial 
radiotherapy. In this modality, radioactive seeds are implanted in the 
tumour intraoperatively by using a catheter or by stereotactic means. 
The seeds are then removed after they have delivered the calculated 
required dose.
Chemotherapy
Chemotherapeutic antineoplastic agents also affect rapidly dividing 
cells and give rise to complications similar to those produced by radio-
therapy. They are often given in combination, and act by inhibiting 
cellular metabolism. They could be given intraarterially through the 
vertebral or carotid arteries (the use in children is still being evalu-
ated), or intrathecal, to deliver high doses of the drug at the target site. 
Intrathecal chemotherapy can be given by use of spinal needles. A sub-
cutaneous Ommaya reservoir can be used for intralesional, intracystic, 
or intraventricular administration of cytotoxic medications.

Intraarterial injection may be complicated by blindness and stroke.

Individual Tumours of the Brain 
The general features of tumours have been given earlier. The peculiari-
ties of some specific tumours are noteworthy and are presented here.
Infratentorial Tumours
Infratentorial, or posterior fossa, tumours are more common in the pae-
diatric age group than in adults. The common posterior fossa tumours 
include medulloblastoma, cerebellar astrocytomas, ependymomas, and 
brain-stem gliomas.

Primary neuroectodermal tumours
PNETs include medulloblastomas, medulloepitheliomas, pigmented 
medulloblastomas, ependymoblastomas, pineoblastomas, and cerebral 
neuroblastomas. These tumours originate from undifferentiated cells in 
the subependymal region in the foetal brain. The frequency of PNETs 
is similar to that of pilocytic astrocytoma.

Medulloblastomas
Medulloblastomas initially arise in the inferior medullary velum (pos-
sibly from remnants of the external granular layer) and grow to fill the 
4th ventricle, infiltrating the surrounding structures (Figure 109.1). They 
are the most common malignant posterior fossa tumour in the paediat-
ric population. They are characterised by their tendency to seed along 
the neuro-axis, following CSF pathways, and rarely can metastasise to 
extraneural tissues.8,9 Ten to thirty percent of affected patients will have 
evidence of “drop-mets” at the time of diagnosis. Extracranial metas-
tases account for 5% of cases, involving bone, liver, and lymph nodes.

Medulloblastomas are highly cellular, vascular tumours with a 
deeply basophilic nucleus and multiple mitoses (“small blue cell 
tumour”). These histological features are commonly seen in the other 
variants of PNET.

The male-to-female ratio is approximately 3:1. Medulloblastomas 
demonstrate a bimodal age distribution: a larger peak occurs at 5–9 
years of age, and a smaller peak occurs at 20–30 years of age.

Gross surgical excision followed by craniospinal irradiation remains 
the ultimate goal in these patients. Any attempt to remove the tumour 
from the floor of the 4th ventricle, however, can lead to significant 
morbidity. Up to 30% of tumours will have invaded the floor, and care 
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must be taken not to damage this very eloquent region. 
Children with nondisseminated medulloblastoma and old enough to 

have radiation therapy have a 5-year survival rate of about 70%. In the 
presence of dissemination, adjuvant chemotherapy (CCNU (lomustine), 
vincristine, and prednisolone) can be given, but the survival rates are 
significantly lower. Neurological, endocrine, and cognitive deficits are 
not uncommon in this latter group.

Piloctyic astrocytoma
Low-grade astrocytomas occur more often in children and young adults 
than in adults. They are the most common astrocytic tumours in chil-
dren, accounting for 80–85% of cerebellar astrocytomas and 60% of 
optic gliomas. They comprise about 33% of all posterior fossa tumours 
in children and represent about 25% of all paediatric tumours.

Pilocytic astrocytomas usually arise in the cerebellum, brain stem, 
hypothalamic region, or optic pathways, but they may occur in any area 
where astrocytes are present, including the cerebral hemispheres and 
the spinal cord. 

There is an association of pilocytic astrocytomas with neurofibro-
matosis; optic nerve gliomas are common tumours in patients with 
this condition and may present bilaterally. Patients with optic pilocytic 
astrocytomas associated with NF1 usually have better outcomes than 
patients with juvenile pilocytic astrocytomas.

These tumours are usually discrete, indolent lesions associated with 
cyst formation. The cysts may be unilocular or multilocular, with an 
associated tumour nodule. CT scan reveals a hypodense or isodense 
nodular mass that homogeneously enhances with contrast with a 
cystic component in 60–80% of cases. Calcification is present in 10% 
of juvenile pilocytic astrocytomas. MRI shows a contrast enhancing 
hypointense lesion on T1WI and hyperintense on T2WI (Figures 109.2 
and 109.3).

Histologically, the tumour contains fibrillary astrocytes with 
associated Rosenthal fibres (intracellular eosinophilic rod-shaped 
bodies). The tumour is named after the “hair-like” bipolar (piloid) 
astrocytes. Features more typically seen in higher grade gliomas can 
be seen (e.g., nuclear atypia, mitoses, endothelial proliferation, and 
necrosis) but they have no proven prognostic significance.

The peak incidence of pilocytic astrocytoma is in patients 5–14 
years of age; it has no gender predilection. 

Posterior fossa pilocytic astrocytomas are typically treated with 
surgery and completely resected whenever possible. Optic nerve 
tumours can often be managed conservatively, and surgery is usually 
indicated in an attempt to preserve vision in the unaffected eye. There 
has been some success treating these tumours with chemotherapy 
(particularly platinum-based regimes), but this is used only for 
unresectable progressive tumours, or progression of remnants.

Patients with juvenile pilocytic astrocytoma have a better prognosis 
than patients with most other types of astrocytomas. If gross total 
resection is possible, the 10-year survival rate is as high as 90%.10 After 
subtotal resection or biopsy, the 10-year survival rate is as high as 45%. 
Morbidity is related to the location of the tumour and to the associated 
complications of tumour resection.

Ependymoma
Ependymomas account for 1–8% of paediatric brain tumours. There 
is a female preponderance with a female-to-male ratio of approxi-
mately 2:1. The median age of presentation is in the second decade, 
but there is a bimodal peak with the younger peak at about age 5 years. 
Ependymomas are derived from ependymal cells and occur most com-
monly in the ependymal lining of the ventricles. These tumours can 
also arise in the conus (myxopapillary) and spinal canal. The majority 
of ependymomas are located in the posterior fossa with a predilection 
for the 4th ventricle; 20% arise from the floor. Extension through the 
foramina of Magendie and Luschka is not uncommon. Approximately 
10% will have spinal metastases at the time of diagnosis, although 

Figure 109.2: Large posterior fossa pilocytic astrocytoma. Hydrocephalus has 
been treated by external ventricular drainage (EVD), but tonsillar herniation 
remains.

Figure 109.3: Large suprasellar pilocytic astrocytoma encircling the basilar 
artery. This could not be completely removed at surgery.

Figure 109.1: Medulloblastoma. Note the tumour filling the 4th ventricle 
and extending up the cerebral aqueduct.
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Figure 109.4: Post contrast CT of a 12 year-old-girl with brain-stem glioma. 
Note the enhancing lesion with dilated lateral and 3rd ventricles.

this is more common with the anaplastic variants. Tumours presenting 
supratentorially are more common in adults and are usually located in the 
trigone of the lateral ventricles. Symptoms of ependymomas are similar 
to those of medulloblastoma, but there may also be cranial nerve deficits. 

Ependymomas of the posterior fossa present as solid mass lesions. 
Histologically, they are uniform ependymal cells forming true rosettes 
and perivascular pseudorosettes. It is not uncommon to have associated 
calcification, cysts, and haemorrhage. Anaplastic ependymomas tend 
to have histological features of a higher grade tumour with vascular 
proliferation and necrosis. Ependymomas of the spinal cord and conus 
are more likely to be low grade, and total excision may be curative.

A CT scan of the tumour shows an isodense mass that may enhance 
slightly but irregularly with contrast.

Gross total surgical excision, where possible, with adjuvant 
radiotherapy is the treatment of choice. 

Combined treatment leads to a 35–60% 5-year survival rate. Although 
adults have an increased tendency to anaplastic variants, their survival 
rate is better than that of children. This is most likely due to the fact that 
craniospinal radiation therapy is limited to children older than the age of 
5 due to the adverse effects on the developing nervous system.

Brain-Stem Gliomas
Brain-stem gliomas require special mention because they present a pecu-
liar challenge to the neurosurgeon. Their total resection is difficult and 
often impossible, except in expert hands. 

In children, brain-stem gliomas represent 10–20% of all brain 
tumours. Most brain-stem gliomas are low-grade astrocytomas and can 
be conservatively managed. Surgical debulking is reserved for exophytic 
portions of tumour.

Ninety percent of diffuse pontine gliomas are, however, more 
aggressive (anaplastic astrocytoma or glioblastoma) with a very short 
survival. They present with rapidly deteriorating symptoms such as 
dysarthria, hemiparesis, ataxia, and facial and abducens nerve palsies.

MRI shows enlargement of the pons, with a lesion hypointense on 
T1WI and hyperintense on T2WI that is contrast enhancing. CT also 
shows an enhancing lesion (Figure 109.4).

Because of the danger and difficulty of obtaining a biopsy in this 
condition, the patient could be commenced on radiotherapy even 
without a biopsy. However, some authorities have completely resected 
such tumours.
Supratentorial Tumours
Craniopharyngioma
Craniopharyngiomas arise from remnants of the Rathke’s pouch. They 
account for 2–4% of all brain tumours, occurring mostly in the age group 
5–15 years. Craniopharyngiomas are slow growing and may attain a 
large size before manifesting. They present with visual impairment due 
to compression of the optic nerves; endocrinopathy, especially diabetes 
insipidus and obesity; and features of hydrocephalus due to extension to 
the floor of the 3rd ventricle.

CT scan shows a sellar or parasellar mass with cystic and solid 
components and sometimes calcification. A preoperative hormonal 
work-up is very important. Teamwork with an endocrinologist and 
ophthalmologist is invaluable.

Surgery is the primary treatment modality and may employ the use of 
endoscopic trans-sphenoidal resection or craniotomy and excision.

Radiotherapy, especially intracystic injection, has been found useful 
in incompletely resectable or nonresectable lesions; also effective is the 
intracystic injection of bleomycin. Systemic chemotherapy has not been 
found useful.

Pilocytic astrocytoma
Pilocytic astrocytoma differ markedly from infilterating fibrillary or 
diffuse astrocytomas in terms of their ability to invade tissue and for 
malignant degeneration. They occur throughout the neuraxis and are 

Figure 109.5: CT scan of a 6-year-old boy showing a well-circumscribed huge 
right fronto-parietal contast-enhancing astrocytoma. Note the effacement of the 
right ventricle, mild oedema, midline shift, and left lateral ventriculomegaly.

more common in children and young adults than in adults. Malignant 
transformation has been reported after many years, even without radio-
therapy. Cerebral gliomas, optic gliomas, and thalamic and hypotha-
lamic gliomas tend to occur in young adults.

Hemispheric lesions give rise to headaches, seizures, and focal 
weakness. Chiasmal tumours present with visual deficits, endocrine 
dysfunction, or symptoms of hydrocephalus.

CT or MRI show these tumours as well-circumscribed, contrast-
enhancing lesions (Figure 109.5) with cystic components and a mural 
nodule, having little or no surrounding oedema.

Surgery is the most recommended treatment modality, with an aim 
to total excision, including especially the mural nodule. Radiotherapy 
is controversial, but can be used after a subtotal resection in a patient 
older than 3 years of age. Chemotherapy is given to younger patients.

Complete resection yields 100% recurrence-free survival without 
adjuvant therapy.11 After subtotal resection and radiotherapy, 10- and 
20-year freedom from progression rates are 74% and 41%, respectively, 
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and 10- and 20-year survival rates are 81% and 54%, respectively. 

Choroid plexus papilloma and carcinoma
Choroid plexus papilloma and carcinoma represent 0.4–0.6% of all 
intracranial tumours. They represent approximately 3% of childhood 
brain tumours and are more likely to occur in the lateral ventricle. 
Although these tumours can occur in the 4th ventricle, this feature is 
more commonly seen in adults. Approximately 85% of tumours present 
in children under 5 years. 

Symptoms can be due to hydrocephalus, which is likely to be due 
to the presence of increased protein and xanthochromia within the 
CSF, causing diminished absorption. Overproduction of CSF is not 
uncommon, but does not explain the persistence of hydrocephalus after 
tumour removal. These tumours may also present with mass effect, 
particularly in the case of papilloma.

Although macroscopically, choroid plexus papilloma appears as a 
reddish solid tumour, histologically, it can be difficult to differentiate 
from a normal choroid. As with the malignant variants of a tumour, 
the presence of nuclear atypia, mitoses, and necrosis is suggestive of 
carcinomatous change.

Surgical resection results in a cure for benign papillomas. 
These tumours are very vascular, and in the presence of carcinoma, 
preoperative chemotherapy or embolisation may have roles in shrinking 
tumour size and reducing vascularity in order to aid surgical resection.

Five-year survival rates of about 80% have been described. The 
main late morbidity arises from persistent subdural collections due to a 
ventriculo-subdural fistula.
Spinal Cord Tumours
Spinal cord tumours are relatively rare in the paediatric age group 
when compared to brain tumours.12 They could be extradural or intra-
dural. The intradural tumours can be intramedullary or extramedul-
lary, with intramedullary tumours more common than extramedullary. 
Intramedullary tumours in children include astrocytomas, ependymo-
mas, gangliogliomas, diffuse leptomeningeal tumours, and haeman-
giomas. The more common childhood extramedullary tumours consist 
of meningiomas, schwanomas, and neurofibromas; extradural tumours 
comprise lipomas and dermoid and epidermoid cysts.

Astrocytomas
Astrocytomas are by far the most common childhood spinal tumours. 
They are mostly benign, but can be malignant in 10–15% of cases. They 
may remain asymptomatic for a long time, reaching large sizes before 
presentation. The onset of symptoms is usually insidious and may 
appear at the time of a trivial injury. An early symptom is back pain, 
which is usually diffuse.

Extramedullary tumours 
Radicular pain may be suggestive of an extramedullary lesion.

Children present with frequent falls, lower limb weakness or 
motor regression, or gait abnormalities. About a third present with 
kyphoscoliosis. Sphincteric involvement occurs late in the disease. A 
few may present with features of hydrocephalus, which is thought to 
be due to increased protein secretion by the tumour cells into the CSF, 
leading to obstruction. Examination reveals varying degrees of motor 
weakness and upper motor neurone features.

MRI is the diagnostic tool of choice because it clearly defines the 
lesion. CT myelography may be done where MRI is contraindicated or 
not available. Plain radiographs are mandatory for those with scoliosis. 
Again, extramedullary tumours may show as thinning or sclerosis of 
the pedicles. There may also be enlargement of the neural foramina in 
dumbbell tumours.

Adjuncts for spinal cord surgery include ultrasonic aspirator and lasers.
Astrocytomas are excised after performing a laminectomy or 

laminotomy. The outcome depends on the neurological state of the 
patient prior to surgery. Those with incomplete injury are likely to 

benefit more than those who have a complete injury. The majority of 
extramedullary tumours are benign, and gross total excision is possible 
in most cases.

Management 
General Principles
Mass lesions in children and adults present in one (or more) of the fol-
lowing ways:
• raised ICP, which can be due to the mass lesion or hydrocephalus;

• seizures, which can be focal or generalised; 

• focal neurological deficits, which are specific to the location of the 
tumour; and

• pituitary tumours and craniopharyngiomas, which may present with 
either a neurological deficit (in particular visual loss) or endocrine 
dysfunction.
Classic neurological features of raised ICP in older children and 

adults include headache, vomiting, and blurred vision. Papilloedema/
ataxia is another feature. Nonspecific features in infants and children, 
as previously mentioned, include poor feeding/failure to thrive, 
irritability, behavioural disturbance, and deterioration in schoolwork.

Remember ABC when assessing any acutely unwell patient: airway, 
breathing, circulation. This is particularly relevant in children who may 
have a decreased conscious level, or may be dehydrated due to anorexia 
and vomiting.
Work-ups
The general work-up is the same as for hydrocephalus.

Specific work-ups include the following:
• MRI of the brain and spine is preferable prior to any surgical inter-
vention; is useful to assess suitability for endoscopic management 
(e.g., endoscopic third ventriculostomy (ETV) or biopsy); allows 
better evaluation of the tumour and its relation to eloquent structures; 
and allows assessment of any spinal disease (e.g., drop metastases). 
A CT scan can, of course, be used as an alternative—it  is not quite as 
good, but with reconstructions in the sagittal plane, is a realistically 
achieved alternative.

• Tumour markers are obtainable from CSF and serum, and are essen-
tial for optimising management of pineal region tumours.

• Endocrine assessment should be used for pituitary and craniopharyn-
gioma patients, who may need preoperative hormone replacement.

• Opthalmology and visual field assessment is most commonly 
required for pituitary patients, and is recommended for any child 
with a tumour along the visual pathway.

Treatment Options
Previous series have described carrying out treatment for symptomatic 
hydrocephalus first. This has the advantage of rapidly improving such 
symptoms as headache and vomiting, and also allows investigation 
of CSF markers. In the presence of an aqueductal stenosis due to an 
offending tumour, an initial endoscopic approach may be used to create 
a third ventriculostomy and biopsy the tumour at the same sitting.

In recent years, however, in the case of a posterior fossa tumour, the 
pendulum has swung back towards single-sitting surgery. This option is 
aimed at opening up the CSF pathways and avoids the added risks of a 
third ventriculostomy or shunt. An EVD may be placed during the early 
part of the procedure if there is grossly raised ICP. A drawback is that 
this regime relies on an operating theatre being available at the time of 
presentation or deterioration, whereas the two-stage procedure allows 
more leeway from the organisational point of view.

Surgical excision is carried out wherever tumour location makes it 
possible. Unlike for adult cases, the free use of chemo- and radiotherapy 
is not possible for young children. Children under the age of 5 years 
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have a significant long-term morbidity with whole brain (with or 
without spine) radiotherapy. Outcomes are improved in children older 
than 5 years of age at diagnosis with no evidence of disseminated 
disease and maximal surgical resection.

Brain-stem and optic tract gliomas are usually low-grade 
astrocytomas and are predominantly managed conservatively. 

Follow-up Imaging
MRI within the first 24 hours after surgery provides a baseline for 
further follow-up and optimises any adjuvant therapy. The artefact 
produced from surgical intervention makes radiological assessment of 
any residual tumour after 48 hours exceptionally difficult; therefore, 
if imaging cannot be performed within this time period, it should be 
deferred for at least 6 weeks.

1. Central nervous system tumours are the most common 
childhood tumours worldwide.

2. More cases are reporting to health facilities, but the challenges 
in Africa are inadequate facilities and manpower to manage 
these conditions appropriately. 

3. Presentation commonly involves features of raised intracranial 
pressure, seizure, or focal neurological deficit.

4. Africans typically present at the late stage of brain and spinal 
cord disease.

5. CT scan and MRI are the investigations of choice, but tissue 
diagnosis is required for treatment (except in the few instances 
in which this is not feasible due to the site of the tumour).

6. Full resection is not always the aim—the histology and location 
of the tumour should dictate the surgical aim.

7. Pre- and postsurgical adjuvant treatment will become 
increasingly important as their efficacy increases.

8. Patients with incomplete neurological deficit are more likely to 
benefit from spinal surgery than those with complete deficits.
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Lymphatic 
malformation 
classification

Types

Primary lymphoedema

Lymphangioma Macrocystic (formerly cystic hygroma)
Microcystic (formerly cavernous lymphangioma)
Mixed

Diffuse lymphatic 
anomalies

Pulmonary or pleural or intestinal lymphangiomatosis
Gorham-Stout disease (the so-called “vanishing bone 
disease”)

Combined/complex 
malformations

Klippel-Trenaunay syndrome (capillary-lymphatico-ve-
nous malformation)
Proteus syndrome
Maffucci syndrome

Table 110.1: Classification of lymphatic malformations.

Introduction
Lymphangiomas are developmental defects of the lymphatic channels 
that belong to a large spectrum of vascular malformations. They are 
most commonly located in the head and neck region, and to a lesser 
extent on the axilla and trunk, but can occur anywhere there are lym-
phatic vessels. Even though they are congenital defects, they may not 
become apparent until several years after birth. Although benign, lymph-
angiomas frequently present surgical difficulties and challenges due to 
their propensity to infiltrate and extend around neighbouring structures.

Lymphatic malformations encompass entities other than 
lymphangiomas. The goal of this chapter is to address the lesions known 
as lymphangiomas or hygromas. This chapter does not discuss pulmonary 
and intestinal lymphangiectasia and peripheral lymphoedema, which 
may be congenital or acquired, or lymphangiomatosis, an ill-defined 
disease usually implying the coexistence of lymphangiectasia and 
multiple lymphangiomas in several sites. 

Demographics
The incidence of lymphangiomas is difficult to ascertain. Some authors 
have quoted an incidence of 1.5 to 2.8 per 1,000,1 but this applies to foe-
tal nuchal translucency, which is a different pathology (see subsection 
on “Prenatal Presentation”). Others have reported an occurrence of 1 in 
12,000 births for cystic lymphangiomas.2 There are no reported racial 
or ethnic predispositions; the male-to-female ratio is equal in most large 
reviews,3–6 but some authors have described a male predominance.7,8 
In most of Africa, incidence data are not available, but hospital-based 
reports suggest that at least 1–3 children with lymphangiomas are seen 
every year in most teaching centres.4,5,7,9–11

These lesions are apparent in 50–70% children at birth or prenatally, 
and 80–90% present within 5 years. However, presentation may occur 
as late as adolescence or adulthood.2,3,12,13 

Embryology
The lymphatic system starts to develop by the end of the 5th week of ges-
tation, 2 weeks after the primordia of the cardiovascular system are recog-
nisable and 1 week after coordinated contractions of the primitive heart 
initiate unidirectional blood flow.14,15 The lymphatic vessels are thought 
to be derived from the venous system as endothelial outgrowths.14–16 By 
the 8th week of gestation, six lymphatic sacs are formed: two jugular, two 
iliac, the retroperitoneal sac at the root of the mesentery, and the cysterna 
chyli, which is dorsal to the latter. From these form new sprouts that grow 
to the periphery of the embryo, passing along veins. Bilateral thoracic 
ducts connect the cysterna chyli to the jugular sacs in the 9th week; a large 
anastomosis forms between the two thoracic ducts, and the final thoracic 
duct comes from the right duct in the lower chest and the left duct in the 
upper chest and neck, where it connects with the venous system at the 
junction between the left internal jugular and subclavian veins.

The majority of lymphangiomas arise from parts of lymph sacs that 
are pinched off during development or that fail to establish connections 
with the main lymphatic or venous channels. A small proportion 
appears to arise from localised lymphatic malformations or obstruction.

Pathology
Lymphangiomas are cysts or pockets of lymphatic fluid collection, 
which may consist of multiple cysts connected to each other by small 
lymphatic channels. They usually contain clear, straw-coloured fluid 
unless infection or bleeding has occurred.

Microcystic lymphangiomas have the propensity to infiltrate and 
extend into and around neighbouring structures, making complete 
excision difficult.

Microscopically, the cysts are lined by endothelium, supported by 
stroma of varying thickness and containing smooth muscle elements 
and lymphoid tissue. The endothelial lining is quite vulnerable to 
infection and chemical irritants. This observation forms the basis for 
sclerotherapy.

Nomenclature
Many misconceptions exist about lymphatic anomalies, and classifi-
cations are confusing. The suffix –oma is generally associated with 
tumours and a notion of cellular division and invasion, which does not 
apply to lymphangiomas. Used in the broad sense of a “space-occupy-
ing lesion”, such as a haematoma or seroma, the term lymphangioma 
continues to be used, but it should not be considered a tumour in the 
neoplastic sense.

Cystic hygroma is a term coined in 1843 by Wernher, which was 
perpetuated since the classification proposed by Landing and Farber in 
1956.17 Because hygroma means a fluid-filled mass, the term “cystic 
hygroma” is redundant and should be abandoned. Hygromas are often 
used to describe cystic lymphangiomas occurring in the cervical area. 
In the abdomen, mesenteric cysts are generally synonymous with 
lymphangioma of the mesentery in the paediatric literature, even 
though some authors distinguish the two entities. The former is thought 
to occur mainly in adults, whereas mesenteric lymphangiomas usually 
present at birth or in infancy.

Furthermore, the classification of lymphangiomas into capillary, 
cavernous, and cystic has no clinical usefulness, as the various 
types may coexist in the same lesion. This nomenclature has been 
largely replaced by the unifying classification of Mulliken,18 which 
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Site Number Percentage

Cervical 116 31

Craniofacial 72 19

Trunk (including axilla and genitalia) 89 23

Extremities 59 16

Intraabdominal and mediastinal 43 11

Totals 379 100

Table 110.2: Anatomic distribution of lymphangiomas in two large paediatric series. 

	   	  

	  

Figure 110.1: Lymphangiomas at various sites: (A) cervical, (B) axillary, (C) left flank.

(A) (B)

(C)

was adopted by the International Society for the Study of Vascular 
Anomalies in 1996.19 However the term “lymphatic malformation” 
used by Mulliken in this classification is very broad (Table 110.1).

The term “lymphangioma” continues to be used by most clinicians 
and will be used in this chapter. Lymphangiomas can be divided into 
macrocystic, microcystic, and mixed forms on the basis of imaging 
studies (see Table 110.1). This classification has important therapeutic 
and prognostic implications, as will be seen in this chapter.

Natural History 
Lymphangiomas tend to grow slowly with the child, but sudden enlarge-
ment may be seen during a viral infection or when bacterial infection 
or spontaneous bleeding occurs in some cysts. Spontaneous resolu-
tion is uncommon but has been reported in up to 15% of cases.8,12,16,20 
Resolution may occasionally follow infection.

Clinical Presentation
History
Generally, lymphangiomas are asymptomatic at diagnosis; however, 
presentation may be delayed in Africa, particularly if the lymphan-
gioma is outside the head and neck region. 

The most common site of involvement is the neck, with other 
common sites being the head (especially the tongue), the axilla and 
chest wall, the abdominal wall and flank, and the extremities (Figure 
110.1, Table 110.2). Internal organs are involved in 10% of patients, the 
most common being the bowel mesentery.

Presentation depends on the site. Reasons for presentation include 
disfigurement; mass lesion; pain (and fever); pressure effect (e.g., respiratory 
obstruction or dysphagia); and acute abdomen or intestinal obstruction.
Physical Examination 
Patients presenting with uncomplicated lymphangiomas usually look 
healthy otherwise. Local warmth and tenderness with pyrexia gener-
ally signify infection of the lesion. In such circumstances, the skin may 
be erythematous (in light-skinned patients), or simply appear shiny. 
Tachypnea and cyanosis may be present in those with airway obstruction.

In the neck, 85% of lymphangiomas are unilateral. There may be 
extension into the ipsilateral face or floor of the mouth in some patients. 
Fifteen percent are midline or extend to both sides of the neck.6 The 
lesion may be quite large; some may attain massive proportions. 

Diagnosis is based on the finding of a soft, multiloculated 
mass, which transilluminates brilliantly. However, lymphangiomas 
with infection or intracystic haemorrhage may not transilluminate. 
Microcystic lymphangiomas, due to the significant amount of stroma, 
may have solid areas that could create diagnostic difficulty.
Prenatal Presentation
Lymphangiomas are increasingly being diagnosed by prenatal ultraso-
nography (US), particularly when located in the neck. Posterior nuchal 
translucency, confusingly called nuchal cystic hygroma, is not the same 
as lymphangioma.21 Foetal nuchal translucency is an important marker 
for aneuploidy in the first trimester and early part of the second; it may 
be associated with pleural effusion and hydrops. It is usually bilateral 
and posterior, whereas lymphangiomas are lateral or anterior and are 
diagnosed in the second and third trimesters. In the absence of chro-
mosomal anomalies, 80% of foetuses with first-trimester nuchal trans-
lucency have a normal outcome unless there is spontaneous abortion; 
in favorable cases, the translucency usually resolves spontaneously 
by the end of the second trimester. Turner and Noonan syndromes are 
often accompanied by nuchal translucency; the prenatal diagnosis of 
the latter is difficult to make because the karyotype would be normal.22

The differential diagnosis of cervical cystic lesions includes cystic 
teratomas, thymic and branchial cysts, and congenital fibrosarcomas. 
In the abdomen, ovarian cysts are most common, followed by enteric 
duplications; cystic renal masses are also common but are usually 
readily distinguishable. Rare abdominal cystic lesions in the foetus 

Sources: Hancock BJ, St-Vil D, Luks FI, Di Lorenzo M, Blanchard H. Complications of 
lymphangiomas in children. J Pediatr Surg 1992; 27: 220–224. Alqahtani A, Nguyen LT, Flageole 
H, Shaw K, Laberge JM. 25 years’ experience with lymphangiomas in children. J Pediatr Surg 
1999; 34:1164–1168.

include cystic teratomas, mesenchymal hamartomas of the liver, 
choledochal cysts, urachal cysts, and congenital fibrosarcoma.21 

Prenatal diagnosis is especially important for large lymphatic 
malformations because they may cause dystocia. Prenatal aspiration 
of selected macrocystic lesions may allow for vaginal delivery or 
facilitate caesarean section in some cases. Prenatal diagnosis is even 
more important for large cervical lesions, which may cause respiratory 
distress at birth. When tracheal obstruction is predicted on prenatal 
imaging, an EXIT procedure is the safest way to deliver the baby.23 
EXIT, which stands for EX-utero Intrapartum Treatment, is essentially 
a large caesarean section done under deep maternal general anesthesia; 
the foetal head is delivered and an airway is secured while placental 
circulation maintains foetal oxygenation. Sometimes a tracheostomy 
will be required, but often the baby can be intubated successfully with 
the help and confirmation of flexible bronchoscopy. Prenatal imaging 
is usually accurate in predicting airway compression and the need for 
caesarian section (Figure 110.2).

Prenatal treatment of foetal lymphatic malformations with 
sclerosants, such as OK-432 (see subsection “Types of Lesions”), 
has been advocated by some authors, but its role remains to be 
determined.24,25 The problem is that the rate of incorrect prenatal 
diagnosis of lymphatic malformations may be as high as 38–50%.21,26
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Figure 110.2: Giant cervical lymphangioma (unilateral supra and infra hyoid, mixed macro and microcystic): (A) Prenatal MRI, showing right cervical cysts (white on 
this T-2-weighted image, right eye seen in top part of picture). (B) Child after delivery by caesarian section, with paediatric surgeon in attendance. (C) MRI at 4.5 
months of age. (D) Child at 4.5 months of age; note scarring from Ethibloc extrusion on lower neck. (E) MRI at 18 months of age, prior to surgical resection (after two 
sclerotherapies with Ethibloc and one streptococcal infection). (F) Cervical dissection with cranial nerves VII, X, XI, XII, and phrenic nerve, hugely dilated dysplastic 
jugular vein, and resected specimen. (G) Frontal view, 3.5 years postoperatively. (H) Lateral view, 3.5 years postoperatively.

(A) (C) (D)

(E) (F) (G) (H)

(B)

Investigations
Although the diagnosis of most lymphangiomas is clinical, various 
modalities are required for confirmation of the diagnosis, planning of 
treatment, and follow-up.
Ultrasonography
US helps in classifying the lesion (macrocystic, microcystic, or mixed), 
as well as ascertaining the extent of the disease. This should be the 
minimum imaging modality for evaluation. Neighbouring and suscep-
tible regions of the body should also be assessed adequately by US.
Plain Radiography
Plain radiography is useful when the lymphangioma may extend into 
or is located in a body cavity, particularly in the absence of computed 
tomography (CT) scan and magnetic resonance imaging (MRI). For 
example, normal chest radiographs exclude any significant mediastinal 
extension of large cervical lymphangioma. Plain radiographs may also 
be useful in evaluating the trachea in such patients, as this will be help-
ful during anaesthesia and tracheal intubation.
CT Scan and MRI
CT scan and MRI are being used increasingly for evaluation. MRI is 
now considered to be the most accurate imaging modality for evalu-
ation. However, these imaging modalities have limited application in 
resource-limited settings due to cost and availability. The CT scan is 
superior to US in detecting small areas of calcifications or fat, which 
would change the diagnosis to teratoma.

Needle Aspiration and Culture
Needle aspiration and cytological examination of the fluid should be 
done in any patient who will be treated by sclerosants or who will be 
observed for a period of time. This will avoid delaying resection of a tera-
toma, with its inherent risk of malignant transformation (Figure 110.3).

Needle aspiration may also be used in situations where intracystic 
haemorrhage is suspected (rapid increase in size), or infection has 
occurred and abscess formation is suspected. In the latter instance, culture 
of the pus will help to direct antibiotic treatment; in the former, aspiration 
may decompress the lesion until definitive treatment is undertaken. 

In patients presenting with airway obstruction, needle aspiration 
may be performed as a temporising measure. Any aspirated fluid in all 
situations should be sent for microbiological culture, cell count (the 
differential will show at least 80–90% lymphocytes in lymphangiomas), 
and cytology.

Complications 
In Africa, many children with lymphangiomas present with complica-
tions, which can be life threatening, particularly in the cervical area.4,7 
Respiratory Obstruction
Respiratory obstruction is a feared complication of head and neck 
lymphangiomas and can be due to the infiltration of the malformation 
in the tongue, pharynx, or larynx, or compression of a normal airway 
by large cysts. Emergency management includes cyst aspiration, posi-
tional nursing, endotracheal intubation, and tracheostomy. Aspiration 
of a macrocystic lesion is a temporary measure and carries a risk of 
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Rapid Size Increase
A rapid increase in the size of the lymphatic malformation can occur 
in reaction to a viral or bacterial infection anywhere in the body, 
but it is more frequent with upper airway infection. This is due to 
increased lymphatic flow. This usually resolves as the primary infec-
tion is controlled. The increase in size may cause airway obstruction, 
discomfort, transient nerve compression, or pressure necrosis, which in 
turn increases the risk of infection. A sudden increase in size may also 
be due to intracystic haemorrhage. In large cysts, bleeding due to the 
rupture of a blood vessel normally present in intracystic septae can be 
severe and necessitate transfusions. 
Infection
Infection of the lymphatic malformation should be treated promptly. 
The incidence of infection in cervical lymphatic malformations varies 
in different series from 17% to 71%.6,7,28 Since infection often follows 
an episode of upper respiratory tract infection, initial antibiotic therapy 
should be directed at the prevalent bacteria in the nasopharynx, par-
ticularly group B streptococcus. Parenteral administration of ampicillin 
(or amoxicillin) and gentamicin is usually effective. A cephalosporin 
may be used as a single agent. In patients who develop infection fol-
lowing cyst aspiration, coverage for staphylococcus is essential, and 
metronidazole can be added to cover for anaerobes. When an abscess 
is suspected, aspiration is indicated to confirm diagnosis and obtain 
cultures; often a drainage procedure (percutaneous or incisional) will 
be required. Ultrasonographic guidance may be helpful, particularly in 
the cervical area, to decrease the risk of damage to adjacent structures.
Ulceration
Ulceration is due to pressure necrosis. The ulcerated area often rapidly 
becomes infected, and the infection may extend into the cyst (Figure 
110.4). This should be managed by dressings and the use of antibiotics 
if infected. To decrease the risk of postoperative wound infection, it is 
usually safer to wait until the ulceration has healed before embarking 
on surgical excision.

(A)

(C)

(D) (E)

(B)

Figure 110.3: Difficulties in diagnosis: (A) A large lobulated neck mass in a 
newborn. (B) US showing multicystic lesion; patient was initially observed, but 
was readmitted with feeding difficulty. (C) MRI (coronal view, T-2 weighted) 
showing extent in the floor of the mouth. (D) Axial view demonstrating an 
intact trachea. (E) Proximally, the mass displacing the larynx and base of 
the tongue. The patient failed two attempts at sclerosis with doxycycline and 
required nasogastric tube feedings and a tracheostomy following an episode of 
bronchiolitis. Excision carried out at 5 months of age revealed a mature teratoma.

infection. It can be repeated once or twice while preparing for definitive 
treatment. A sterile technique is mandatory, and US guidance helps to 
achieve efficient aspiration.

Positional nursing on the ipsilateral side (if unilateral) or on the 
more affected side (if the cyst extends to both sides of the neck) helps 
to take the pressure and weight off the trachea and to temporarily 
relieve airway obstruction. Endotracheal intubation or tracheostomy 
may be necessary, especially when the larynx is directly involved by 
the lymphangioma. Endotracheal intubation can be maintained for a 
few weeks to relieve the obstruction by cyst aspiration, antibiotherapy, 
sclerotherapy, or early surgical resection. Tracheostomy carries a 
significant risk for early and late complications in neonates and 
should be avoided as much as possible, but it is unavoidable in certain 
circumstances.27 If a tracheostomy is done, it should be left in place 
until definitive treatment is achieved. Oxygen supplementation should 
always be given in patients with airway obstruction.

Figure 110.4: Ulcerated left cervical cystic lymphangioma.

Feeding and Speech Difficulties
Feeding and speech difficulties can be present in lesions of the supra-
hyoid area with tongue involvement or can occur sporadically during 
episodes of rapid increase of the size of the lesion. Tube feeding or a 
gastrostomy may be required to maintain adequate nutrition.
Mortality
Reported mortality as a result of one or a combination of these compli-
cations, particularly in neonates, ranges from 0% to 2%7,12 and may be 
much higher in the African setting.4 The incidence in other reports may 
be underestimated, as many of the severely obstructed neonates may 
never reach the tertiary centres where case series are reviewed. 
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Other Complications
Skeletal overgrowth and maxillary malocclusion are also well documented.28,29

Treatment
Lymphangiomas are benign vascular malformations; therefore, growth 
is not a concern, although the size of the lesions varies over time, 
depending on inflammation, infection, bleeding, or fluid accumula-
tion in the cysts. Once the diagnosis has been established, observa-
tion during the first years of life is adequate unless the lesion causes 
severe deformity or a complication occurs. Reports of spontaneous 
resolution, sometimes following an episode of infection, have been 
published,8,12,16,20 but it remains uncommon. The mainstays of treatment 
are sclerotherapy and surgical excision. Radiation therapy, although 
occasionally used in the past, carries a risk of growth retardation and 
malignancy and is not recommended. Before considering surgery, the 
feasibility of complete excision and the risks of postoperative com-
plications and damage to adjacent structures, as well as the scarring 
involved, should be carefully weighed against the advantages and risks 
of sclerotherapy. In recent years, many centres have switched to using 
sclerotherapy as a primary treatment, followed by surgery if needed, 
rather than using sclerotherapy as rescue treatment. The prognosis var-
ies with the type of malformation (macrocystic, microcystic, or mixed 
lesion) and its location.
Types of Lesions 
Macrocystic lesions
Macrocystic lesions have the best prognosis for successful treatment 
with sclerotherapy or surgery.13,30–32 The large cysts are more easily 
removed completely, and there is less infiltration of the adjacent struc-
tures, which can usually be completely preserved. If sclerotherapy is 
done, the large cysts provide an easy access for successful treatment. 
The two treatment modalities can be combined if necessary.

Mixed lesions
In mixed lesions, the large cysts provide an access for sclerotherapy 
and the inflammatory response reduces the size of the macrocysts but 
may also have a positive effect on the microcystic components adjacent 
to the macrocysts. It is therefore essential not to surgically remove the 
large cysts before addressing the microcystic component infiltrating 
adjacent structures. Mixed lesions of the suprahyoid region are not 
completely resectable due to the infiltration of the tongue, floor of the 
mouth, pharynx, and larynx. Sclerotherapy has significantly improved 
the prognosis for such patients (Figures 110.2 and 110.5).

Microcystic lesions
Microcystic lesions are infiltrating lesions that are more difficult to treat 
both surgically and with sclerotherapy. There is little space available for 
the sclerosing material, and surgical resection is limited by the infiltration 
of important structures. Residual malformation is the rule in the major-
ity of cases unless the lesion is well delineated and completely excised. 
When the skin overlying the lesion is involved (angiokeratosis or lymph-
angiomata circumscriptum), it should be removed whenever feasible. 
Treatment Modalities 
Percutaneous sclerotherapy
Percutaneous sclerotherapy is performed with a sterile technique, usu-
ally under sedation or general anaesthesia, depending on the age of the 
child, with US guidance. Fluid is aspirated and sent for cell count and 
cytological examination to confirm the diagnosis. A contrast medium 
may be injected to identify and quantify the number of cysts and inter-
cystic communications under fluoroscopy. The sclerosing material is 
then introduced into the cysts. Many sclerosing agents have been used, 
including absolute ethanol (98%); doxycycline;33–36 OK-432 (Picibanil, 
Chugai Pharmaceutical, Tokyo, Japan);31,32,37–40 bleomycin;41–46 and 
Ethibloc (Ethicon, Norderstedt, Germany).13,47 Doxycycline has been 
used by radiologists as well as surgeons for cervical lesions as well as 

Figure 110.5: Unilateral suprahyoid, mixed macro- and microcystic: (A) At age 
2 years, inflammatory response postsclerotherapy with Ethibloc. (B) CT scan 
at age 2 years; note microcystic infiltrating lesions anterior to large cyst. (C) 13 
years follow-up after two sclerotherapies with Ethibloc and one infection at age 
2 years. (D) Residual submental scar from Ethibloc extrusion.

(A)

(C)

(D)

(B)

for those on the extremities and trunk, including intraabdominal/retro-
peritoneal lymphangiomas. 

The majority of sclerosing agents destroy the endothelial layer 
of the cysts and produce a marked inflammatory reaction. The 
use of prophylactic antibiotics, nonsteroidal anti-inflammatory drugs 
(NSAIDS), or systemic steroids to minimise swelling and the risk of 
infection are recommended by some authors. OK-432, an inactivated 
(by incubation with benzathine penicillin) strain of human Streptococcus 
pyogenes has a theoretical advantage over other sclerosants because it 
produces little or no perilesional fibrosis. However, surgery after 
other types of sclerosants has been reported without complications.13 
Significant swelling of the lesion is expected following sclerosis; 
therefore, in lesions of the cervical and oral area, the children should 
be monitored closely and endotracheal intubation should be performed 
if the airway is compromised.

Even though OK-432 appears to be a “magic bullet” in many series 
that advocate its use as a first-line treatment, others have not found 
it as effective.39 Furthermore, it has been difficult to obtain at times; 
contacting a paediatric surgical colleague in Japan may be helpful. 
As with any sclerosing agent, repeat sclerotherapy is required in most 
cases, at intervals varying from a few weeks to a few months. In some 
patients, sclerotherapy has no effect and has to be abandoned.

Surgical resection
Surgical resection should follow the precise documentation of the 
lesion with MRI or CT scan and should remove the entire lesion 
whenever feasible.48 One complete excision is technically easier than 
repeat surgical excisions of the same area. In cases where the lesion is 
too extensive for complete resection in one procedure, anatomic areas 
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are resected in staged procedures.49 The skin presenting intradermal 
involvement with visible angiokeratosis and clear vesicles should be 
resected when feasible because it increases the risk of infection and 
recurrence and may lead to persistent lymphatic cutaneous fistulas. 

Important structures, such as nerves, major vessels, and muscles, 
are dissected free from the cysts under loupe magnification and kept 
intact. The use of a nerve simulator in an unparalysed patient makes 
nerve identification easier, particularly in the head and neck area. A 
bipolar cautery is helpful to coagulate afferent lymphatic and blood 
vessels and limit injury to adjacent structures. A suction drain is left in 
place, and antibiotics are kept until the drain is removed. In cases of 
prolonged drainage, sclerotherapy can be used as an adjunct to surgery. 
Conversely, in cases where regression of the lymphatic malformation 
following sclerotherapy is incomplete, surgical resection of the residual 
lesion can be done. The surgery is done once the inflammation has 
completely subsided after the last sclerotherapy. Contrary to a widely 
accepted belief, the authors find that the procedure is often easier than 
for an untreated lesion because the cysts are smaller and their walls 
are thicker and easier to identify. The child is also generally older (see 
Figure 110.2).
Specific Locations
Lymphangiomas of the tongue usually require partial glossectomy. 
Those involving the pharyngeal and laryngeal mucosa cannot be 
resected or sclerosed, but may improve with laser ablation. Mediastinal 
lesions have been traditionally resected, but the positive results 
obtained with sclerosants for extensive retroperitoneal lymphangiomas 
may shift the treatment strategy.

Complete resection of mesenteric lymphangiomas generally 
requires resection of the adjacent bowel (Figure 110.6), but sometimes 
this is not possible. In such circumstances, as well as for multiple 
intestinal lesions, as much as possible of the cyst walls is resected, and 
the remnant can be cauterised, ideally with an argon beam coagulator. 
Fibrin glue has also been used.

Complications Following Treatment
As a rule, the same complications already discussed (airway obstruc-
tion, bleeding, infection) can occur after sclerotherapy or surgical 
excision, and the treatment is the same. Complications more specific to 
either treatment are discussed next. 
Postsclerotherapy
Pain, oedema, and localised inflammation as well as mild fever, are 
expected for 24 to 48 hours postsclerotherapy. In large neck lesions, 
this may cause airway obstruction, and careful monitoring is essential. 
Depending on the agent used, skin necrosis, nerve damage and car-
diac arrhythmia (ethanol), skin erosion, material extrusion (see Figures 
110.2 and 110.5) and infection (Ethibloc), staining of unerupted teeth 
(doxycyclin), alopecia, skin discolouration, and pulmonary fibrosis 
(bleomycin) have been reported, although this latter serious complica-
tion did not occur in a series of 200 patients with long-term follow-up.46

Postoperative
Postoperative complication rates vary significantly among published 
series,3,4,6,7,9,12 but the location of the lesion, mucosal involvement,8,27 
and the type of malformation (macrocystic, microcystic, or mixed) 
significantly affect the prognosis. For cervical lymphangiomas that 
are suprahyoid, bilateral, mixed, or microcystic, the complication and 
recurrence rate is close to 100%.6 Conversely, with unilateral macrocys-
tic infrahyoid lesions or with lymphangiomas located outside the head 
and neck area, complete excision is often possible, and the complica-
tion rate is low (Table 110.3).

(A)

(B)
Figure 110.6: This patient had an incomplete excision of a mesenteric 
lymphangioma of the sigmoid in the neonatal period. She presented at 3 
years of age with an acute abdomen and fever. At operation, a large infected 
lymphangioma (A, top left) required resection of the descending colon and 
sigmoid, as well as multiple other lesions, both mesenteric and antimesenteric, 
most containing serous fluid, others haemorrhagic; two were chylous (B).

All sites (n = 47)* Number 
(%)

Cervical location (n = 60)** Number 
(%)

Wound infection

Seroma

Respiratory 
obstruction

Pneumonia

Nerve palsies

Skin disfigurement

Injury to pharyn

14 (29.8)

11 (23.4)

9 (19.1)

7 (14.9)

6 (12.8)

4 (8.5)

1 (2.1)

Respiratory obstruction

Wound infection

Facial nerve palsy

Skin disfigurement

Hypoglossal nerve palsy

Injury to pharynx

Recurrent laryngeal nerve 
palsy

Parotid duct injury

Injury to internal jugular vein

11 (18.3)

7 (11.7)

6 (10.0)

4 (6.7)

2 (3.3)

2 (3.3)

1 (1.7)

1 (1.7)

1 (1.7)

*Sources: Uba AF, Chirdan LB. Management of cystic lymphangioma in children: experience in 
Jos, Nigeria. Pediatr Surg Int 2006; 22:353–356. Sowande OA, Adejuyigbe O, Abubakar AM. 
Management of cystic lymphangiomas in Ile-Ife, Nigeria. Niger J Surg Res 2003; 5:32–37.

Table 110.3: Complications of surgical excision of cystic lymphangiomas in 
African series.

**Sources: Ameh EA, Nmadu PT. Cervical cystic hygroma: pre-, intra-, and postoperative 
morbidity and mortality in Zaria, Nigeria. Pediatr Surg Int 2001; 17:342–343. Sowande OA, 
Adejuyigbe O, Abubakar AM. Management of cystic lymphangiomas in Ile-Ife, Nigeria. Niger 
J Surg Res 2003; 5:32–37.

The presence of a complication at the time of initial presentation 
and the age at surgery (neonates versus older children) also affect the 
prognosis. Newborns have a high risk of laryngeal oedema and airway 
obstruction following extensive neck dissection. The endotracheal tube 
should be left in place in susceptible infants and ventilation maintained 
for 48–72 hours to allow oedema to subside. Airway obstruction is 
the leading cause of postoperative mortality in Africa, particularly in 
children younger than 1 year of age.4,5,7 

Prolonged drainage and seroma (9.8%) are more frequent after 
incomplete excision, although they can occur after a macroscopically 
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complete excision. They can be treated with repeat aspiration or 
sclerotherapy.

Infections occur even with the use of perioperative antibiotics (6.6% 
to 27%). Children presenting with an ulcerated lesion have a higher risk 
of infection. 

Damage to nerves (VII, X, XI, XII, recurrent laryngeal, phrenic, 
sympathetic chain) during excision of large cervical lymphangiomas 
is reported to occur in 1% to 25% of cases and represents a significant 
morbidity. This includes facial asymmetry, speech impairment, and 
Horner’s syndrome.

Recurrence or enlargement of residual lesions occurs frequently. 
A series of 144 patients reported a 17% recurrence rate in completely 
excised lesions compared to 40% after incomplete excisions.12 Some of 
these “recurrences” are actually due to the enlargement of preexisting 
microscopic lesions neighbouring the surgical resection margins.5,8,28,50 

Prognosis and Outcome
In large series, considering all sites and types of lymphangiomas, com-
plete excision of the malformation can be obtained with one surgical 
procedure in >70% of the children.3,12 For cervicofacial lymphangio-
mas, recurrence and complications depend on the initial extent of the 
lesion.6,27 Depending on the size, location, and symptomatology of 
residual or recurrent lesions, more than one surgery may be necessary. 
It is important to understand that some lesions (e.g., suprahyoid micro-
cystic infiltrating lesions) will never be completely resectable, however, 
and research for other means of treatment is essential. 

The use of sclerotherapy has markedly increased in the recent years. 
However, not all sclerosing materials are available in every country, 
and studies comparing the different sclerosing agents are missing. 
Many centres have published very good results with 50% or more 
regression of the lesions in >75% of the cases.8,13,30–32,41 Unfortunately, 
not all lesions are amenable to sclerotherapy; as for the surgical 
treatment, the macrocystic lesions have the best prognosis (see Figure 
110.5). There is some indication, however, that sclerotherapy of the 
macrocysts included in the mixed lesions has improved the microcystic 
component. A multidisciplinary team approach and the combination of 
sclerotherapy and surgery offer many advantages. 

Evidence-Based Research
At the present time, there are no prospective, randomised studies com-
paring surgical excision and sclerotherapy. Available guidelines have 
to be based on reports of large retrospective experiences. Table 110.4 
presents a study comparing the usage of bleomycin and OK-432 with 
surgery in two time periods.

Table 110.4: Evidence-based research.

Title Treatment of lymphangiomas in children: our experience of 
128 cases

Authors Okazaki T, Iwatani A, Yanai T, et al.

Institution Department of Pediatric General and Urological Surgery, 
Juntendo University School of Medicine, Tokyo 113-8421, 
Japan

Reference J Pediatr Surg 2007; 42:386–389

Problem Role of surgical excision and sclerotherapy in the 
management of lymphangiomas.

Intervention Surgical excision, sclerotherapy.

Comparison/
control 
(quality of 
evidence)

Two periods of treatment divided arbitrarily into period I 
(1979–1988, n = 53) and period II (1989–2005, n = 75). 
Bleomycin was used as sclerosant in period I, and OK-432 
was introduced in period II. Sclerotherapy was used as the 
primary treatment in 64% of patients in period II.

Outcome/ 
effect

Effectiveness of sclerotherapy in single cysts, macrocystic, 
microcystic, and cavernous (mixed) types was 90.9%, 
100%, 68%, and 10%, respectively. Seventeen patients who 
had primary sclerotherapy required surgical excision with 
good outcome. Primary surgical excision was significantly 
more successful than sclerotherapy (88.5% versus 64.0%, p 
< 0.01). Complications after sclerotherapy included transient 
fever and swelling (32%), infection (6%), airway obstruction 
(4%), and nerve palsy (2%). In comparison, complications 
after surgical excision were more serious: lymphorrhea 
(27%), nerve palsy (9%), infection (6%), airway obstruction 
(1%), and persistent pain (1%). 

Historical 
significance/ 
comments

This report of a large series of children with various types 
of lymphangiomas at various sites (head and neck, 53.9%), 
provides a useful practice guide. Although both surgical 
excision and sclerotherapy were used for more than two 
decades, sclerotherapy became increasingly used in later 
years.

Irrespective of site, primary surgical excision was 
more effective than sclerotherapy, and the latter was more 
effective for single cysts and macrocystic lesions. It is noted 
that surgical excision may still be required after primary 
sclerotherapy, with good outcome. The complication rate 
following surgical excision and sclerotherapy was similar 
(44%), but it fell to 12% after sclerotherapy if transient fever 
and swelling were excluded.

The authors of the study recommend sclerotherapy 
alone (using OK-432) for single cysts and macrocystic 
lesions and surgical excision after initial sclerotherapy for 
microcystic and cavernous lesions.

The findings of this report have important implications 
for the African setting: primary surgery is effective, but initial 
sclerotherapy should be considered in patients at risk of 
postoperative complications (e.g., neonates and infants 
with large cervical lymphangiomas). In the African setting, 
bleomycin and doxycycline may be more readily available 
for sclerotherapy, and the latter is relatively inexpensive.

1. Cystic lymphangiomas are not common.

2. Cervical location is the most common and important site.

3. Airway obstruction and infection are common complications in 
cervical lymphangioma, both before and after surgery.

4. Ultrasonography is the minimum evaluation modality and is 
necessary to categorise and ascertain the extent of the lesion.

5. Surgical excision is effective, particularly in macrocystic 
malformations, and can be combined with sclerotherapy.

6. Sclerotherapy is more effective in single cysts and macrocystic 
lesions.

7. Cystic teratoma should be excluded by imaging and cytology if 
nonoperative management is initially chosen.

8. Morbidity can be high after surgery: complete excision should 
not be performed if injury to important structures is likely. 
Sclerotherapy should be the first-line treatment if complete 
surgical excision does not appear likely from imaging studies.

9. Morbidity and mortality are most common in cervical 
lymphangiomas and in infants younger than 1 year of age.

10. In infants younger than 1 year of age presenting without 
complications, surgery should be delayed to minimise operative 
morbidity and mortality.

Key Summary Points
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CHAPTER 111

Haemangiomas
N. Marathovouniotis

Introduction
Haemangiomas are benign tumours of vascular endothelium. Larger 
haemangiomas, especially those appearing on the face, could cause anx-
iety and psychological distress for both parents and child, a factor that 
has to be considered in treatment. Complications such as ulceration and 
infection, and sometimes bleeding, can occur. Haemangiomas are vas-
cular tumours, different than vascular malformations (see Table 111.1).

Clinical Presentation
The common sites of haemangiomas are:
• 60% at the head and neck;

• 25% at the trunk; and

• 15% at the extremities.
Critical sites are the face, especially the eyelids, the lips, and the 

anogenital area.

Problems and Complications
Large haemangiomas, especially those appearing on the face, could cause 
anxiety and psychological distress.

Complications such as ulceration and infection are quite common. 
The risk of bleeding is usually overestimated. However, a special form of 
haemangioma, pyogenic granuloma, is the only type that could be termed 
an emergency due to acute bleeding. Periorbital haemangiomas can cause 
astigmatism, ptosis, strabismus, amblyopia, or even blindness.

Lip haemangiomas could destroy a part of the soft tissue, so that 
suckling or drinking is impaired. Ear or nose haemangiomas could 
destroy a part of the cartilage or cause a deviation. Haemangiomas at the 
airways could cause airway obstruction.

Ulceration occurs more frequently at the anogenital area than at other 
parts of the body.

Huge haemangiomas can cause cardiac problems. Platelet trapping can 
cause coagulopathy (the Kasabach-Merritt syndrome) or disseminated 
intravascular coagulations.

The appearance of more than five cutaneous haemangiomas is called 
haemangiomatosis. Ultrasound (US) examination of the abdominal 
organs to exclude other vascular tumours in the liver, spleen, or pancreas 
should be performed.

Focal haemangiomas at the body trunk, at the hairy part of the head, 
or at the extremeties cause few complications. 

Investigations
Physical examination and US with colour Doppler for the assessment 
of the haemangioma dimensions, especially for subcutaneous haeman-
giomas, are standard for diagnosis. MRI should be considered for hae-
mangiomas in the deeper soft tissue layers, or when vascular tumours 
are suspected in the chest or in the skull. Biopsy is indicated only in rare 
cases when the clinical signs indicate a possible malignancy.

Treatment
The aim of treatment is to stop the progression of the haemangioma 
with minimal side effects and to induce involution. A complete involu-
tion in the first 2 years of life is not the main goal of the treatment. If 
the haemangioma shows regression after initial therapy, further natural 
involution after the 12th month of life could be expected.

Intervention may be required for lesions that interfere with a vital 
structure or function. These include:
• lesions in the airway, liver, or gastrointestinal tract;

• lesions in the periorbital region;

Vascular Tumours Haemangioma
Haemangioendothelioma
Tufted angioma
Glomangioma
Pyogenic granuloma

Vascular Malformations Capillary vascular malformation
Venous malformations
Arteriovenous
Lymphatic malformations
Combined vascular malformations

Table 111.1.: Classification of vascular tumours and vascular malformations.

Demographics
Haemangiomas are the most common tumours at infancy. They are 
present in 1.1–2.6% of newborns. They appear even more frequently 
among premature babies. The female-to-male ratio is 3:1. 

Aetiology/Classification
The cause of haemangiomas has not been determined. The parents should 
not feel guilty for the occurrence or appearance of one of these vascular 
birthmarks. They show a dynamic growth and a dynamic regression. 
Angiogenic factors appear to play an important role in the growth and 
involution of haemangiomas.

According to a new classification, the most common haemangiomas 
are the focal haemangiomas, which progress from a central focus to a 
round vascular tumour. Less common are segmental haemangiomas, 
which spread within a body growing segment. These lesions are difficult 
to treat and show a number of complications. The type of haemangioma 
needs to be considered when deciding the timing and modality of therapy. 
Those haemangiomas that cannot be classified in one or the other group 
are called nondetermined haemangiomas.

Haemangiomas can appear within 1 to 4 weeks of age (30% of all 
haemangiomas), or they are visible immediately after birth as a small red 
macula (70% of all haemangiomas). These vascular tumours develop a 
rapid proliferation in the first 6 months of life and undergo a slow involution 
after the first year of life. The rapid proliferative phase can last even longer, 
and the involution is variable and may be incomplete years later. How large 
these lesions will grow in the proliferative phase is not known. Certain 
sites show a regression less frequently than other sites. The involution is 
complete in only 50–60% of all the haemangiomas, which means that about 
50% of these tumours would need treatment due to partial involution and a 
remaining disturbing part such as a remaining scar or teleangiectasy. 
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• lesions of the nose, lip, or ear;

• large segmental haemangiomas on the face; and

• lesions complicated by ulceration.
The cosmetic result for progressive haemangiomas are generally 

better the sooner initial therapy begins. Haemangiomas at critical sites, 
such as the lips, eyelids, nose, ears, or anogenital area, should be treated 
as soon as possible (4–8 weeks of age).

Focal haemangiomas at the body trunk, upper or lower limbs, 
or even the hairy part of the head hardly cause any cosmetic or 
functional problems. Active nonintervention should be suggested for 
these uncomplicated haemangiomas; this means observation with serial 
photography and measurement of the lesion to monitor the clinical 
course. In these cases, waiting for spontaneous involution is suggested. 
The cosmetic result after spontaneous involution is sometimes better than 
after surgical interventions.

The choice of treatment depends on factors such as:
• type (flat, voluminous, subcutaneous, focal, or segmental);

• size;

• rate of growth and involution;

• location (e.g., face or body trunk); and

• age of the child.
Treatment modalities include:

• cryotherapy;

• laser treatment;

• surgery;

• intralesional steroids;

• systemic steroid treatment;

• systemic B-blocker treatment;

• intralesional bleomycin; and

• intralesional fibrin glue.

Cryotherapy
The freezing process of cryotherapy damages the endothelial cells of 
the haemangioma and stops the proliferation of the haemangioma. This 
is the most suitable treatment for small focal superficial haemangiomas 
(Figure 111.1). Treatment is possible with liquid nitrogen; the metal 
probe is frozen at –180°C, and is held on the surface of the haeman-
gioma for 10 seconds. New electrical devices enable cryotherapy at a 
constant temperature of –32°C with a contact time of 20 seconds. The 
electrical devices cause fewer complications such as ulcerations and 
discolouration of the skin. This makes cryotherapy advisable even for 
flat, small haemangiomas on the face.

The great advantage of cryotherapy is using local anaesthetics 
(eutectic mixture of local anaesthetics, or EMLA) instead of general 
anaesthetics, which is usually necessary for laser treatment. EMLA 

Figure 111.1:Focal haemangioma at the back of the neck.

cream should be applied in small quantities and on small surfaces. EMLA 
contains prilocaine hydrochloride, which has been associated with 
infantile methemoglobinemia. 

In cases of incomplete regression of the haemangioma after cryotherapy, 
repeating the treatment in 6 weeks time should be recommended.

If the haemangioma has a height of more than 2 mm, cryotherapy 
would manage a reduction of the redness or even an ulceration, but not 
a regression.
Laser Treatment
The neodymium:yttrium aluminium garnet (Nd:YAG) laser (1060 nm) is 
the most common laser device for the treatment of haemangioma because 
it penetrates deeper in the tissue and is not readily absorbed by haemo-
globin or water. Through selective thermolysis, the laser beam destroys 
the haemangioma vessels.

Laser treatment is suitable for haemangiomas that have a large surface 
and large volume and are superficial (flat and reddish) or deep (beneath 
the skin surface and bluish). 

The Nd:YAG laser beam could be applied over an ice cube, with the 
special handpiece through the skin (transcutaneous). The ice cube cools 
the skin surface and avoids blistering. The heat reaches a depth of about 
8 mm under the skin surface.

Another option is an intralesional application with the bare laser 
fibres. In this modality, the light reaches the vascular tumour without any 
absorption, reflexion, or refraction. Thermolysis is much more effective 
than the transcutaneous application, but the side effects are more obvious.

Treatment with the Nd:YAG laser is painful, so general anaesthesia is 
necessary. During this treatment, the eyes of the child have to be closed 
and protected. 

The laser treatment has to be repeated in intervals of 6 to 8 weeks; 
haemangioma on the face, lip, or eyelid needs 3–5 laser sessions 
(Figure 111.2).

The pulsed dye laser (PDL; 585 nm) penetrates no deeper than 1–2 
mm and is mainly used for reducing the redness of a haemangioma. It 
could be used in certain devices as a combination with a Nd:YAG laser 
for the treatment of large haemangiomas.

PDL alone is mainly used for the treatment of a “port-wine stain”, or 
nevus flameus, a vascular malformation of the capillaries.

Figure 111.2: Haemangioma of the face before (left) and after (right) five 
Nd:YAG laser treatments.

Surgical Treatment
Surgical treatment is mainly performed after laser treatment or after an 
incomplete spontaneous regression when a haemangioma rest causes a 
cosmetic problem. Large haemangiomas at the neck or trunk, especially 
those under the skin, usually undergo surgical treatment. The incision 
lies in the skin tension lines, the skin closure causes no problem, and 
the result is very satisfactory. Some authors advocate circular excision 
and insertion of a purse-string suture, which can be performed serially. 

Bulky haemangiomas at the hairy part of the head can be removed 
surgically if they cause cosmetic problems. The wound closure will 
leave a thin scar, which would be covered by the hair. The surgical 
removal of haemangiomas at the extremities is limited due to the 
difficult skin-defect cover. Operation of a haemangioma in childhood 
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1. Haemangiomas are the most common benign tumours in 
infancy.

2. Sixty percent of haemangiomas appear at the head and neck.

3. The standard for diagnosis of haemangiomas is a physical 
examination, using ultrasound with colour Doppler for the 
assessment of tumour dimensions.

4. The choice of treatment depends on factors such as type, size, 
rate of growth, location of haemangioma, and age of the child.

5. The usual treatment modalities are cryotherapy, laser treatment, 
surgery, systemic treatment with steroids, and beta blockers.

Key Summary Points
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Figure 111.3:Before (left) and after (right) beta-blocker systemic therapy 

requires a general anaesthetic. The advantage of the surgical procedure 
is the definite complete removal of this vascular tumour in most cases 
in one session of general anaesthetics. The results are very satisfactory 
if the size and location of the haemangioma are considered. The 
remaining scar should be discussed with the parents before surgery. 

Injury of other structures, such as nerves and important vessels, can be 
avoided through meticulous operative technique and loupe magnification. 
Systemic or Intralesional Steroid Treatment 
The positive effect of systemic steroids in the treatment of haemangio-
mas is well known, especially in rapid progressive haemangiomas on 
the face or other critical locations. The side effects of systemic steroids 
(e.g., weight gain, growth arrest, cataracts, and cardiomyopathy) are 
also well known. These side effects are usually reversible. The recom-
mended systemic steroid treatment is 3–5 mg/kg per day. This dosage 
should be taken for no less than 6 weeks and for as long as 12 weeks.

The use of intralesional steroids with success is mainly reported in 
ophthalmic cases of periorbital haemangiomas. The use of a mixture 
of triamcinolone acetonide (cristalloid) and betamethesone acetate is 
related to severe complications, such as vascular occlusion of the retina 
and eyelid necrosis. Therefore, this method is mainly used only by 
experienced ophthalmologists.
Systemic Beta-Blocker Treatment 
In 2008, successful treatment of complicated haemangiomas with the 
systemic beta-blocker propranolol was reported. Propranolol should be 
given, after cardiological examination with US and electrocardiogram 
(ECG), under blood-pressure monitoring in the hospital at a dose of 
2 mg/kg per day in 3 daily divided doses. Severe side effects are not 
reported. The results are very encouraging, so propranolol could sub-
stitute for systemic steroid application in the treatment of complicated 
haemangiomas (Figure 111.3).

Intralesional Bleomycin
Intralesional bleomycin has been reported for the treatment of large 
complicated haemangiomas. Bleomycin is a sclerosant and an antineo-
plastic agent that has an apoptotic effect on rapidly growing immature 
cells. This method requires multiple general anaesthetics in children. 
Scarring with overlapping hyperpigmentation is a common side effect. 
Intralesional Fibrin Glue Treatment
The use of fibrin glue injections in vascular tumours and vascular mal-
formations is occasionally reported with encouraging results.
Systemic Interferon Alpha Treatment
Interferon alpha therapy is reserved for life-threatening haemangio-
mas due to its severe side effects (e.g., fever, leucopaenia, nephritis, 
nephrotic syndrome, and autoimmune diseases such as thyroiditis and 
spastic paresis).

Evidence-Based Research
To date, no studies compare the different treatment modalities, consid-
ering the wide range of vascular tumours and vascular malformations. 
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Syndrome Arteriovenous malformation

von Hippel-Lindau disease Cerebelloretinal haemangioblastomatosis

Klippel-Trenaunay syndrome Naevus, varicose veins, limb hypertrophy

Kasabach-Merritt syndrome Platelet consumption, kaposiform 
haemangioendothelioma, or tufted angiomas

Parkes-Weber syndrome Microfistulous arteriovenous communication

Maffucci syndrome Cavernous haemangioma, dyschndroplasia, 
osteochondromas

Sturge-Weber syndrome Encephalotrigeminal haemangiomatosis

Servelle-Martorell syndrome Cavernous haemangioma, limb hypotrophy

Rendu-Osler-Weber 
syndrome

Hereditary haemorrhagic telangiectasia

Louis-Bar syndrome Ataxia telangiectasia

Sturge-Weber syndrome Facial capillary malformations

Riley-Smith syndrome Macrocephaly, pseudopapilloedema, 
lymphaticovenous malformation

Introduction
An arteriovenous malformation (AVM) is defined as an abnormal 
communication between an artery and vein that bypasses a capillary 
bed. These lesions may present as isolated, innocuous cutaneous naevi, 
or they rarely may take the form of life-threatening systemic shunts 
involving large portions of the body. They may occur at any site, 
involve any organ, and violate normal tissue planes. AVMs are present 
at birth, and are neither neoplastic nor proliferative. As such, they grow 
commensurate with the child. 

AVMs are best characterised by the type of abnormal vascular 
channel, the degree of blood flow, and the structures involved. The 
most common sites of these lesions are the pelvis, extremities, and 
intracranial circulation.1 Cutaneous AVMs are usually noted at birth but 
are given little attention due to their innocent appearance. A standard 
approach to management of AVMs does not exist due to the rare need 
for treatment. Furthermore, AVMs are frequently associated with 
additional findings and fall under the auspices of multiple syndromes2 
(Table 112.1). 

Table 112.1: Syndromes with associated arteriovenous malformations

Demographics
The prevalence of congenital AVMs is unknown. Differences in nomen-
clature and the lack of an accepted classification contribute to the 
inability to collectively analyse reported cases. In the Western world, 
congenital AVMs account for only 1 in 10,000 hospital admissions.2 
This rate likely represents an underestimate of the true prevalence 

because most lesions are initially asymptomatic. Although congenital 
AVMs are present at birth, they are often not diagnosed and treated 
until later in life as they become more clinically apparent. One-half of 
all congenital AVMs occur in the extremities, with two thirds of these 
occurring in the lower limb.3 There is a paucity of epidemiologic data 
from Africa and it is unclear whether the data provided from the West 
are appropriate for the African region. Diarra et al. described 20 cases 
of vascular malformations at a single African institution over a 4-year 
period with a female-to-male ratio of 1.5:1 and an average patient age 
of 15.5 years at presentation.4 However, little other data regarding the 
incidence or prevalence of AVMs on the African continent are available.

Embryology and Pathology
Embryology
During the third week of foetal life, mesenchymal cells differentiate 
into primitive capillary clusters. By the 48th day of gestation the capil-
lary clusters connect with feeding arteries and draining veins. AVMs are 
a result of structural abnormalities formed during foetal development 
and are therefore not neoplasms. Vascular malformations occur as a 
result of hypoplasia, hyperplasia, aplasia, or any combination of any of 
these vascular structures. In the foetus, an AVM can be detected only on 
prenatal ultrasound if the AVM is very large or results in foetal hydrops.
Pathology
AVMs contain enlarged vascular spaces lined by nonproliferating 
endothelium, and not the mitotically active endothelial cells of a hae-
mangioma. Thus, AVMs do not undergo the different stages of growth 
and involution seen in haemangiomas. They have an increased ratio of 
endothelial cells to smooth muscle cells of 214:1, as compared to a ratio 
of 10:1 to 62:1 found in normal vessels.5 Histologic features include:

• ectatic capillaries, veins, or lymphatics;

• thin basement membranes; and

• absence of rapid endothelial turnover.

Natural History
In contrast to haemangiomas, AVMs do not improve nor resolve with 
time. Generally, an AVM will grow in parallel with the child’s growth.

Clinical Presentation
History
Vascular malformations are present at birth but are not necessarily 
obvious. The presentation of the lesion differs, depending on the aetiol-
ogy of the lesion and its location. In 1982, a biologic classification of 
vascular anomalies was proposed that separated true haemangiomas 
(neoplasms) from vascular malformations and was based on cellular 
characteristics correlated with both physical examination and natural 
growth history.6

Unlike haemangiomas, vascular malformations do not undergo 
rapid growth and involution; rather, they grow in proportion to the 
body. AVMs are often high-flow lesions. Fast flow typically becomes 
evident in childhood; hormonal changes during puberty or minor 
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trauma may trigger expansion. A cutaneous AVM presents as a mass 
under the skin with noted warmth, a dermal stain, palpable thrill, 
audible bruit, or visible pulsation (Figure 112.1). Capillary vascular 
malformations appear to follow sensory nerve distribution and have 
a purplish hue. Venous malformations are easily compressible and 
swell with dependent positioning. Unlike malignant tumours, AVMs 
are lined by mature endothelial cells, which do not proliferate to a 
greater extent than normal cells. Enlargement occurs as a result of 
blood flowing through “paths of least resistance,” and the voluminous 
blood flow accounts for the progressive dilatation of the preexisting 
channels. If flow through the fistula is large enough, the distal organ 
may suffer permanent ischaemic changes, such as wasting or gangrene 
due to “stealing” of blood through the fistula. A clinical staging system 
introduced by Schobinger is useful for documentation of AVM in any 
anatomic site7 (Table 112.2). 

Figure 112.1: Upper extremity AVM presenting as a large mass under the skin 
in an adult.

Table 112.2: Schobinger staging for arteriovenous malformations.

Stage Description

I (quiescence) Pink bluish stain, warmth, and arteriovascular 
shunting

II (expansion) Same as stage I, plus enlargement, pulsations, 
thrill, bruit, and tortuous/tense veins

III (destruction) Same as stage II, plus dystrophic skin changes, 
ulceration, bleeding, persistent pain, or tissue 
necrosis

IV (decompensation) Same as stage III, plus cardiac failure

Physical Examination
A palpable thrill and bruit are often present in large fistulas. The distal 
arterial blood flow may be limited, depending on the size of the fistula 
shunt, which may present as a diminished distal pulse with or without 
symptoms of ischaemia. Frank gangrene of the end-organ occasion-
ally can be seen. The resultant venous hypertension also may result in 
brawny oedema, stasis skin changes, and, ultimately, chronic venous 
ulcers. When large or multiple arteriovenous communications affect an 
entire extremity during early life, before epiphyseal closure, increased 
bone growth and limb hypertrophy or hypotrophy may occur, such as 
in the Klippel-Trenaunay syndrome. 
Complications 
Overlying ischaemic ulcers, adjacent bone destruction, or local hyper-
trophy may occur. In rare instances, the increased venous return to 
the heart combined with an increase in plasma volume may produce 
cardiac enlargement and congestive heart failure. Placental AVMs may 
result in a significant shunt from the maternal to the foetal circula-

tion, producing hydrops foetalis.8 Further complications include pain, 
haemorrhage, ulceration, cardiac effects, and destruction of surround-
ing structures. Therefore, treatment requires elimination of this lesion.

Investigations
Most congenital AVMs are recognised easily on physical examination 
and do not warrant further investigation. However, in patients requiring 
therapy, diagnostic studies are often useful to determine the type and 
extent of the lesion. However, the clinician must balance the utility of 
imaging with the cost in areas where resources are limited. Several 
imaging options are effective, as discussed here.
Ultrasonography
Ultrasonography (US) is a useful screening examination, but is 
highly operator dependent. When combined with colour-flow imaging 
(duplex scan), it can be helpful in differentiating slow-flow anomalies 
(mainly venous and lymphatic types) from fast-flow arterial anoma-
lies. Comparison with the normal contralateral limb will demonstrate 
a sharp contrast with the arterial signal at a corresponding level. Due 
to its relatively low cost, US may be the modality best suited to the 
African setting for cases that require imaging. However, the major 
drawback to this technique is limited delineation of the size of the 
lesion and its relation to adjacent structures. 
Computed Tomography
Contrast-enhanced computed tomography (CT) may give the practitio-
ner additional information not available on US. The appearance of vas-
cular malformations on CT vary, depending on their origin and location, 
but the full extent of the lesion is often delineated. Venous malforma-
tions typically have heterogeneous enhancement and sometimes calci-
fications. The cost of CT scanning may be prohibitive in developing 
regions; thus, its use should be reserved for cases for which a surgical 
resection is to be undertaken and the extent of the lesion is in question.
Magnetic Resonance Imaging and Angiography
Magnetic resonance imaging and angiography (MRI/MRA) is per-
haps the most accurate radiologic study to evaluate vascular lesions. 
Magnetic resonance is able to differentiate vascular malformations 
from haemangiomas and is able to easily distinguish high-flow lesions 
from low-flow lesions. An additional advantage is that MRI avoids the 
use of contrast agents and exposure to radiation. Again, however, the 
cost of this study may render it of limited value in the African setting.
Angiographic Evaluation
Angiographic evaluation, consisting of arteriography, venography, or 
fistulography, may be the most useful diagnostic tool for AVMs. It is 
also useful as a therapeutic adjunct in certain instances. Arteriographic 
findings suggestive of AVMs include: 
• arterial dilatation and tortuosity;

• blushing or puddling of dye in the vascular channels;

• visualisation of the arteriovenous fistula itself;

• early venous filling; and 

• dilatation of the draining venous channel.

Treatment
Therapy for AVM should be adapted to the extent, location, and degree 
of disability produced by the lesion. Treatment is rarely indicated dur-
ing infancy or early childhood for a stage I AVM, unless postnatal high 
output heart failure caused by shunting is evident. In this circumstance, 
prompt embolisation or surgical excision may be necessary. In general, 
treatment is usually reserved for symptomatic lesions (e.g., recalcitrant 
ulceration, ischaemic pain, bleeding, increased cardiac output), cos-
metically unacceptable lesions, and lesions in critical locations (e.g., 
encroaching on orifices or key organ structures, including the mouth or 
eye) that may otherwise be asymptomatic. 
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The disability from the lesion must be weighed against the extent 
of disfigurement caused by excisional therapy and the cost and 
availability of the various nonsurgical techniques. Port wine stains are 
best ablated by using laser photocoagulation. Venous malformations 
of the extremities with symptoms of venous hypertension may benefit 
from the use of external compression stockings. Additionally, they 
may sometimes be treated by using laser therapy, sclerotherapy, or 
surgical removal. 

Therapy for arteriovenous malformations consists of angiography 
with selective embolisation or complete surgical excision. Embolisation 
is particularly useful for lesions not accessible to surgery, such as in deep 
tissue planes, or in patients for whom resection would cause a significant 
deformity. Transcatheter embolisation alone, although often necessary 
multiple times, is sufficient to eliminate or improve symptoms in a high 
percentage of patients.1 The most effective agents for embolisation seem 
to be cyanoacrylate adhesives administered through the technique of 
superselective catheterisation of arterial branches allowing access to the 
nidus of the AVM. Absolute alcohol seems to be an effective agent for 
sclerotherapy of lower flow venous malformations. Simple ligation is 
ineffective, with high rates of recurrence. 

Embolisation has generally failed for large lesions but is useful 
when performed within 24 hours preceding operation to reduce 
blood loss at the time of excision. Occasionally, hypothermia and 
cardiac bypass are required to minimise blood loss during surgical 
excision of large lesions. If it is feasible to remove the entire mass 
and preserve limb function, complete excision should be attempted 
and should include ligation of all feeding vessels. Proximal ligation of 
feeding vessels in AVMs without resection of the nidus often results 
in continued enlargement of the AVM and increased recruitment of 
smaller feeding and draining vessels.1 Furthermore, proximal ligation 
may make subsequent transcatheter therapy impossible by obstructing 
access. The nidus and usually the involved skin must be excised widely 
(Figure 112.2). However, if the overlying skin is normal, it can be 
saved. The most accurate way to determine the completeness of the 
resection is observing the pattern of bleeding from the wound edges.9 
The defect should be primarily closed with either local tissue or distant 
tissue free-transfer using a microsurgical technique. If there is any 
question about the adequacy of resection, depending on the location of 
the defect, temporary coverage with a split thickness skin graft is often 
the best strategy.

Prognosis and Outcome
The surgeon must be aware that surgical resection may still result in 
residual arteriovenous connections, as congenital AVMs are almost 
never confined to a single anatomic segment of the arterial tree or to 
circumscribed anatomic regions. Patients may be followed for years 
by clinical examination, US, or MRI for signs of occult recurrence. 
However, clinical examination is likely the most cost-effective method 
in developing regions such as Africa.

Ethical Considerations
In consideration of limited resources and patient follow-up, procedures 
that may require multiple visits, such as transcatheter embolisation, 
may not be accessible or practical. Surgical resection thus remains 
the primary modality of treatment in these circumstances, ideally as a 
single-stage definitive treatment. In addition, diagnostic technologies 
such as MRI may not be readily available, and less expensive strate-
gies such as clinical examination and US may determine the extent of 
surgical resection. 

Evidence-Based Research
At this time, no prospective randomised studies exist that compare 
surgical excision to angiographic embolisation in peripheral and 
organ-based AVMs. Often, these modalities are used in an adjunctive 
fashion. Furthermore, the majority of evidence-based literature per-
tains to intracranial AVMs. Tables 112.3 and 112.4 report experiences 
in AVM management.

Figure 112.2: Dissection of AVM from upper extremity (left); AVM specimen 
including resected overlying skin, en bloc (right).

Postoperative Complications
Surgical site infection and local wound complications, as seen in any 
skin or soft tissue procedure, may be seen with resection of cutaneous 
AVMs. Unless the lesion is completely resected, there is a reasonable 
chance for recurrence. For sclerotherapy, direct puncture of the nidus is 
required in conjunction with local arterial and venous occlusion from 
embolisation of feeding arteries. There is a high risk of severe neuro-
logic and soft tissue damage with this combined method. For AVMs 
found in solid organs, the complications associated with resection mir-
ror those seen after resection for other pathology.

Title Vascular malformations of the upper limb: a review of 270 
patients 

Authors Upton J, Coombs CJ, Mulliken JB, et al.

Institution Division of Plastic Surgery, Department of Surgery, and the 
Division of Vascular and Interventional Radiology, Children’s 
Hospital, Harvard Medical School, Boston, Massachusetts, 
USA

Reference J Hand Surg Am 1999; 24(5):1019–1035

Problem Evaluation and categorisation of 270 vascular malformations 
in the upper extremity over a 28-year period.

Intervention During the study period, 260 surgical resections in 141 
patients were completed. Magnetic resonance imaging with 
and without contrast best demonstrated the site, size, flow 
characteristics, and involvement of contiguous structures 
for all types of malformations. Resections were restricted to 
well-defined regions and often completed in stages.

Comparison/
control 
(quality of 
evidence)

The surgical strategy in all groups was to thoroughly 
extirpate the malformation with preservation of nerves, 
tendons, joints, and uninvolved muscle, and to perform 
microvascular revascularisation and skin replacement 
as required. Preoperative angiographic assessment with 
magnified views were an important preoperative adjunct 
before well-planned resection of fast-flow AVMs.

Outcome/ 
effect

Symptomatic slow-flow malformations and types A and B 
fast-flow anomalies were resected without major sequelae. 
Type C arterial anomalies, which included diffuse, pulsating 
lesions with distal vascular steal, progressed clinically and 
resulted in amputation in 10 of 14 patients. The complication 
rate was 22% for slow-flow lesions and 28% for fast-flow 
lesions.

Historical 
significance/ 
comments

The role of selective angiography and embolisation is 
still evolving, and this retrospective study suggests a 
preoperative algorithm that includes these techniques 
before planned excisions of most fast-flow lesions. Although 
this study did not directly compare head-to-head imaging 
modalities or even therapy that did or did not include 
surgery, it is valuable in that it reviews one of the largest 
reported experiences in a highly specialised and renowned 
vascular malformation treatment center.

Table 112.3: Evidence-based research.



 Arteriovenous Malformations 663

1. Lesions are present at birth and are nonproliferative, unlike 
haemangiomas.

2. Arteriovenous malformations may be observed unless they 
become symptomatic.

3. Investigative measures help identify the extent of the lesion and 
include ultrasound, computed tomography with contrast, and 
magnetic resonance imaging.

4. Treatment, if necessary, consists of complete surgical excision 
when possible.

5. If the lesion is not easily accessible or resection would 
cause undue morbidity, selective embolisation may improve 
symptoms.

6. Recurrence is not uncommon if the lesion is not completely 
resected.

Key Summary Points
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Title Transcatheter embolization of extremity vascular 
malformations: the long-term success of multiple 
interventions

Authors Rockman CB, Rosen RJ, Jacobowitz GR, et al.

Institution Department of Vascular Surgery, New York University 
Medical Center, New York, New York, USA

Reference Ann Vasc Surg 2003; 17(4):417–423

Problem Alternative therapy for management of congenital vascular 
malformation in the extremity.

Intervention Superselective catheterisation of feeding vessels and 
transcatheter administration of embolic agents were 
performed in 50 patients. Indications for therapy included 
severe pain, haemorrhage, congestive heart failure, 
distal extremity ischaemia or ulceration, and mass effect 
causing significant oedema or other functional disturbance 
of the extremity. Embolic agents used for arteriovenous 
malformations included rapidly polymerising acrylic adhesives 
(n-butyl cyanoacrylate (NBCA) or isobutyl cyanoacrylate 
(IBCA)) and polyvinyl alcohol foam particles (Ivalon). 

Comparison/
control 
(quality of 
evidence)

Retrospective review of 50 patients over 15 years of upper- 
and lower-extremity arteriovenous malformations utilising 
transcatheter embolisation therapy. 

Table 112.4: Evidence-based research.

Outcome/ 
effect

Predominantly venous lesions were treated by sclerotherapy 
with injection of ethanol. Arteriovenous and arterial lesions 
were treated by embolisation via the arterial branch feeding 
vessels with cyanoacrylate. The most common vessels 
involved and treated were branches of the profunda 
femoris and tibial arteries (83% of lower-extremity lesions), 
and branches of the brachial and radial arteries (82% of 
upper-extremity lesions). Patients required a mean of 1.6 
embolisation procedures (range 1–5) over a mean period 
of 57 months. Sixteen patients (32%) underwent more than 
one embolisation procedure. Of these, 1 was a planned 
staged procedure and 15 were performed secondary 
to residual or recurrent symptoms. Adjunctive surgical 
procedures were performed subsequent to embolisation in 
three cases (6%). Ninety-two percent of patients remained 
asymptomatic or improved at a mean follow-up of 56 
months. There was one case of limb loss (2%). Diffuse 
extremity vascular malformations are difficult to eradicate 
completely, and recurrences are common.

Historical 
significance/ 
comments

As a retrospective review, this study lacks predictive 
power of the proposed treatment strategy of transcatheter 
embolisation. However, this study still retains value, as 
it is one of the largest studies reporting the outcome of 
transcatheter embolisation. The authors acknowledge that 
for patients in whom significant symptoms do develop, the 
optimal treatment is probably complete surgical resection 
of the superficial, limited lesion when this is possible. 
However, they further suggest that even though transcatheter 
embolisation is not a cure, it is highly successful for symptom 
relief in complex lesions, albeit this may require multiple 
procedures. Subsequently, with the knowledge that surgical 
extirpations are difficult and perhaps even impossible 
for some larger lesions, they assert that transcatheter 
embolisation is the treatment of choice in these situations.
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Introduction
Unilateral limb enlargement (ULE) is a challenging diagnostic and 
management problem. Treatment options are often complex and are 
dependent upon accurately determining the correct aetiology for each 
individual case. Although the enlargement may be mild and may pass 
unrecognised, it can attain a tragically distorting and grotesque dimen-
sion, leading to significant functional, cosmetic, and psychological 
complications. The complex nature of this problem, combined with the 
rarity in presentation, has led to inconsistencies in management that 
need to be addressed. 

Demographics
The exact incidence of ULE within Africa is not fully known. This is 
due to both the difficulties in obtaining accurate epidemiological stud-
ies for any rare condition within Africa and a lack of consistency in the 
actual diagnosis of the problem, with frequently misused terminology 
and nomenclature especially relating to the causes of this condition.1

Limb Embryology 
Limb development takes place over a 5-week period from the 4th to 
8th weeks of embryological life.2 Development of the upper and lower 
limbs is similar, although morphogenesis of the upper limb is usually 
about 1–2 days ahead of the lower limb, and at 7 weeks the limbs rotate 
in opposite directions (the upper ones rotating laterally 90°, so that the 
extensor muscles lie on the lateral and posterior surface and the thumbs 
lie laterally, whereas the lower ones rotate 90° medially, placing the 
extensor muscles on the anterior surface and the big toe lies medially).3 

Upper limb buds form on the ventrolateral wall at about the level 
of C5 to T1, and lower limb buds form at about L1 to L5. Each bud 
consists of a mesenchymal core (derived from lateral plate mesoderm) 
covered by a layer of cuboidal ectoderm. This ectoderm thickens to 
form an apical ectodermal ridge along the distal margin of the limb bud 
to maintain outgrowth of the limb bud along the proximal-distal axis.3 

The terminal portions of the limb buds become flattened to form 
the handplates and footplates, which are separated from the proximal 
segment by a circular constriction. Digital rays appear on the hand and 
foot plates, with fingers and toes formed by a process of programmed 
cell death between these rays.2 A second constriction divides the 
proximal portion into two segments, enabling the main parts of the 
extremities to be recognised.3 The bones, tendons, and other connective 
tissues of the limb arise from the lateral plate mesoderm, but the limb 
muscles and endothelial cells arise in the somatic mesoderm and 
migrate into the limb buds.2

Congenital limb anomalies are rare, occurring in approximately 6 
per 100,000 births.3 Anomalies fall into four categories:2 
• reduction defects—either the entire limb (amelia) or part of the limb 
(meromelia) is missing; 

• duplication defects—supernumary of limb elements, such as poly-
dactyly (presence of extra digits); 

• dysplasias—limb fusions, such as syndactyly (digit fusion); or 

• disproportionate growth—limb is abnormally larger, smaller, longer, 
or shorter. 
Primary limb enlargement may be associated with conditions 

such as Beckwith-Wiedemann syndrome, McCune-Albright syndrome, 
Proteus syndrome, macrodactyly, and isolated hemihypertrophy.4,5 
To date, no definite documented report of a teratogen-induced limb 
enlargement has appeared.

Aetiology
A wide range of differentials can cause ULE, both congenital and 
acquired. It may occur as an isolated abnormality or as part of a 
syndrome (hemihyperplasia syndromes are a heterogenous group of 
disorders with asymmetric limb growth being the primary finding).6 
The most common cause for ULE in the developing world is secondary 
lymphoedema as a result of lymphatic filariasis. Worldwide, more than 
120 million people have been affected by the disease, of which more 
than 40 million are seriously incapacitated and disfigured. One-third of 
all cases occur within Africa. 

Although ULE is primarily thought to be a disease of adulthood, 
occurring only sporadically in children, the increasing sensitivity of 
tests to detect the responsible parasites has demonstrated that infection 
often occurs in childhood but remains subclinical for many years.7 
Given the wide range of differentials causing ULE in children, it is 
helpful to consider the anatomical structures within the limb when 
attempting to determine the cause (see Table 113.1).
Lymphoedema
Lymphoedema is a progressive pathological condition in which there is 
interstitial accumulation of protein-rich fluid and subsequent inflamma-
tion, adipose tissue hypertrophy, and fibrosis. It is caused by lymphatic 
transport dysfunction and most commonly affects the limbs, with the 
resulting swelling potentially leading to disfigurement as well as 
decreased mobility and function.8 Lymphoedema can be either congeni-
tally determined (primary) or as a consequence of acquired lymphatic 
failure due to obstruction or damaged lymphatics (secondary).9 The 
lymphatics could be aplastic, hypoplastic, or hyperplastic.

Primary lymphoedema is rare, affecting 1.5 per 100,000 population 
younger than 20 years of age.10 It is subdivided into categories 
according to the onset of symptoms:8 
• congenital hereditary lymphoedema (Milroy disease) presents at 
birth or within the first two years of life; 

• familial lymphoedma praecox (Meige disease) typically presents 
during puberty; and 

• lymphoedema tarda presents spontaneously after 35 years of age. 
Worldwide, secondary lymphoedema accounts for about 90% of both 

paediatric and adult cases of lymphoedema. The most prevalent cause 
of secondary lymphoedema is filariasis secondary to infection with 
the filarial worms Wuchereria banrofti and Brugia malayi. Secondary 
lymphoedema is a mosquito-borne disease in which adult filarial worms 
lodge in the lymphatic systems, thus obstructing lymphatic vessels and 
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and epidermal naevi (the so-called CLOVE syndrome, standing 
for Congenital Lipomatous Overgrowth, Vascular alformations, and 
Epidermal naevi).16 
Soft Tissue/Neuromuscular
Excessive deposition of fatty/fibrous tissue can result in limb enlarge-
ment, especially if deep and diffuse.17 There is also growing evidence 
that the peripheral nervous system has an important role in limb size 
regulation, with peripheral nerve abnormalities resulting in limb over-
growth.4 Soft tissue overgrowth can affect skin, fat, lymphatic, or nerve 
structures, although flexor tendons and blood vessels may be spared. 
This means that although the tissues may be abundant in a limb, they 
have a relatively poor blood supply. 

Lipoblastoma and lipoblastomatosis are rare benign soft tissue 
tumours that occur almost exclusively in infants and children, resulting 
from proliferation of primitive adipocytes. Lipoblastoma is encapsulated 
and more likely to be superficial, whereas lipoblastomatosis is 
infiltrative and likely to be deeply situated.18,19 Neurofibromatosis 
type 1 is an autosominal dominant condition with several clinical 
forms including elephantiasis nervorum, which includes neurofibromas 
of the extremities that cause greatly thickened skin stimulating 
limb hypertrophy.20 Macrodystrophia lipomatosa is a rare form of 
localised gigantism characterised by progressive overgrowth of all 
the mesenchymal elements with a disaproportionate increase in 
the fibroadipose tissues. This congenital abnormality occurs most 
frequently in the distribution of the median nerve in the upper extremity 
and in the distribution of the planter nerves in the lower extremity.21 
HHML syndrome is a rare hemihyperplasia syndrome that is similar 
in presentation to the Proteus syndrome except that patients show only 
moderate abnormalities of asymmetry and overgrowth combined with 
subcutaneous lipomata.22 

Syringomyelia is another rare cause of limb enlargement that can 
result in hypertrophy of the soft tissue and skeletal components of 
the limb. Neurogenic hypertrophy has been postulated to be the result 
of stimulation of the sympathetic nervous system, causing defective 
circulation and oedema; others believe muscle hypertrophy occurring 
in syringomyelia is secondary to neural abnormalities.23–25 
Skeletal
In infants, acute haematogenous osteomyelitis may be complicated by 
the arrest of growth and shortening of the bone or limb due to physeal 
damage. In older children, however, the bone (along with the soft tissues) 
occasionally grows too long because of metaphyseal hyperaemia, which 
subsequently stimulates the growth plate. This, however, leads more to 
limb length discrepancy, as transverse enlargement is usually minimal.

Primary bone tumours are rare but account for a significant proportion 
of cancers occurring in children. The most common primary malignant 
tumours are osteosarcoma and Ewing’s sarcoma. The most common 
benign bone tumours are osteochondroma, enchondroma, osteoid 
osteoma, osteoblastoma, chondroblastoma, chondromyxoid fibroma, 
and haemangioma.26 Tumours can result in soft tissue swelling and 
localised enlargement of the extremity (osteosarcoma).27 In advanced 
stages, tumour swelling may also cause skin changes, including 
prominent veins, striation, hyperthermia, and eventually ulceration.27

Clinical Features
The clinical presentation of children with ULE is varied and depends 
on the cause and extent of the enlargement (Figures 113.1–113.3). 
Commonly, there is an overgrowth (limb length discrepancy), which may 
impede function or be of cosmetic concern to the child and/or the parents. 
Overgrowth may be localised or diffuse, regular or irregular, rapidly or 
slowly progressive; it may or may not cause deformity.

Determining the underlying pathology causing ULE is vital for 
offering the correct management. Important factors for assessing aetiology 
include identifying the time of presentation (e.g., from birth or later in 
childhood) and whether the ULE is an isolated problem or part of broader 

Table 113.1: Causes of unilateral limb enlargement in children. 

System Cause of limb enlargement

Lymphatics Primary lymphoedema
 Congential lymphoedema (Milroy disease)
 Lymphoedema praecox (Meige disease)
Secondary lymphoedema
 Infection—filariasis, mycobacterium
 Inflammation—dermatitis, sarcoidosis,  
                       psoriasis, rheumatoid arthritis
 Trauma—lymphadenectomy, burns, 
                       radiotherapy, scarring
 Obstructing tumour

Vascular Vascular tumours
 Haemangioma, tufted angioma (TA),
 Kaposiform haemangioendothelioma (KHE)
Slow-flow vascular malformations
 Capillary malformations (CM), venous malforma-
tions (VM), lymphatic malformations (LM).
Fast-flow vascular malformations
 Arteriovenous fistula (AVF)
 Arteriovenous malformation (AVM)
Combined/complex vascular malformations
 Klippel-Trenaunay syndrome (CLVM)
 Parkes-Weber syndrome (CAVM)
 Proteus syndrome.
 CLOVE syndrome

Soft tissue/ 
neuromuscular

Lipoblastoma—lipoblastomatosis
Neurofibromatosis type 1
Macrodystropyhia lipomatosa 
Hemihyperplasia multiple lipomatosis syndrome
Syringomyelia

Skeletal Osteomyeltis
Bone tumours

disrupting lymphatic transport.8 In Africa, scarring of inguinal/axillary 
lymph nodes from repeated nonspecific infections is also a common 
occurrence. Occasionally, chronic, specific infection from organisms 
such as Mycobacterium tuberculosis may result in lymphoedema of the 
limb. In the Western world, nearly all cases of secondary lymphoedema 
are related to malignancy or its therapy (surgery and/or radiotherapy), 
and paediatirc cases are nearly always classified as primary.9

Vascular
In an attempt to prevent confusion and inappropriate treatment, vas-
cular anomalies are now classified by using a system based upon their 
physical characteristics, natural history, and cellular features (see Table 
113.1).11,12 Haemangiomas are benign neoplasms characterised by vas-
cular endothelium that proliferates. In contrast, vascular malformations 
(capillary, venous, lymphatic, arterial) are characterised by mature 
endothelial cells that do not grow rapidly, proliferate, or involute.12,13 
Although rare with haemangiomas, vascular malformations involving 
the limbs have been found to be associated with hypertrophy of the 
underlying soft and skeletal tissues.

Several clinical syndromes involve complex vascular malformations 
with an associated ULE. Klippel-Trenaunay syndrome is a slow-flow 
malformation involving abnormal capillaries, lymphatics, and veins 
characterised by a triad of portwine stain, varicose veins, and skeletal 
and soft tissue hypertrophy.14 Parkes-Weber syndrome is similar, 
except for a combined fast-flow vascular arteriovenous malformation 
(AVM) in association with a cutaneous capillary malformation and 
skeletal or soft tissue hypertrophy.1 Proteus syndrome is a progressive 
sporadic overgrowth disorder that is extremely rare and of unknowm 
aetiology.15 Overgrowth can affect any tissue, but most commonly 
involves bone, connective tissue, and fat. Vascular malformations are 
frequently seen and are usually capillary or venous. The overgrowth in 
Proteus is distinct in that it causes distortion of the skeletal system.15,16 
Proteus overlaps with several other asymmetric overgrowth syndromes, 
including hemihyperplasia-multiple lipomatosis (HHML) syndrome 
and congenital lipomatous overgrowth, vascular malformations, 
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Figure 113.3). Complications of pain, ulceration, and bleeding may 
herald late presentation.13 Most vascular malformations will empty 
on gentle pressure, as opposed to the case for haemangiomas and 
lipofibromatosis. Some children with complex vascular malformations 
could also present with features of high output cardiac failure.1 

Osteomyelitis and bone tumours can present with clinical features 
relatively similar to ULE, the most common being bone pain followed 
by localised tissue swelling.28 Children with osteomyelitis often show 
systemic signs of infection, including fever, malaise, and weight loss, 
with the infected area of bone likely to be sore, warm, and swollen. Most 
children with bone tumours are well systemically, although symptoms 
such as fever, weight loss, anorexia, and malaise can be present in 
advanced disease.29 As with osteomyelitis, there may be the presence of 
a localised soft tissue mass with raised temperature that grows in size.26

Investigations
The choice of investigations carried out should be determined by the 
clinical history and features. Imaging techniques often have an important 
role in identifying the cause of ULE.1,30 Although advanced, expensive 
radiological investigations may be required to obtain an accurate diag-
nosis, more basic tests also can be of significant use. As an example, the 
diagnosis of lymphatic filariasis had been extremely difficult because 
parasites had to be detected microscopically in the blood, and in most 
parts of the world, the parasites have a “nocturnal periodicity” that restricts 
their appearance in the blood to only the hours around midnight. However, 
there is now a very sensitive, very specific simple “card test” to detect 
circulating parasite antigens without the need for laboratory facilities and 
using only finger-prick blood droplets taken any time of the day.31

Radiography 
Plain radiographs are used to assess any bone pathology and to document 
limb length discrepancies, which can be performed serially. Plain radio-
graphs remain the mainstay for the initial evaluation of a primary bone 
tumour, providing information on the anatomical site of the lesion, the 
nature of the host bone in which the tumour has arisen, the presence of 
any mineralised matrix that may represent areas of calcification or ossifi-
cation within the tumour, the nature of the interface between the tumour 
and the surrounding host bone, and the reaction of the host bone to the 
presence of the tumour.26 Plain x-ray bone changes lag osteomyelitis by 
10–20 days but include osteolysis, sequestra (islands of necrotic bone), 
and bone abscess (Brodie’s abscess, pineda vargos), but earlier findings 
include soft tissue swelling and periosteal reaction.32 
Ultrasonography
Ultrasonography (US) is an imaging modality with a wide applica-
tion spectrum in the paediatric population due to its lack of ionising 
radiation.26 US combined with Doppler imaging is an excellent tool to 
visualise the soft tissue and vascular structures of the limbs. It is able to 
determine the flow rate of the vascular lesions and differentiate one from 
another. Although haemangiomas can be characterised by fast flow as 
well, the history and age at onset should distinguish them from AVMs 
and other vascular malformations.1 US may also be used to identify bone 
lesions and it has been demonstrated to be of use in diagnosing the early 
signs of osteomyelitis in children, identifying soft tissue abscesses or 
fluid collections, and identifying periosteal elevation.32 US is also a use-
ful tool in diagnosing lymphatic filariasis.7

Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) is a particularly useful imaging 
modality in the assessment of ULE because it accurately visualises 
bone, soft tissue, and vascular structures without radiation exposure.26 
Indeed, MRI and MR angiography (MRA) are the most useful tools to 
demonstrate the full extent of vascular malformations.33 MRI provides the 
foundation for describing the type and extent of each of the vascular mal-
formation components. MRI can demonstrate fatty, muscular, and bony 
overgrowth, with generalised enlargement of the normal named arteries 

Figure 113.1: Vascular malformation of the right upper limb in a young boy.

Figure 113.2: Lipofibromatosis of the right lower limb in a young girl. Note the 
slight discrepancy in the diameter of the legs, and pedal macrodactyly of the 
medial 3 toes.

Figure 113.3: Plexiform neurofibroma of the left lower limb in a teenage girl. 
Note the hyperpigmentation. The dressing is covering a pressure ulcer.

syndrome. Specific clinical features are seen with the different causes. 
In the early stages of lymphoedema, there is swelling that subsides 

with elevation, and pitting oedema is seen with peau d’orange skin 
changes. In later stages, tissue fibrosis develops, preventing pitting, and 
ultimately lymphostatic elephantiasis develops, combined with trophic 
skin changes such as acanthosis, fat deposits, and warty overgrowths.8 

Childhood cases of lymphatic filariasis may be unrecognised because 
they may be clinically asymptomatic, with symptoms developing only 
after puberty. However, affected children may suffer with adenitis 
or lymphadenopathy, and (although uncommon under the age of 
10 years) children have been reported to have the same chronic 
clinical manifestations as adults, including hydrocele, lymphoedema, 
and elephantiasis.7 

Haemangiomas, neurofibromas, and other vascular anomalies could 
be associated with pigmentary changes of the overlying skin1,17 (see 
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and veins within the affected limb. MRI is also routinely used in the 
assessment of bone tumours to define the lesion and soft tissue reactions 
and is effective in the detection and surgical localisation of osteomyelitis.34 

Diagnositic imaging is not usually helpful in the diagnosis of 
lymphoedema. MRI, however, might be useful to distinguish between 
lymphoedema, tissue overgrowth, or vascular malformation when there is a 
mixed clinical picture. Qualitative lymphoscintigraphy can also be helpful 
to understand whether swelling is (or is not) lymphatic in origin and, if 
so, what the mechanism might be. For example, Milroy disease shows no 
peripheral uptake of tracer as there due to an absence of initial lymphatics.9 

Treatment
The treatment of unilateral limb enlargement requires a systematic 
approach. Generally, the goal is to treat the problem as conservatively as 
possible. Surgical intervention is usually reserved for advanced disease 
because it is often technically challenging, requiring meticulous dissec-
tions to preserve vital structures, and it frequently has a risk of severe 
complications. Surgery is required primarily for cosmetic purposes and 
to restore function. However, it may also be required to address the com-
plications of ulceration, bleeding, and limb-length discrepancy.
Conservative Treatment
The cornerstones to the treatment of lymphoedema are compression 
therapy, manual lymph drainage, and exercise in order to reduce pitting 
oedema, encourage lymph flow transport, and maintain mobility, respec-
tively. This includes elevation and compression stockings/bandaging, 
massage techniques to stimulate collateral lymph drainage, and encour-
agement of children to perform as many normal recreational activites as 
possible.9 Most studies have not found significant improvement with the 
use of diuretics.35 

Antiparasite treatment is necessary for patients with lymphatic 
filariasis. Both albendazole and diethylcarbamazine (DEC) have been 
shown to be effective in killing the adult-stage filarial parasites. 
This treatment in itself can result in improvements of lymphoedema 
symptoms. Conservative measures to improve lymphatic flow combined 
with rigorous hygiene to prevent bacterial and fungal “superinfection” 
of the affected tissues also play vital roles in prevention of disease 
progression and even clinical improvement.36

Most cases of haemangiomas are best handled by reassuring the 
parents because significant numbers will involute before the first 
decade of life. Antiangiogenic treatment for haemangiomas include oral, 
systemic, or intralesional steroids as first-line drugs and recombinant 
interferon alfa, 2a or 2b, as a second-line drug. The overall response 
rate following steroid or interferon treatment is 80–90%, but no 
synergism has been demonstrated when steroids and interferon are used 
simultaneously.1 Live vaccines, such as polio, measles, rubella, mumps, 
and varicella, should be withheld while children are taking the steroids. 
Low-flow vascular malformations, especially venous and macrocystic 
lymphatic malformations, are effectively treated by percutaneous 
intralesional injection of sclerosant drugs such as ethanol and detergent 
sclerosant drugs. The commonly used agents include 95% ethanol, 1–3% 
sotradechol, doxycycline, and sodium tetradecyl sulphate, all of which 
produce scarring and collapse of the cysts.37 Shoe lifts are recommended 
for children with lower limb length discrepancy if the discrepancy is 
greater than 1.5 cm at the age of 2 years.1

Osteomyelitis is primarily treated by using antibiotics, preferably or 
at least initially intravenously, generally given over a prolonged period of 
time ranging from 4 to 6 weeks.
Minimally Invasive Treatment
The use of lasers has not found much place in the management of limb 
enlargement, unlike the treatment of head and neck haemangiomas. 
Preoperative embolisation is used as part of a strategy for the manage-
ment of AVMs. Angiographic embolisation facilitates the operation by 

decreasing bleeding, although this does not reduce the extent of tissues to 
be resected.38 It is also useful in large and extensive vascular lesions that 
are not amenable to surgical treatment.
Surgical Treatment
Surgical treatment is indicated when conservative/minimally invasive 
methods are contraindicated or have failed, when there are complications, 
or for correction of significant lower limb length discrepancy. Surgical 
excisions of soft tissues aim to resect as much abnormal and excessive 
tissues as possible while making an effort to preserve vital structures. 
Staged contour resection/debulking can be used to treat areas of limb 
overgrowth and lymphoedema. Following some excisional surgeries, 
primary closure may not be possible without tissue-transfer techniques. 
Vacuum-assisted closure devices can also be useful in wounds with large 
soft tissue loss precluding linear closure.1 

Surgical intervention for paediatric bone tumours depends upon the 
type of tumour, particularly whether it is benign or malignant. Depending 
upon the type of benign tumour, it may be simply observed or it may 
require curettage out of the bone, with bone grafting used to fill the 
debrided space. Malignant tumours require excision, which may be 
combined with preoperative chemotherapy. There is a growing use of 
limb-sparing surgery; however, there may be the need for amputation. 
Surgical intervention may also be required to treat osteomyelitis, 
including debridement and washout.

Occasionally, epiphysiodesis of the distal femoral growth plate could 
be performed at about the age of 12 years to correct overgrowth, but 
such a procedure for arm-length discrepancies is usually unnecessary. 
Amputation may be a last option in late presentation (see Figure 113.1) 
where the limb enlargement is massive (not amenable to resection/
debulking) and limited to the distal extremity.

Intraoperative tips to avoid morbidity and mortality include the following:
1. Staged surgical approach is usually required.
2. Remove as much abnormal/excessive tissue as possible.
3. Avoid injury to vital structures by avoiding overzealous excision.
4. Limit blood loss to less than the patient’s total blood volume.
5. Employ special tissue transfer techniques, when necessary, to close 
the wound.
Western Management
The underlying pathophysiology of ULE within the developed world is 
different from that of the developing world. The Western world has an 
increased incidence of congenital versus acquired causes, particularly 
with the absence of lymphatic filariasis and other secondary causes of 
lymphoedema. Generally, a multidisciplinary team approach is necessary 
to carefully assess the patient, sequentially evaluate limb inequalities, 
and formulate the appropriate management plan. Despite greater access 
to interventional radiology and advanced surgical techniques, treatment 
is still focused upon conservative measures unless severe symptoms or 
complications arise. 

Prognosis
The outcome of unilateral limb enlargement depends on the cause of 
enlargement, the extent of the lesion, and the treatment that is available 
to the patient. The condition is essentially from benign causes, and malig-
nant transformation is very rare. However, sarcomatous change can occur 
in a small percentage of patients. Those with chronic ulcerations may 
transform to Marjolin’s ulcers. The recurrent rate after surgical interven-
tion ranges from 15% to 40%. Death is usually from bleeding, infections, 
and high output cardiac failure.

Evidence-Based Research
Table 113.2 presents an extensive review of information available on 
lymphatic filariasis as well as problems still to be addressed.
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Table 113.2: Evidence-based research.

Title Lymphatic filariasis: an infection of childhood

Authors Witt C, Ottesen EA

Institution Lymphatic Filariasis Elimination, World Health Organisation, 
Geneva, Switzerland

Reference Trop Med Inter Health 2001; 6(8):582–606

Problem New, highly sensitive diagnostic tests have now revealed 
that lymphatic filariasis (LF) is first acquired in childhood, 
often with as many as one-third of children infected before 
age 5. Recognising that the disease starts its development 
in childhood has immediate practical implications both for its 
management and prevention in individual patients and for 
the broader public health efforts. 

Intervention This review aims to bring together in a comprehensive 
fashion much of the information already available on LF in 
children and to focus attention on those critical uncertainties 
that still need to be resolved.

Comparison/
control 
(quality of 
evidence)

A medline-based literature search covering the years 
1966–2000 was carried out by exploring the identifier 
“filariasis” with the terms “child”, “children”, “paediatric”, 
and `”adolescent”. Retrieved articles were supplemented 
by bibliographic references from these articles and reports 
and documents published by the World Health Organization 
(WHO). Of all the publications assessed, 83 were selected 
for inclusion in this review because they met the following 
criteria: they were published either in peer-reviewed journals 
or in official government documents; they described age-
delineated populations endemic for either Wuchereria 
bancrofti or Brugia malayi infection that had not been 
subjected to antimalarial measures during at least the 
previous 5 years; and they included a complete description 
of the relevant diagnostic methods used.

1. Unilateral limb enlargement is uncommon in day-to-day practice.

2. Unilateral limb enlargement has numerous aetiological factors.

3. A common presentation is for enlargement, limb length 
discrepancy, cosmesis, and complications.

4. Imaging techniques are the mainstay of investigations.

5. Staged contour resection is the mainstay of treatment.

6. The recurrence rate is between 15% and 40%.

Key Summary Points

Outcome/ 
effect

Across all endemicity levels, the prevalence of LF infection 
in children is proportional to that of the adults in each 
population; those younger than 10 years of age have 
prevalence rates averaging 30% of the adult rate, and 
10–19-year-olds have about 69% of the adult rate. The 
enhanced effectiveness of antigen detection, vis-à-vis 
microfilaria detection, to diagnose LF infection is greatest 
in very young children, many of whose infections had 
been previously undiagnosed. The new, recently codifed 
approaches to managing filarial lymphoedema and 
hydrocoele in adults have also been used successfully with 
children.

Historical 
significance/ 
comments

LF is a frequent and common infection of children in all 
LF-endemic areas. It causes both subclinical lymphatic 
damage and eventual overt clinical disease. It is critically 
important to learn how to reverse these early lesions and 
thereby prevent future development of lymphoedema and 
hydrocoele in older children and adults.
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Introduction 
Hydrocolpos is an uncommon congenital disorder consisting of cystic 
dilatation of the vagina caused by obstruction of the distal genital tract, 
resulting in retained fluid. If there is also associated uterine enlarge-
ment, the term hydrometrocolpos is applied. Vaginal obstruction may 
result from a high vaginal septum, varying degrees of vaginal atresia, 
cloacal malformations, or an imperforate hymen. Hydrocolpos may 
manifest at birth as a palpable mass or it may present at puberty as 
progressive accumulation of menstrual blood, causing haematometro-
colpos. Hydrocolpos and hydrometrocolpos are the third most common 
causes of all abdominal masses in the newborn, accounting for 15% 
of all abdominal masses in female newborns, with an estimated occur-
rence rate of 1 in 16,000 female deliveries. 

The clinical features of hydrometrocolpos in the newborn are 
dominated by the abdominal mass with regional compression (Figure 
114.1). An overly distended vagina can compress the adjacent organs 
and cause abdominal pain, intestinal obstruction, ureteral obstruction, 
hydronephrosis, bladder perforation, respiratory distress, and lower 
extremity venous stasis. Accordingly, presentation of hydrometrocolpos 
depends on the degree of compression of the surrounding structures by 
the uterovaginal swelling. Although the rarity and variable presentation 
of hydrometrocolpos can lead to delayed diagnosis and erroneous 
management, it should be considered in the differential diagnosis if a 
female neonate is found to have a large abdominal mass.

Early diagnosis and treatment of hydrocolpos or hydrometrocolpos 
is important to minimise various complications of mechanical pressure 
exerted on surrounding structures. The most important step is a 
comprehensive perineal examination. Cross-sectional imaging and dye 
studies help in early diagnosis and demarcating the exact anatomy as well 
as revealing associated renal anomalies.1 Comprehensive management 
is necessary, usually involving surgical treatment, to provide normal 
phenotypic appearance and to preserve reproductive potential.

Demographics 
Prevalence data for Africa were not available. In general, the preva-
lence of hydrocolpos is estimated to be approximately 1 in 16,000 
births.2 Imperforate hymen is the most frequent congenital malfor-
mation of the female genital tract.3 The incidence is estimated to be 
0.1%.4 However, manifestations of imperforate hymen presenting as 
an abdominal mass in the perinatal or neonatal age are extremely rare, 
with an estimated incidence of 0.006%.4 Vaginal atresia is estimated 
to occur in 1 in 5,000 to 1 in 10,000 live female births; approximately 
1 in 70,000 to 1 in 80,000 females are born with a transverse vaginal 
septum, with septa more frequently occurring in the middle and upper 
third of the vagina.5 Persistent cloaca has an incidence of 1 in 250,000 
live born infants. Twenty-five percent of patients with persistent cloaca 
present with associated hydrocolpos.6

Embryology
Both the urinary system and the genital system develop from a common 
mesodermal ridge along the posterior wall of the abdominal cavity. The 
excretory ducts of both systems initially enter a common cavity, the 
cloaca. The cloaca divides into the urogenital sinus anteriorly and the 
anal canal posteriorly during the 4th to 7th weeks of gestational devel-
opment. By the 7th week, there is a layer of mesoderm—the urorectal 
septum—between the primitive anal canal and the urogenital sinus. 
Three portions of the urogenital sinus can be distinguished: 
1. The superior and largest vesicle part becomes the urinary bladder. 
As the bladder grows, it absorbs the proximal segment of the 
mesonephric ducts into its posterior wall, forming the trigone of the 
bladder. Absorption of the mesonephric ducts continues until the 
ureters open directly into the bladder. 
2. The middle segment of the urogenital sinus is a narrow canal, the 
pelvic portion of the urogenital sinus. 
3. The remaining part is the phallic area of the urogenital sinus, which 
is flattened from side to side.7

During the 2nd month of prenatal development, paramesonephric 
ducts arise as longitudinal invaginations of epithelium on the 
anterolateral surface of the urogenital ridge, and as tubular invaginations 
of the coelemic mesothelium parallel to the mesonephric ducts. In the 
absence of male gene products, the mesonephric ducts disappear. 
Meanwhile, under the influence of oestrogens, the paramesonephric 
ducts remain. At first, three different parts can be distinguished in each 
paramesonephric duct. The first two parts develop into the uterine tube 
with the descent of the ovary. The caudal part of each contralateral 
paramesonephric duct is initially separated by a septum, but they later 
fuse to form the uterine canal. The caudal tip of the combined ducts 
projects into the posterior wall of the urogenital sinus, where it causes 
a small swelling, the paramesonephric tubercle. The paramesonephric 
ducts then fuse in the midline to form a tube with a single lumen, which 
will form the uterus, cervix, and superior end of the vagina. 

Shortly after the tip of the paramesonephric ducts reaches the 
urogenital sinus, two solid evaginations—the sinovaginal bulbs—grow 

	   	  
Figure 114.1: Abdominal radiograph showing a mass density in a 3-day-old 
infant (left); abdominal radiograph on lateral view showing a hydrometrocolpos 
in a 3-day-old infant (right).
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out from the pelvic part of the sinus. These evaginations proliferate and 
form a solid vaginal plate. Proliferation continues at the cranial end of 
the vaginal plate, increasing the distance between the uterus and the 
urogenital sinus. The vaginal plate canalises to form the lower two-
thirds of the vagina. This is completed by the 20th gestational week. 
Accordingly, the vagina has a dual origin, from the paramesonephric 
ducts (mesoderm) and from the urogenital sinus (endoderm). The 
hymen, a thin tissue plate, separates the lumen of the vagina from 
the urogenital sinus. The hymen consists of an epithelial lining of 
the urogenital sinus and a thin layer of vaginal cells. At 5 gestational 
months, it usually begins to degenerate to establish a connection 
between the vaginal lumen and perineum. A remnant usually persists 
postnatally. The tissue superior to the vagina begins to enlarge and 
extend inferiorly to separate the bladder from the vagina, forming the 
urovaginal septum.7,8

Pathology
Vaginal outflow obstruction and subsequent hydrocolpos may be sec-
ondary to a transverse vaginal septum, atresia of the vagina, imperfo-
rate hymen, or a persistent urogenital sinus. Associated anomalies are 
relatively rare with an imperforate hymen but are common with vaginal 
atresia, urogenital sinus, or cloacal malformations.
Vaginal Atresia
If the sinovaginal bulbs fail to develop, vaginal atresia results. Females 
with vaginal atresia lack the lower portion of the vagina but otherwise 
have normal external genitalia. Fibrous tissue develops in place of 
the vagina. In some females, nearly the entire length, beginning at 
the perineum and extending to the cervix, may be fibrotic. However, 
as the primary defect is in the sinusal contribution to the vagina, the 
contiguous superior structures, especially the uterus, are well dif-
ferentiated.8 Accordingly, a small vaginal pouch originating from the 
paramesonephric ducts usually surrounds the opening of the cervix. 
Before hydrocolpos will develop, there must be sufficient oestrogenic 
stimulation to provoke secretion from the glands in the reproductive 
tract. For this reason, both oestrogenic stimulation and vaginal obstruc-
tion must coexist.
Transverse Vaginal Septum
A transverse vaginal septum results when there is failure of either fusion 
of the urogential sinus and paramesonephric ducts or canalisation of the 
vaginal plate. There is a well-developed vagina in which a thick inter-
vening septum separates the lower from the upper vagina. The septum 
may be obstructive, with accumulation of mucus or menstrual blood.9 In 
neonates and infants, an obstructive transverse vaginal septum has been 
associated with fluid and mucus collection in the upper vagina, resulting 
in a mass that that may be large enough to compress abdominal or pelvic 
organs. The external genitalia appear normal, but internally the vagina 
is a shortened, blind pouch. A transverse vaginal septum can develop at 
any level within the vagina but is more common in the upper portion, 
at the junction between the sinovaginal plate and the caudal end of the 
fused paramesonephric ducts.9 The thickness of the septum may be vari-
able. However, thicker septa tend to be located nearer the cervix.
Imperforate Hymen
Hymenal anomalies are derived from incomplete degeneration of the 
central portion of the hymen. Imperforate hymen is one of the most 
common obstructive lesions of the female genital tract. It is almost 
always an isolated finding. In the presence of vaginal outflow obstruc-
tion, there is potential for significant accumulation of cervico-vaginal 
secretion during foetal life, occurring secondary to circulating maternal 
oestrogens. In infants, the obstructed vagina may distend from mucus 
accumulation, with the mucocolpos causing a bulging hydrocele mem-
brane. More commonly, symptoms of cyclic pelvic pain present dur-
ing adolescence after menarche. Trapped menstrual blood behind the 
imperforate hymen may create a bluish bulge at the introitus.9 

Persistent Urogenital Sinus
Persistent urogenital sinus is an important, but often missed, cause of 
hydrocolpos. A persistent urogenital sinus represents failure of urethro-
vaginal septation at 6 weeks of gestation. This developmental arrest 
leads to a common channel for the urinary and genital tracts, with 
drainage of the bladder and the vagina through one orifice. Therefore, 
there is distal vaginal atresia and a proximal urethrovaginal fistula. The 
urethrovaginal communication allows urine to empty into the vagina, 
which subsequently dilates. When the defect occurs at an early stage, 
the result is a long urogenital sinus with a short vagina and a high 
urethral opening. A short urogenital sinus with almost normal length 
of vaginal vestibule and low urethral opening results when the defect 
occurs later in development. The perineum exhibits two distinctive 
orifices, a ventral urogenital sinus and a dorsal anus. 
Persistent Cloaca
Persistent cloaca results from partial or total failure of the urorectal 
septum to descend and divide the cloaca during month 2 of gestation. 
The anatomic findings in each case may be related to septal differentia-
tion. In the patient for whom the fold develops but fails to make contact 
with the cloacal membrane, the cloaca will be small and the urinary, 
genital, and alimentary tracts, which are well separated, will open into 
the cloaca adjacent to the external orifice. In the case where septal 
development was incomplete, the cloaca will be larger; separation of 
urinary, genital, and alimentary tracts will be variable and may be 
incomplete; and the fistulous communications tend to be remote from 
the external orifice. Either way, there is junction of the urinary tract, 
genitalia, and rectum into a single channel, opening onto the perineum 
in a single orifice.6

Clinical Presentation 
Associated Malformations
The McKusick-Kaufman syndrome is a rare autosomal recessive 
disorder mapped to 20p12 characterised by hydrometrocolpos, poly-
dactyly, and congenital heart defects.10,11 The Bardet-Biedl syndrome 
is a genetic name for a heterogeneous group of autosomal recessive 
disorders with at least four loci in 16q13q22, 11q13, 3p11-p13, and 
15q22.10 It is characterised by retinal dystrophy or retinitis pigmentosa, 
postaxial polydactyly, obesity, nephropathy, and mental disturbances or 
mental retardation. It is also associated with hydrometrocolpos, usually 
as a consequence of vaginal atresia or transverse vaginal septum. Its 
diagnosis is typically delayed to the teenage years. Rarely, hydrome-
trocolpos can be associated with Pallister-Hall syndrome, an autosomal 
dominant trait with variable expressivity, characterised by postaxial 
polydactyly, hypothalamic hamartoma, imperforate anus, intrauterine 
growth retardation, and several visceral anomalies.12

Persistent cloaca is the most severe malformation of anorectal 
anomalies in girls and is associated with complex pelvic malformation 
and frequent hydrocolpos.13,14 Hydrometrocolpos due to a urogenital 
sinus malformation may be associated with ureteral duplication, ectopic 
ureter, urethral membrane, imperforate anus, hypoplastic or multicystic 
dysplastic kidney, and bifid clitoris.
Symptoms
Hydrocolpos or hydrometrocolpos can be asymptomatic if only a small 
amount of fluid is accumulated, which is the case with most obstruc-
tions. Asymptomatic imperforate hymen that does not show a cystic 
mass can easily be overlooked and undiagnosed until adolescence, 
when menarche does not appear and the young girl complains of lower 
abdominal pain.9 

The condition will be symptomatic if a large cyst is formed, causing 
urine retention, hydronephrosis and renal impairment, constipation, 
abdominal mass, ascites, oedema, and even cyanosis of low extremities. 
The upward pull of the enlarging vagina elongates and makes the 
urethra angulated, producing dysuria and acute urinary retention. This 
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may result in infection of the urinary tract or of the fluid retained in 
the vagina. Moreover, hydronephrosis and hydroureter may result from 
pressure of the vagina on the ureters crossing the pelvic brim.15 Foetal 
urine may drain through the uterine tubes into the peritoneal cavity, 
giving rise to ascites. In addition, the patient may experience vomiting 
as a result of intestinal obstruction.
History
Maternal hormones profoundly affect the reproductive tract of the 
female infant both in utero and during the early neonatal period. In 
response to maternal oestrogens, vaginal and cervical epithelium 
secretes mucus, which pools in the obstructed vagina. Thus, hydrocol-
pos is usually detected in infancy when there is a high level of maternal 
hormones. However, uncomplicated hydrocolpos may be initially 
asymptomatic. The early symptoms associated with hydrocolpos are 
nonspecific indications of discomfort followed by urinary, venous, or 
intestinal obstruction, respiratory distress, or superimposed infection 
of the urinary tract or of the fluid retained in the vagina.16 Conversely, 
if there is a low level of maternal hormones, hydrocolpos may not be 
detected until early puberty, when the female begins to produce oes-
trogenic hormones. In many of these cases, hydrocolpos is not symp-
tomatic until haematocolpos is superimposed at the time of menarche. 
Specifically, in the case of vaginal atresia, adolescents often present 
with primary amenorrhea accompanied by cyclic pelvic pain.15 
Physical
Close inspection of the perineum is required in all cases of suspected 
hydrocolpos or hydrometrocolpos. This may require a general anaes-
thetic to obtain a thorough evaluation in infants and children. In vaginal 
atresia, the vaginal orifice may be retraced upward into the pelvis. 
Hydrocolpos associated with an imperforate hymen presents with a thin 
translucent membrane bulging between the labia. It may have a bluish 
color when seen in adolescent females, associated with haematometro-
colpos (Figure 114.2). A transverse septum higher in the vagina may 
protrude through a normally perforated hymen. With this situation, the 
external genitalia appear normal, but internally the vagina is shortened 
as a blind pouch.15 A vaginal dimple may be noted on external examina-
tion of a patient with vaginal atresia.

A single perineal orifice may be noted on external examination of 
a patient with a persistent urogenital sinus or cloaca. In the case of a 
persistent cloaca, the single perineal orifice will usually be located at 
the site of the normal urethra and there will also be an imperforate 
anus as well as partially fused labia.6 A urine sample will be green 
and contain meconium due to the admixture of urinary and alimentary 
products in the cloaca.

Regardless of the pathology, the upper vagina becomes distended 
in hydrocolpos and, as a result, a tense, round abdominal mass arising 
from the pelvis may be palpated on abdominal examination. 

Investigations 
Current management emphasizes prenatal diagnosis with ultrasonogra-
phy (US) or magnetic resonance imaging (MRI). US remains the most 
widely used diagnostic imaging technique for routine evaluation of the 
foetus.17 As US becomes increasingly reliable, prenatal diagnosis of 
hydrocolpos is possible as early as the second trimester. 

The most common sonographic finding is a median intraabdominal or 
pelvic cystic structure. US may demonstrate significant echogenic fluid 
accumulation in the vagina (Figure 114.3). In addition, targeted foetal 
US may show the site of obstruction and continuation of the pelvic mass 
with both the cervical canal and uterine cavity, confirming hydrocolpos.

Diagnosis of transverse vaginal septum is confirmed by either US or 
MRI. Both investigations help to define the location and thickness of a 
transverse vaginal septum. However, MRI is most helpful prior to surgery 
to determine the thickness and depth of the transverse septum. Both US 
and MRI also facilitate the differentiation between a high septum and 

Figure 114.2: Imperforate hymen in a 15-year-old girl.

Figure 114.3: A sonographic view of the pelvis showing a hydrometrocolpos in a 
15-day-old infant.

congenital absence of the cervix. In particular, for vaginal atresia, MRI is 
a more accurate diagnostic tool, as the length of the atresia, the amount 
of upper vaginal dilatation, and the presence or absence of a cervix can 
be identified. US cannot clearly differentiate between imperforate hymen 
and transverse vaginal septum. Consequently, foetal MRI is used to assist 
in the ultimate diagnosis of imperforate hymen. For these reasons, MRI 
has the capability to provide more accurate anatomical information in 
hydrocolpos than other diagnostic methods.17 

A single orifice corresponding to a persistent urogenital sinus can be 
investigated by cystovaginoscopy. A voiding cystourethrogram (VCUG) 
is used by many as an initial tool in the evaluation of a single perineal 
orifice. This radiologic study can demonstrate the entrance of the vagina 
into the urogenital sinus. It can also evaluate the size and configuration 
of the vaginal remnant. 

In the case of a persistent cloaca, a high-pressure distal colostogram 
should be performed. A Foley catheter is passed through the mucous 
fistula (distal stoma), the balloon is inflated with water, and hydrosoluble 
contrast material is injected under fluoroscopy while applying traction to 
the balloon to avoid leakage of the contrast material. By doing this, the 
anatomy of the malformation can be delineated. 
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Management 
Temporising Measures
Percutaneous uterostomy or vaginostomy for temporary drainage may 
be an important temporising measure in neonates. Failure to drain a 
hydrocolpos exposes the patient to persistent hydronephrosis and/or 
infection of the hydrocolpos (pyocolpos). Antibiotic prophylaxis may 
be given to prevent urinary tract infections (UTIs). Pyocolpos and pos-
sible subsequent perforation of a hydrocolpos is a serious event that 
requires emergency laparotomy and may severely and permanently 
damage the vagina.6 Percutaneous US-guided drainage of fluid from 
the hydrocolpos has also been suggested to decompress the distended 
organs. This may be performed prenatally if needed. Percutaneous 
nephrostomy may be necessary to salvage renal function. For persistent 
cloaca, a descending colostomy is indicated.
Definitive Measures
1. Surgical intervention for isolated hydrocolpos with lower tract 
obstruction is associated with excellent results. Surgery for persistent 
urogenital sinus, however, is more complex and uncertain.18 Commonly 
utilised treatment options include the following. The treatment goal 
for most females with vaginal atresia is the creation of a functional 
vagina. This may be accomplished conservatively or surgically. Each 
of the several conservative approaches attempts to progressively 
invaginate the vaginal dimple to create a canal of adequate size. The 
McIndoe vaginoplasty creates a canal within the connective tissue 
between the bladder and rectum. A split-thickness skin graft obtained 
from the patient’s buttocks or thigh is then used to line the neovagina. 
This technique is believed to have a functional success rate >80%.5 
Alternatively, cutaneous or musculocutaneous flaps have been used to 
line the neovagina. The Williams vaginoplasty creates a vaginal pouch 
by using labial skin flaps. All surgical methods require a commitment 
to scheduled postoperative dilatation to avoid significant vaginal 
stricture.8 In the case of a very short or small vagina located high in 
the pelvis, vaginal replacement is necessary. Most often, a length of 
diverted colon is used to replace the vagina. If the colon cannot be 
used, the small bowel or a portion of dilated rectum is used.6

2. Surgical repair of an imperforate hymen involves an elliptical 
or cruciate incision in the membrane close to the hymenal ring 
followed by evacuation of the obstructed material.9 The vaginal 
mucosa is then sutured to the hymenal ring to prevent adhesion and 
recurrence of obstruction. Uncommonly, the hymeneal edges may 
re-epithelialise, and a repeat procedure may be required. Bleeding, 
scarring, and stenosis of the vaginal orifice are major complications 
of this procedure. 
3. A thin transverse vaginal septum can be resected, followed by 
end-to-end anastamosis of the upper to lower vaginal mucosa. As an 
alternative to end-to-end anastomosis, a Z-plasty technique can be 
employed that may minimise scar formation. In contrast, a thick septum 
is more difficult to excise and repair. Preoperative use of vaginal 
dilators may thin the septum and thereby facilitate reanastomosis. With 
higher-level septums, diagnostic needle aspiration of the suspected 
haemato- or hydrocolpos can help to locate the upper vagina to 
determine the direction of dissection. Once this is complete, the vaginal 
vault is incised transversely to avoid laceration of the urethra, bladder, 
or rectum.9 The septum is transected, and the cervix is then identified. 
The vaginal mucosa is undermined, and the cephalic mucosal edge 
is sutured to the opposite caudal edge. A circumferential ring of 
interrupted sutures is constructed by using absorbable suture. The 
septum is excised widely to its base to minimise postoperative stricture.
4. If the urogenital sinus is low, with a short common channel, a 
U-flap vaginoplasty is an effective surgical procedure. If the vagina 
enters the urogenital sinus higher up, a division of vaginal orifice 
from the urogenital sinus is required, together with pull-through 

vaginoplasty. Some of these cases with a long common channel may 
require additional manoeuvres, such as creation of a neourethra from 
the anterior vaginal wall, to complete the reconstruction. 
5. In correction of a persistent cloaca, the operation consists of 
separating the rectum from the genitourinary tract and bringing it 
down to be placed within the limits of the sphincter. This procedure is 
beyond the scope of this chapter. 

Postoperative Complications 
Successful reconstruction of the vagina is a difficult task. The optimal 
surgical strategy provides the patient with an adequate vaginal introitus 
positioned correctly, a vestibule with appropriately innervated skin, and 
an acceptable external cosmetic appearance.19 Complications include 
graft failure, wound infection, haematoma, and fistula formation. In the 
Williams vaginoplasty, the labia majora are created from hair-bearing 
skin, which will usually result in an undesirable cosmetic result. 
Excision of hymenal tissue may occur too close to the vaginal mucosa, 
causing stenosis of the introitus and dyspareunia. Nevertheless, accord-
ing to Rock et al., no complaints of dyspareunia were elicited from 
sexually active women after surgery.20 In cases of imperforate hymen 
where retrograde blood flow through the uterus and fallopian tubes 
occurs, pelvic endometriosis may develop with a subsequent negative 
impact on fertility. 

With correction of a transverse vaginal septum, a common 
complication of resection of thick septa is scar contracture and vaginal 
stenosis.5 Dyspareunia seems to be the most common complaint after 
surgery for a transverse vaginal septum.21 

With very high vaginal entrance into the urogenital sinus and/
or cloaca, there is a significant incidence of urinary incontinence. 
When the patient reaches the age of urinary control, she may require a 
complex urinary reconstruction and diversion. 

Prognosis and Outcomes 
Endometriosis and infertility are the most prominent late consequences 
reported in vaginal obstruction. Early diagnosis and treatment of the 
vaginal obstruction might enhance pregnancy success by reducing the 
risk of haematometra and haematosalpinx with the subsequent develop-
ment of pelvic endometriosis.21 The general prognosis for hydrocolpos 
is good, especially in early diagnosed and treated cases. However, late 
onset of sexual development, ability of the vagina to expand, a normal-
appearing vaginal orifice in a mid- and high-transverse vaginal septum, 
and limited access to expert medical facilities in the developing world 
can delay the presentation. 

The prognosis of isolated imperforate hymen is normally excellent. 
Although some patients in one particular follow-up suffered from 
dysmenorrhea and irregular menstruation, most patients progressed 
well in terms of fertility and sexual function.22,23 Rock et al. have shown 
that women with an imperforate hymen had a high success rate in 
pregnancies, with no infertility.20 Moreover, obstetric outcome in treated 
imperforate hymen is no different from that of the general population.20 
When the imperforate hymen occurs with a constellation of other 
findings, prognosis largely depends on the presence of the associated 
findings. Associated congenital anomalies involving the urogenital 
(incidence of 30–50%), gastrointestinal, skeletal, and cardiovascular 
systems are common in patients with complex anomalies.24 

Females with imperforate hymen had better pregnancy success 
than those with complete transverse septum following the surgical 
correction of obstructive defects.20 Patients with middle or upper 
complete transverse septum were less likely to conceive than those with 
a septum in the lower vagina.20 

Long-term follow-up after reconstruction is essential because many 
patients may experience sexual difficulties, menstrual irregularities, 
infertility, spontaneous abortion, or premature delivery. Infertility is 
probably due to endometriosis and pelvic adhesion in patients with 
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1. Vaginal anomalies range from relatively common to relatively 
rare.

2. The rarity and variable presentation of congenital obstruction 
of the vagina can lead to delayed diagnosis and erroneous 
management.

3. It is important to be aware of the differential diagnoses 
and associated anomalies, including the consideration of 
hydrocolpos or hydrometrocolpos, in a female newborn with an 
abdominal mass and urinary obstruction.
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Vaginal and Uterine Duplications
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Introduction
Congenital anomalies of the vagina, cervix, and uterus arise from errors 
in embryogenesis and are characterised by diversity in anatomic features, 
clinical presentation, and reproductive performance.1 Uterine anomalies 
are associated with both normal and adverse reproductive outcomes.

Demographics
The true prevalence of vaginal and uterine duplications is unknown 
because the anomaly may not manifest until the reproductive years of 
the individual.2 Although a prevalence of 3.2% in the healthy fertile 
population has been quoted in one study, another study quoted an 
incidence of 0.1–0.5%.3, 4 Rackow and associates reported an incidence 
of 3–4% in fertile and infertile women, 5–10% in women with early 
recurrent pregnancy loss (RPL), and up to 25% in women with late first 
and second trimester pregnancy loss or preterm delivery.3,4 Uterine and 
vaginal duplications can present at birth, in childhood, in adolescence, 
or in adulthood.5,6,7

Aetiology/Pathophysiology
The aetiology of uterine anomalies is embryological in nature. Both 
male and female embryos initially have two pairs of genital ducts, the 
mesonephric and paramesonephric ducts. The paramesonephric duct 
arises as a longitudinal invagination of the coelomic epithelium of the 
anterolateral surface of the urogenital ridge in a 5- to 7-week embryo. 
Cranially, the duct opens in the coelomic cavity with a funnel-like 
structure; caudally, it runs first lateral to the mesonephric duct, but then 
crosses it ventrally to grow in a caudomedial direction. In the midline, 

Figure 115.1: Diagrammatic representation of the AFS classification of Müllerian 
duct anomalies.

Source: The American Fertility Society Classification of adnexal adhesions, distal tubal 
occlusion, tubal occlusion secondary to tubal ligation, tubal pregnancies, Müllerian anomalies 
and intrauterine adhesions. Fertility and Sterility, 1988; 49(6):944–955. Reproduced with kind 
permission of Elsevier®.

Classification Clinical Finding Description

I Segmental or complete 
agenesis or hypoplasia

Agenesis and hypoplasia may involve the vagina, cervix, fundus, tubes, or any combination of these structures. 
Mayer-Rokitansky-Kuster-Hauser (MRKH) syndrome is the most common example in this category.

II Unicornuate uterus with or 
without a rudimentary horn

When an associated horn is present, this class is subdivided into communicating (continuity with the main uterine 
cavity is evident) and noncommunicating (no continuity with the main uterine cavity). The noncommunicating 
type is further subdivided on the basis of whether an endometrial cavity is present in the rudimentary horn. These 
malformations have previously been classified under asymmetric lateral fusion defects. The clinical significance of this 
classification is that they are invariably accompanied by ipsilateral renal and ureter agenesis. 

III Didelphys uterus Complete or partial duplication of the vagina, cervix, and uterus characterises this anomaly.

IV Complete or partial bicornuate 
uterus

Complete bicornuate uterus is characterised by a uterine septum that extends from the fundus to the cervical os. 
The partial bicornuate uterus demonstrates a septum, which is located at the fundus. In both variants, the vagina and 
cervix each have a single chamber.

V Complete or partial septate 
uterus

A complete or partial midline septum is present within a single uterus.

VI Arcuate uterus A small septate indentation is present at the fundus.

VII Diethylstilbesterol (DES)-
related abnormalities

A T-shaped uterine cavity with or without dilated horns is evident.

Source: The American Fertility Society Classification of adnexal adhesions, distal tubal occlusion, tubal occlusion secondary to tubal ligation, tubal pregnancies, Müllerian anomalies and intrauterine 
adhesions. Fertility and Sterility, 1988; 49(6):944–955. Reproduced with kind permission of Elsevier®.

Table 115.1: The AFS classification.

	  

Didelphys

it comes in close contact with the paramesonephric duct from the oppo-
site side.3,4 The two ducts are initially separated by a septum but later 
fuse to form the uterine canal. The caudal tips of the combined ducts 
project into the posterior wall of the urogenital sinus.

With the descent of the ovary, the upper two-thirds of the fused 
paramesonephric ducts develops into the uterine tube, and the lower third 
develops into the uterine canal. The fused walls of the paramesonephric 
ducts break down to form the cavity of the uterus. Defects in the fusion 
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of the two paramesonephric ducts and failure of the breakdown of the 
fused middle walls gives rise to congenital anomalies of the uterus.3,4,8

The upper third of the vagina is derived from the uterine canal, and the 
lower two-thirds is of urogenital sinus origin. Shortly after the solid 
tips of the paramesonephric ducts reach the urogenital sinus, two solid 
evaginations grow out from the pelvic part of the sinus. These evagi-
nations, the sinovaginal bulbs, proliferate strongly and form a solid 
plate. The proliferation continues at the cranial end of the plate, thus 
increasing the distance between the uterus and the urogenital sinus. By 
the 5th gestational month, the vaginal outgrowth is entirely canalised. 
The wing-like expansions of the vagina are of paramesonephric origin.8

Duplication and atresia of the uterine canal, or lack of fusion of the 
paramesonephric ducts in a localised area or throughout the length of 
the ducts, may explain all the different types of duplication of the uter-
us. In its extreme form, the uterus is entirely double (uterus didelphys).8

Classification
In 1979, Buttram and Gibbons9 proposed a classification arranged into 
six subgroups. This classification was revised in 1988 by the American 
Fertility Society (AFS) (Figure 115.1, Table 115.1).

Clinical Presentation
Complete duplication of the urogenital system in girls is a very rare 
congenital anomaly. It is characterised by widely variable modes of pre-
sentation, depending on the anomaly. Some children present early in the 
newborn period with abnormalities of the external genitalia, anorectal 
malformation, or urinary tract obstruction.3

Other groups remain asymptomatic for many years, and the 
anomalies are found during evaluation for infertility or as incidental 
findings in otherwise healthy young women.7 They are also most 
likely to have a higher rate of spontaneous abortion (about 32.2%), 
preterm birth rate (28.3%), RPL, foetal abnormalties, presentations, and 
obstructed labours.4

Patients with uterine duplication may also present with menorrhagia 
because of the increased surface area of the two endometrial cavities, 
dysmenorrhoea, and pelvic pain. Associated anomalies of the urinary 
system may be coexistent. Other findings include obstructed labour and 
antepartum and postpartum hemorrhage. 

Physical examination may reveal the presence of two vaginal orifices.7

Investigation
Several radiologic techniques are useful for evaluating anomalies of 
the female reproductive tract. Modalities employed include hystero-
salpingography, ultrasonography (US), sonohysterography, computed 
tomography (CT) scan, and magnetic resonance imaging (MRI).10

Hysterosalpingography
Hysterosalpingography, commonly used to assess the patency of the 
fallopian tubes, can provide further information about the contour of the 
endometrial cavity and the presence of any complex communication in 
the setting of a Müllerian anomaly3,4 (Figure 115.2).
Pelvic Ultrasound Scan
Definitive diagnosis of a uterine abnormality requires assessment of 
the external uterine contour. Transabdominal, transvaginal, or transperi-
neal US effectively evaluates the internal and external uterine contour; 
detects a pelvic mass, haematometra, or haematocolpos; confirms the 
presence of ovaries; and assesses the kidneys. Transrectal US has been 
reported to help in defining the pelvic anatomy, which can be especially 
useful in young patients.11 Timing the study to the secretory phase of the 
menstrual cycle provides better visualisation of the endometrium and 
thus the internal uterine contour4 (Figure 115.3).
Sonohysterography
Sonohysterography can further delineate the intracavitary space and 
internal and external uterine contours. Three-dimensional (3D) US 
(Figure 115.4) is a highly accurate imaging modality that provides 

	  
	  

Figure 115.2: Hysterosalpingography of bipartite (left) and unicornuate (right) uteri.

Figure 115.3: Sonographic appearance of Müllerian duct anomaly.

Figure 115.4: 3D sonographic view of a bicornuate uterus.

Figure 115.5: Magnetic resonance imaging appearance of bicornuate uterus.

thorough views of the pelvic anatomy and detailed visualisation of the 
uterus. This is a reliable method of evaluating Müllerian anomalies.10

A combination of sonohysterography and laparoscopy will 
sufficiently diagnose a uterine anomaly. The urinary system also needs 
to be evaluated by using US scan and an intravenous urography because 
of the coexistence of uterine anomalies and urinary abnormalities.10

Magnetic Resonance Imaging 
MRI is considered the gold standard technique for diagnosing Müllerian 
anomalies; it is both sensitive and specific. This modality provides 
excellent delineation of internal and external uterine contours. MRI 
(Figure 115.5) can distinguish a myometrial versus a fibrous uterine 
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division and thus distinguish among bicornuate, didelphic, and septate 
uterus as well as determine the extent of a uterine or vaginal septum. 
MRI can also identify a rudimentary uterine horn and determine 
whether functional endometrium is present. However, in low-resource 
settings such as those found in the African continent, MRI may not be 
available, or if available may be unaffordable to some patients.4,5,11

Management
The initial management of a patient with uterine and urinary duplica-
tion is to investigate and determine the degree of the anomaly and asso-
ciated anomalies of the urinary system. A serum electrolytes and urea 
and blood cross match are needed.7,11 The management of uterine and 
urinary duplication in the younger group when associated with anorec-
tal anomalies is done at the time of the repair of the anorectal anomaly.7 

Management of these conditions typically relates to three primary 
issues: menstrual problems, fertility problems, and sexual function 
problems. The presence and severity of these areas, along with the type 
of anomaly present, will help to dictate the appropriate management. 
It should be stated that the mere presence of an abnormality does not 
necessitate treatment unless the patient is symptomatic as a result of it.4

Menstrual disturbances typically relate to outflow anomalies most 
commonly represented by a transverse or blocking septum, but also 
are seen with an absence of the vagina or cervical anomalies. In these 
circumstances, menstrual blood builds up behind the blockage and 
can result in pain. Additionally, it has been found that patients with 
blocked outflow are at increased risk of developing endometriosis—
likely secondary to increased retrograde menses. The major concern 
in treating these patients is to create a passageway through which the 
menses can flow.

As mentioned previously, infertility is probably the most common 
presenting complaint in affected patients. This may be the result of 
problems relating to fertilisation (due to blockage of the sperm’s path), 
implantation, or pregnancy maintenance. The type of abnormality will 
guide the approach to treatment. Many assisted reproductive techniques 
are now available. 

Sexual function can be affected in a couple of ways. The most 
obvious is in the situation of a complete absence of the vagina. In this 
circumstance, normal intercourse would be impossible and creation of 
a neovagina may be appropriate. In the case of both a transverse and 
longitudinal septum, a physical barrier may make intercourse difficult, 
painful, or even impossible, as the calibre and length of the vagina may 
be altered.4

After consideration of the above, a decision can be made by 
both the patient and physician as to how to proceed. In cases of 
minor abnormalities, such as a uterine partial septum or even a 
complete septum, hysteroscopic resection can be an appropriate choice, 
particularly if fertility is an issue. The advantages of hysteroscopy 
include the shorter duration of surgery, smaller blood loss, lower costs, 
reduced morbidity, and shorter hospital stay compared with abdominal 
surgery.1,3 In select women with RPL or preterm delivery, uterine 
reconstruction with Strassman metroplasty achieves unification of two 
endometrial cavities in a divided uterus and is associated with a live 
birth rate >80%.4

Attempts to unify a double cervix or a septate cervix are not 
recommended because of the possibility of causing cervical incompetence. 
However, a double or septate cervix can adversely affect the outcome of 
delivery if vaginal delivery is attempted, and delivery should be by 
caesarean section if it appears that the cervix will cause dystocia.12

Vaginal septum, if the patient is symptomatic, can usually be treated 
with a simple resection if small.4

In cases of absence of the vagina, surgical and nonsurgical 
methods can be used to create a neovagina.13 An appropriate choice 
in this circumstance depends on the presence or absence of a uterus. 
If the uterus is present, then creation of a neovagina, along with 
a communication to the cervix, would be important if menstrual 
abnormalities exist. If these do not exist, or if there is no uterus, then 
nonsurgical methods should be employed initially.13 The nonsurgical 
approach entails the use of subsequently larger vaginal dilators to 
stretch the area where the vagina is to be created. 

Multiple surgical procedures have been described. The McIndoe 
surgical procedure for vaginal agenesis is the most well known. A space 
is dissected between the rectum and the bladder, and a split-thickness 
skin graft from the buttocks is used to form the vagina; a specially 
crafted dilator at the time of the procedure creates continuous dilatation 
of the vagina while the graft heals. Other procedures include Williams 
vulvovaginoplasty, musculocutaneous flaps, and free intestinal grafts, 
which are easier and with better results due to the absence of stenosis 
and need for lubrication.12 The disadvantage of the intestinal conduits 
can be excess mucus production and the magnitude of surgery. 
The decision of which approach to take is dictated by the patient’s 
characteristics and needs.

Given the major advances in infertility treatments, it is possible to 
perform an in vitro fertilisation (IVF) cycle through the myometrial 
wall. Therefore, a direct connection of the uterine cavity to the vagina 
through the cervix may not be an issue when considering fertility 
problems. When fertility is not an issue and the patient is suffering from 
menstrual problems, hysterectomy can be a consideration.14

Laparoscopy should be used to excise obstructed, rudimentary 
uterine horns and adjacent tubes in patients with a unicornuate 
uterus. It should also be used for hysterectomy in cases of cervical 
agenesis and in neovaginoplasty procedures in cases of vaginal 
agenesis. In many women, the malformation results in obstructed 
and retrograde menstruation, thereby facilitating the development of 
endometriosis. During laparoscopy, this diagnosis may be confirmed 
and the endometrial foci may be resected.1

Postoperative Complication
The complication of pelvic infection can be prevented by administer-
ing broad spectrum antibiotics intra- and postoperatively. Haemorrhage 
may occur if the sutures are not properly applied; therefore, meticulous 
application of sutures intraoperatively is very important.12

Prognosis and Outcome
A good prognosis with improvement in reproductive performance 
subsequently has been documented.15,16 The pregnancy outcome has 
improved following unification procedures. Other causes of infertility 
have to be excluded by investigation, however, before embarking on 
this procedure.16

Ethical Issues
In Africa, genital surgery is a taboo for some patients and their families. 
Delayed presentation is very common, and refusal of treatment is com-
mon in some communities. One of the major challenges is convincing 
the patients and their families to perform vaginal dilatations; that is why 
the choice of surgery depends mainly on social conditions.

Evidence-Based Research
Table 115.2 presents a randomised study of two different techniques in 
surgical excision of a uterine septum.
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Title Small-diameter hysteroscopy with Versapoint versus 
resectoscopy with a unipolar knife for the treatment of 
septate uterus: a prospective randomized study

Authors Colacurci N, De Franciscis P, Mollo A, Litta P, Perino A, 
Cobellis A

Institution Department of Gynecology, Obstetrics and Reproductive 
Sciences, Second University of Naples, Naples, Italy

Reference J Minim Invasive Gynecology 2007; 14(5):622–627

Problem Role of two different techniques of metroplasties were 
analysed in surgical excision of a uterine septum.

Intervention Small diameter hysteroscope with Versapoint™, 
resectoscope with unipolar knife.

Comparison/
control 
(quality of 
evidence)

Two groups of patients. In group A (n = 80), a 26F 
hysteroscope with unipolar knife was used for excision 
of the uterine septum. In group B (n = 80), a 5-mm 
hysteroscope with Versapoint device was used. The study 
was conducted in 2001–2005. 

Table 115.2: Evidence-based research.

1. Müllerian anomalies are congenital defects of the female 
reproductive tract resulting from failure in the development of the 
Müllerian ducts and their associated structures. Their cause has 
yet to be fully clarified; it is currently believed to be multifactorial.

2. The embryological development of the female reproductive 
system is closely related to the development of the urinary 
system, and anomalies in both systems may occur in up to 25% 
of these patients. Other associated malformations may affect the 
gastrointestinal tract (12%) or musculoskeletal system (10–12%).

3. Müllerian anomalies are frequently asymptomatic and are often 
missed in routine gynecological examinations. Nevertheless, a 
history of pelvic pain following menarche, dysmenorrhea, and 

an increase in abdominal volume are complaints suggestive 
of uterine anomalies. In addition, primary amenorrhea and 
changes to menstrual flows may be present.

4. Due to the complexity of presentations, diagnosing Müllerian 
malformations requires the use of more than one imaging 
method in 62% of the cases.

5. The treatment for Müllerian anomalies varies according to the 
specific type of malformation found in each patient.

6. Müllerian anomalies consist of a wide range of defects that may 
vary from patient to patient. Therefore, their management must 
also be individual, taking anatomical and clinical characteristics 
into consideration, as well as the patient’s preference.
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Outcome/ 
effect

Operative time and fluid absorption were significantly 
lower in group A (23.4±5.7 vs 16.9±4.7). The complication 
rate was significantly lower in group B than in group A. 
No difference in any of the reproductive parameters was 
observed between the two groups: pregnancy and delivery 
rates were 70% and 81.6%, respectively, in group A versus 
76.9% and 84%, respectively, in group B. Nine women 
(18.4%) from group A and 8 women (16%) from group B 
experienced spontaneous abortions.

Historical 
significance/ 
comments

This report randomly compared two hysteroscopic 
techniques in performing metroplasties for a large group 
of women having uterine septa. The study used a variety 
of parameters to compare the two groups: operative 
parameters were operative time, fluid absorption, 
complications, and need for second intervention; 
reproductive outcome parameters were pregnancy, abortion, 
term and preterm delivery, modality of delivery, and cervical 
cerclage. Most patients (54/82) delivered by caesarean 
section without differences according to the hysteroscopic 
technique used for metroplasty (65% in group A vs 67.7% 
in group B) or to the gestational age (65.1% of term and 
68.7% of preterm deliveries). Small-diameter hysteroscopy 
with bipolar electrode for the incision of the uterine septum 
is as effective as resectoscopy with a unipolar electrode 
regarding reproductive outcome and is associated with a 
shorter operating time and a lower complication rate.
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Introduction
Labial agglutination, also known as labial adhesions, vulvar fusion, or 
vulvar synachia, describes the apposition of the labia minora, which may 
be complete or partial.1 It constitutes one of the minor gynaecological 
conditions in prepubertal girls that may present to the paediatric surgeon. 

Demographics
There are few reports from Africa on epidemiology of labial agglutina-
tion. A hospital-based study from Nigeria has put the prevalence at 3%.2 
In the United States, the incidence is between 1% and 5%;3,4 however, 
the incidence is likely to be higher because most patients are asymp-
tomatic and will not present to the hospital. Although labial agglutina-
tion is a disease that affects prepubertal girls, there are reports that it 
may occur in postpubertal girls, but these cases usually follow trigger 
factors such as trauma and sexual abuse.5 The peak age of incidence is 
the second year of life.3

Aetiology and Pathophysiology
The aetiology of labial agglutination is unknown; however, low oes-
trogen levels are a possible cause in this age group.6 Other causes 
include vulvitis, trauma, and—in Africa—the practice of female geni-
tal cutting (mutilation) (FGC(M)), which predisposes to labial fusion 
as a complication.7,8 

Labial agglutination is an acquired disorder. Studies on newborns 
did not show any infants with this condition.3 Inflammation of the 
labial epithelium from either trauma or infection in a background of 
low levels of oestrogen results in denuded epithelium. Healing of the 
epithelium thereafter results in the adhesion.

Clinical Presentation
Labial agglutination is often asymptomatic. Most who present to hos-
pital do so after their parents observe that the “vaginal opening” is not 
visible (Figure 116.1). Others will present because of urinary leakage 
from a small hole during micturition or difficulty in micturition. Some 
adolescent girls present with haematocolpos following menarche.

Presentation in hospital may be for another condition, and the 
physician (paediatrician or general practitioner) may pick up the labial 
agglutination. There is usually extreme parental anxiety, but this is 
disproportionate to the simple nature of the lesion.

Careful physical examination should be made in all cases. The labia 
majora are usually present and easily separated The labia minora are 
fused together in the midline; fusion is complete if it is from the clitoris 
to the posterior vestibule and partial if there is some separation between 
the labia minora. The diagnosis of labial agglutination is clinical, and 
investigation of the upper genital tract is not necessary.

Differential diagnoses include imperforate hymen or scarring of the 
labia minora in girls who have had FGC(M), in which the labia majora 
may have been excised partially or completely. Others include absent 
vagina and scarring of the labia minora following sexual abuse and 
certain forms of intersexuality and cloacal malformation.

Figure 116.1: Preseparation appearance of labial agglutination.

Figure 116.2: Postseparation appearance of labial agglutination.

Management
The care of the female child with labial minora should include the relief 
of parental anxiety as well as health education on perineal hygiene, 
especially in the African setting. Wiping the perineum from the front to 
the back after defecation, frequent change of diapers, and avoidance of 
irritant ones are important to the overall success of the treatment given 
to the child.9 
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Specific treatment measures can be medical or surgical. Gentle 
application of oestrogen cream topically to the fused labia twice daily 
for a variable period of between 2 to 6 weeks has been found to lead to 
separation of the labia. 

Surgical separation (Figure 116.2) using a topical anaesthetic agent 
such as a eutectic mixture of local anaesthetics (EMLA) cream (in this 
case, lidocaine and prilocaine) or xylocaine cream with the separation 
effected using “mosquito” artery forceps can be carried out in the clinic. 
In older children who may not cooperate, separation under general 
anaesthesia can be done in the theatre. There may be slight bleeding, 
but this resolves spontaneously. Postoperatively, petroleum jelly, 
such as Vaseline®, may be applied to prevent recurrence or it can be 
combined with medical treatment using oestrogen cream.

Postoperative Complications
Minor haemorrhage may occur postoperatively, but it is unusual for it 
to be troublesome. Recurrence is the most common complication (with 
rates of up to 39% in some series), especially if the other supportive 
measures are not meticulously followed. Treatment of recurrent labial 
agglutination can be managed either medically by oestrogen cream or 
surgically. Hyperpigmentation of the skin may result from the applica-
tion of topical oestrogen cream, but it usually resolves with discontinu-
ation after treatment.

Prognosis and Outcome
The prognosis is good. Most asymptomatic cases usually resolve at 
puberty with the increase in circulating oestrogen levels. For symptom-
atic cases following separation, the outcomes are equally good. 

Prevention
Health education for the parents is important to promote good hygienic 
practice to prevent irritation of the perineum in their child, with clear 
instructions on what to do in order to prevent recurrence as well as the 
same condition in their other children.

Evidence-Based Research
Table 116.1 presents a prospective study that compares the outcomes 
of treatment using conservative treatment methods with topical appli-
cation of oestrogen cream alone with surgical manual separation of 
the labia and a combination of surgery with adjuvant application of 
oestrogen cream.

Table 116.1: Evidence-based research.

Title Topical estrogen therapy in labial adhesions in children: 
therapeutic or prophylactic?

Authors Soyer T

Institution Ankara Güven Hospital, Department of Pediatric Surgery, 
Ankara, Turkey

Reference J Pediatr Adoles Gynecol 2007; 20:241–244

Problem Role of topical oestrogen application and surgery in 
treatment of labial agglutination

Intervention Topical application of oestrogen, surgical separation, 
combination of surgery and oestrogen application.

Comparison/
control 
(quality of 
evidence)

Forty-nine patients were grouped into three groups: 18 
were treated with oestrogen cream alone, 14 were treated 
by surgical separation of the fused labia minora, and 17 
had surgical separation followed by topical application of 
oestrogen cream.

Outcome/ 
effect

The success rate in those treated with oestrogen cream 
alone was 66.6% at the third month and 55.5% in the ninth 
month. Recurrence was experienced in 2 (11%) patients. 
There was a success rate of 85.7% in those who had 
surgical separation only, both in the 3rd and 9th months, 
and recurrence was 14.2%. All of the patients (100%) 
treated by manual separation with prophylaxis (MSP) 
recovered when followed up at 3 and 9 months. The topical 
oestrogen group had significantly lower success rates when 
compared to the other two groups (P = 0.002). There was 
no statistical difference between those who had surgery 
alone and those who had surgery and adjuvant oestrogen 
cream application and the MSP groups (P = 0.196).

Historical 
significance/ 
comments

Labial agglutination can be successfully managed with 
oestrogen cream alone; however, the success rates are 
significantly lower when compared with surgical separation. 
Recurrence can be treated successfully with either topical 
oestrogen or surgery. A combination of surgical separation 
and adjuvant topical oestrogen may have a superior 
outcome. Larger series, however, may be necessary to 
validate this finding.

1. Labial agglutination is one of the gynaecological conditions in 
prepubertal girls that may present to the paediatric surgeon.

2. Although the aetiology is unknown, low levels of oestrogen 
have been implicated.

3. In Africa, female genital mutilation practices and sexual abuse 
of children are important causal factors.

4. Labial agglutination is often asymptomatic; however, urinary 
leakage following micturition and urinary tract infection can be 
the presenting complaints.

5. Diagnosis of labial agglutination is clinical, and invasive 
investigation of the genital tract should be avoided.

6. Differential diagnosis includes atresia of the vagina, imperforate 
hymen, and ambiguous genitalia and cloacal malformation.

7. Treatment includes use of topical oestrogen or surgical 
separation or a combination of both, which has lower 
recurrence rates.

8. Health education on perineal hygiene is vital to prevention of 
the condition and avoids recurrence after treatment.

9. An important aspect of the treatment of this simple condition is 
to relieve parental anxiety.

Key Summary Points
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Introduction
Ovarian lesions in paediatric patients require special considerations 
that may not be applicable in adult patients with comparable diseases. 
Importantly, these lesions do not follow the same histologic distribution 
as those seen in adults. They range from benign cysts that can regress 
spontaneously to bilateral malignancies that require aggressive treatment. 
Gynecological malignancies account for about 1–2% of all paediatric 
cancers, and roughly 60–70% of gynecological malignancies are ovarian 
in origin.1,2 The diagnosis of ovarian malignancies can often be challeng-
ing. Early detection is vital not only for fertility preservation, but also for 
cure or disease-free remission. Early detection may be even more diffi-
cult in developing countries, where access to health care may be limited.

Demographics
Worldwide and African incidence of ovarian lesions has not been 
reported; however, the incidence of all ovarian masses in childhood in 
the United States is approximately 2.6 cases per 100,000 girls per year, 
and malignancy is reported in 16–55% of cases.2 In North America, the 
frequency of ovarian cancer has actually decreased due to the identifica-
tion of tumour markers, newer diagnostic imaging modalities, and reclas-
sifying the pathology, which allows better identification of all gonadal 
masses.3 Laboratory tests for tumour markers and the newer imaging 
modalities are not readily available or are too expensive to be commonly 
used in many African regions, however. The frequency of ovarian lesions 
is greatly influenced by age in North America. Table 117.1 provides the 
age of peak incidence for ovarian neoplasms in the paediatric population.4 

Tumour Age of peak incidence

Mature cystic teratomas >5 years

Granulosa cell tumour < 9 years

Yolk sac tumours 10–14 years

Surface epithelial tumours >10 years

Solitary follicle cyst

Multiple follicle cyst

Large solitary luteinised 
follicle cyst of 
pregnancy and 
puerperium

Hyperreactio luteinalis

Corpus luteum cyst

Pregnancy luteoma

Ectopic pregnancy

Stromal hyperplasia

Stromal hyperthecosis

Massive oedema 

Fibromatosis

Endometriosis

Cyst, unclassified

Inflammatory lesions

Table 117.1: Age of peak incidence for common ovarian neoplasms.

Aetiology/Pathophysiology
Ovarian lesions can arise from different cell types, so the aetiology can 
vary; however, there is a consistent trend of normal tissue underlying 
the abnormal lesions. Ovarian cysts arise from mature follicles, and 
neonatal and prepubertal children have been shown to have active fol-
licular growth in the appropriate hormonal millieu. Neoplastic ovarian 
tumours can arise from germinal epithelium surrounding the urogenital 
ridge, stromal tissue comprising the urogenital ridge, or germ cells from 
the yolk sac. The cells dedifferentiate, proliferate, and then undergo 
malignant transformation. Surface epithelial tumours are more common 
in women who ovulate more frequently over their lifetime, whereas 
germ cell tumours are most common in younger children.

It is proposed that the more times a follicle ruptures, the more times 
the ovary epithelium repairs itself, which can increase cellular errors, 
in turn allowing for increased malignant transformation. This principle 

may explain why it is believed that pregnancy confers some protection 
against ovarian cancer, especially in women with high parity. The 
relevance of this theory in young children is unclear because they either 
have not begun to ovulate or have ovulated very few times. Sex cord-
stromal tumours arise from mesenchymal stem cells below the surface 
epithelium of the urogenital ridge. These cells have not committed to 
a cell lineage; therefore, they can differentiate into different cell lines.5

A number of syndromes are associated with ovarian tumours. 
Examples include, but are certainly not limited to, Peutz-Jeghers 
syndrome and granulosa cell tumours, Ollier’s disease and juvenile 
granulosa cell tumours, Sertoli-Leydig cell tumours, and Maffucci 
syndrome and fibrosarcoma.6–8 In nonfamilial cases of ovarian 
malignancy, infertility and nulliparity have been shown to increase 
the risk.8,9 Conversely, multiparity and the use of oral contraceptive 
pills have been shown to decrease the risk.10 Other, more controversial, 
factors that increase the risk of ovarian cancer include the use of 
ovulation-induction medications and diets that include animal fats, 
dairy products, and lactose.5 Genetics have been shown to predispose 
women to breast and ovarian cancer in roughly 5–10% of patients. The 
tumour suppressor genes BRCA1 and BRCA2 have been unequivocally 
linked to ovarian cancer.11,12 Although other genes are likely responsible 
for hereditary ovarian cancer, they remain unknown. 

Pathology
The term “ovarian lesion” encompasses a number of nonneoplastic 
and neoplastic lesions that can be distinguished based on histological 
features. Tables 117.2 and 117.3 list the nonneoplastic and neoplastic 
lesions, respectively. The neoplastic lesions comprise both benign 
and malignant tumours. Nonneoplastic ovarian cysts are included in 
the spectrum of ovarian lesions because they can produce symptoms 
mostly related to mass effect and endocrinopathies.13

Source: Templeman C, Fallat M. Ovarian tumours. In: Grosfeld JL, O’Neill JA Jr, Coran AG, 
Fonkalsrud EW, Caldamone AA, eds. Pediatric Surgery, Sixth Edition. Mosby Elsevier, 2006, Pp 
593–621.

Table 117.2: World Health Organization histologic classification of nonneoplastic 
ovarian lesions.
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Surface epithelial-stromal tumours
 Serous tumours
 Mucinous tumours
 Endometriod tumours
 Clear cell tumours
 Transitional cell tumours
 Squamous cell tumours
 Mixed epithelial tumours
 Undifferentiated and unclassified tumours
Sex cord–stromal tumours
     Granulosa–stromal cell tumours
 Granulosa cell tumour group 
 Tumours in thecoma-fibroma group
     Sertoli-stromal cell tumours
     Sex cord–stromal tumours of mixed or unclassified cell types 
 Sex cord tumour with annular tubules 
 Gynandroblastoma
 Steroid cell tumours

Germ cell tumours
Primitive germ cell tumours 
 Dysgerminoma
 Yolk sac tumour 
 Embryonal carcinoma 
 Polyembryoma 
 Nongestational choriocarcinoma 
 Mixed germ cell tumours
Biphasic or triphasic teratomas 
 Immature 
 Mature
 Monodermal teratomas
Germ cell sex cord-stromal tumours
 Gonadoblastoma
 Mixed germ cell–sex cord–stromal tumour of nongonadoblastoma type
Tumours of rete ovarii
Miscellaneous tumours
 Small-cell carcinomas, hypercalemic type
 Gestational choriocarcinoma
 Soft-tissue tumours not specific to ovary
Tumourlike conditions
Lymphoid and haematopoietic tumours
Secondary tumours

Table 117.3: World Health Organization classification of tumours of the ovary.

Source: Templeman C, Fallat M. Ovarian tumours. In: Grosfeld JL, O’Neill JA Jr, Coran AG, Fonkalsrud EW, Caldamone AA, eds. Pediatric Surgery, Sixth Edition. Mosby Elsevier, 2006, Pp 593–621.

Clinical Presentation
The presentation of an ovarian lesion can vary depending on the patho-
logical classification; however, benign and malignant lesions often will 
have similar clinical presentations.14 Abdominal pain and/or distention 
are the most common symptoms in patients with an ovarian lesion 
regardless of the tumour pathology. Pain can be a result of torsion, 
rupture, or perforation (Figure 117.1). The most common initial diag-
nosis based on these symptoms is appendicitis, which must be carefully 
excluded. Some signs and symptoms can be more indicative of a benign 
or malignant lesion. Benign lesions will rarely cause vaginal bleeding, 
whereas malignant ones will often have early bleeding in their develop-
ment due to hormonal imbalance. Other nonovarian lesions can cause 
bleeding, most commonly vulvo-vaginitis, but in children the presence 
of bleeding should prompt a work-up for an ovarian tumour.15 Other 
symptoms relating to ovarian neoplasms include anorexia, nausea, vom-
iting, and urinary frequency.5

Endocrine disorders can be detected in roughly 10% of both neoplastic 
and nonneoplastic ovarian lesions and may be the first sign of disease. 
Isosexual precocious puberty occurs with ovarian cysts and sex cord–
stromal tumours, most commonly granulosa cell tumours, but can also 
occur in Sertoli-Leydig cell tumours, due to the production of oestrogen. 
Patients with central precocious puberty or premature thelarche can also 
develop similar signs and symptoms.16 Granulosa-theca cell tumours 
can be differentiated from true sexual precocious puberty, gonadotropin-
secreting lesions, or feminising adrenal tumours by increased serum and 

Figure 117.1: Laparoscopic view of torsion of the right ovary in a peripubertal 
female. Note the twisting of the fallopian tube (arrow). 

urinary oestrogen levels, which are low in the other three conditions.5 
Precocious pseudopuberty can occur in patients with germ cell tumours 
that produce human chorionic gonadotropin. Heterosexual precocious 
puberty can be seen in Sertoli-Leydig cell tumours, dysgerminomas 
with syncytial trophoblastic giant cells, yolk sac tumours, steroid cell 
tumours, and polycystic ovaries.5 Patients with heterosexual precocious 
puberty present with the following signs, depending on the stage of 
development: defeminisation then masculinisation, breast atrophy, 
oligomenorrhea then amenorrhea, voice-deepening, hirsuitism, male 
pattern hair growth, and clitoromegaly.16

A thorough physical exam should be the first step in evaluating 
any patient suspected of having a potential ovarian lesion. More than 
60% of patients with ovarian tumours have a palpable abdominal 
mass below the pelvic brim, with or without tenderness.14 A bimanual 
examination between the lower abdomen and rectum can assist in 
palpating smaller lesions. In general, vaginal examination is reserved 
for sexually active women. 

Investigations
Laboratory tests consisting of specific tumour markers or hormones can 
be useful in the diagnosis and follow-up of an ovarian lesion; however, 
these tests may not be available in all regions. Although neither tumour 
markers nor hormones are specific to an ovarian lesion, they are inex-
pensive methods of evaluating a possible diagnosis. Tables 117.4 and 
117.5 list the ovarian tumours with their associated tumour markers and 
serum hormone levels, respectively. 

Imaging plays a central role in the diagnosis of ovarian lesions. 
Ultrasound (US) is the gold standard imaging technique. It is quick 
and cost-effective with no radiation exposure. Transabdominal US 
should be used with a distended bladder. Alternatively, transvaginal 
US, which entails placement of a high-frequency transducer in the mid 
to upper portion of the vagina, is utilised in nonvirginal teenagers, but 
should not be used in children. Transperineal imaging—placement of 
a transducer directly on the introitus—may be used for children. The 
normal ovarian size fluctuates throughout a woman’s life-span.17 The 
structural appearance of the ovaries also varies. Both are important 
factors in evaluating the ovaries in different age groups. Children 
younger than 8 years of age usually have solid and ovoid ovaries 
with a homogeneous echogenic texture. During and after puberty the 
ovaries develop cystic structure, reflecting the ovulatory cyle. These 
normal follicular cysts appear anechoic and thin-walled and have strong 
acoustic enhancement.18
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Table 117.5: Ovarian tumours and hormones.

Histological subtype Hormone

Ovarian cyst

 Simple

 Follicular

 Luteal

Increased estradiol

Increased estradiol

Increased estradiol

Sex cord–stromal

 Juvenile granulosa

 Sertoli-Leydig

Increased estradiol, increased testosterone

Increased estradiol, increased testosterone

Luteinised thecoma Increased estradiol, increased testosterone

Sex cord tumour with 
annular tubules

Increased estradiol

Steroid cell tumour Increased testosterone, increased urinary 
17-ketosteroid

Gonadoblastoma Increased estradiol, increased testosterone, 
increased urinary 17-ketosteroid, decreased 
gonadotropins

Choriocarcinoma Increased estradiol, increased gonadotropins

Histological subtype Tumour marker

Endometrioma CA-125

Epithelial

 Borderline

 Carcinoma

CA-125

CA-125

Germ cell (pure tumours)

 Dysgerminoma

 Yolk sac

 Immature teratoma

 Choriocarcinoma

 Embryonal

 Endodermal sinus

b-hCG, LDH

AFP, b-HCG

b-hCG

AFP, b-hCG

AFP

Sertoli-Leydig AFP

Table 117.4: Ovarian tumours and tumour markers.

Figure 117.2: Ultrasound view of an in utero torsion of the right ovary diagnosed in 
a one-month-old infant. The mass is echogenic without any evidence of blood flow.

Figure 117.3: CT scan of the pelvis revealing a multilobulated mass (white 
arrow) in a 17-year-old girl. The mass is separate from the uterus (black arrow). 
Contrast is seen in the rectum. Final pathology revealed a dysgerminoma.

Ovarian masses have a variety of appearances on US. In general, 
benign tumours are complex hypoechoic masses with peripheral 
echogenic mural nodules that may produce acoustic shadowing. 
Specifically, classic benign cysts will have sharp posterior walls, 
have strong acoustic enhancement, and be echoless. Benign cysts 
can be distinguished from haemorrhagic cysts, which have diffuse, 
homogeneous, or complex internal echoes and decreased acoustic 
enhancement. Mature teratomas have a large cystic component in 
addition to at least one mural nodule. Additionally, they can be 
homogeneously echogenic due to the presence of calcifications, fat, 
sebaceous material, or matted hair. Teratomas are bilateral 25% of the 
time, so the contralateral ovary should be evaluated. Malignant ovarian 
tumours are usually complex masses with an average size of 15 cm, but 
are at least larger than 10 cm. The solid component is not hyperechoic 
and is usually nodular or papillary, and there are often thick septations. 
Color or power Doppler can be useful in identifying blood flow to the 
ovary to rule out torsion as well as in the solid component of the tumour 
(Figure 117.2). Other signs of malignancy include ascites, omental 
or peritoneal implants, lymphadenopathy, and hepatic metastases. 
Ovarian tumours can contain calcifications, which appear stippled in 
dysgerminomas and coarse in malignant teratomas.17

Other imaging modalities may play a role in the diagnosis of ovarian 
lesions. Computed tomography (CT) scans and magnetic resonance 
imaging (MRI) are superior to US for tumour staging, when the origin 
of the pelvic masses is unclear on US, or when the extent of a noncystic 
lesion cannot be fully assessed by US17 (Figure 117.3). However, these 
modalities add cost to the evaluation and may not be necessary. Although 
CT does have utility (it easily identifies direct extension of tumours 
into other pelvic, abdominal, or chest structures), the benefits should be 
weighed against the risk of radiation exposure and the cost of the exam.

MRI is useful, especially in patients with ample subcutaneous fat, 
but again, it is expensive and often unnecessary. MRI is extremely 
accurate in determining the origin of a lesion and can demonstrate 
specific characteristics. Even though MRI has no radiation exposure, it 
requires more imaging time, which can often be difficult in paediatric 
patients who necessitate the use of sedation.5 Both CT and MRI are far 
more costly than US and may have limited use in African hospitals, 
where US is able to narrow down the differential diagnosis and guide 
care in a majority of cases.

Management
The management of ovarian lesions depends on the histological clas-
sification of the lesion. In paediatric patients, treatment of ovarian 
lesions should attempt to preserve the most reproductive function while 
also providing complete treatment of the lesion. These considerations 
are often irrelevant in adult patients with comparable disease because 
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childbearing has often been completed. Treatment can be modified to 
the individual patient to preserve reproductive and menstrual func-
tions.13 A general algorithm can be applied, with the caveat that the 
treatment depends on the aggressiveness of the specific histological 
subtype and, of course, on the individual patient. 
Nonneoplastic Ovarian Lesions
The management of ovarian cysts is controversial. Nonneoplastic ovar-
ian cysts should rarely be treated surgically in patients other then neo-
nates; however, if surgical intervention is warranted, it should always 
be conservative. 

Follicular cysts
Neonatally diagnosed follicular cysts will generally regress on their own, 
necessitating only observation with serial ultrasounds. The management 
of follicular cysts in prepubertal children with acute symptoms and 
endocrine activity may require more invasive treatment. Operative inter-
vention has been indicated for acute, severe abdominal pain, symptoms 
persisting for more than 24 hours, imaging studies indicating a neoplasm, 
a cyst increasing in size, or failure to regress on follow-up ultrasound. 
The use of US has increased the detection of cysts in children. One study 
found that large cysts in children, defined as greater than 5 cm, can be 
followed with serial US due to the high rate of spontaneous regression. 
Surgical intervention should be based on US characteristics, symptom-
atology, evidence of a neoplasm, and failure of cyst to regress.19 

Corpus luteum cysts 
Corpus luteum cysts develop only in ovulating women and usually 
will regress spontaneously. Persistent corpus luteum cysts can rupture, 
undergo torsion, or cause menstrual irregularities or dysfunctional uter-
ine bleeding. Surgical intervention is indicated if there are acute symp-
toms or if the cyst persists for 4–6 weeks after the initial diagnosis. 
Ovarian cystectomy is the procedure of choice; however, if the manipu-
lation necessary to remove the lesion threatens either gonad, then the 
cyst should be unroofed, debulked, and excised to the extent possible. 
Unilateral oophorectomy is indicated only if there is no possibility of 
preserving normal tissue, but the ipsilateral fallopian tube should not 
be resected since it can still transport ova from the contralateral ovary.

Parovarian cysts
Parovarian cysts do not arise from gonadal tissue; however, their loca-
tion generates the same concerns regarding treatment. Parovarian cysts 

are often small and asymptomatic. Cysts less than 3 cm can be treated 
with bipolar coagulation of the cyst wall, but those greater than 3 cm 
should be enucleated via the mesosalpinx.20 
Neoplastic Ovarian Lesions
Neoplastic ovarian tumours have a range of treatment modalities based 
on the pathogenesis of the histological tumour type. In general, lesions 
limited to one ovary can be treated with a unilateral salpingo-oophorec-
tomy. Lesions limited to both ovaries can be managed with a bilateral 
salpingo-oophorectomy (BSO), preserving the uterus for future fertil-
ity options. Unfortunately, assisted reproductive endocrinology is an 
expensive option and therefore may be limited in Africa. Extensive dis-
ease requires BSO with a total abdominal hysterectomy, omentectomy, 
lymph node sampling, and peritoneal washings. Adjuvant therapies are 
variable, providing the best outcomes in certain ovarian cancers. 

Surface epithelial-stromal tumours
The stage of the tumour, as determined by the International Federation 
of Gynecology and Obstetrics for surface epithelial-stromal tumours,5 
dictates treatment (Table 117.6). Stage IA tumours (one ovary) are treat-
ed with unilateral salpingo-oophorectomy, whereas stage IB tumours 
require BSO. Hysterectomy is not necessary. Studies have shown 
that epithelial borderline tumours can be treated with fertility-sparing 
surgery in fertile woman without an increased risk of recurrence.21 
Unfortunately, more advanced stages of surface epithelial tumours 
require total abdominal hysterectomy with BSO along with omentec-
tomy, intraperitoneal debulking, if necessary, and peritoneal washings. 
In addition, advanced stages require adjuvant chemotherapy.22 The cur-
rent recommended systemic chemotherapy regimen includes a platinum 
agent (cisplatin or carboplatin) and a taxane (paclitaxel or docetaxel).23 

Tumours of low malignant potential
Epithelial tumours of low malignant potential generally occur in young-
er patients and have a better prognosis than epithelial tumours. Usually, 
these tumours behave in a benign manner; however, they do have the 
potential to recur as many as 10 to 15 years after the primary tumour 
and cause metastatic disease. Conservative therapy is recommended 
for stage I tumours, and more recently for advanced-stage disease. 
Surgical management should include unilateral salpingo-oophorectomy 
or cystectomy. The risk of recurrence following conservative therapy is 
greater than with a total abdominal hysterectomy with BSO; however, 

Stage Extent of disease

I Tumour limited to the ovaries
IA Tumour limited to one ovary; no tumour on the external surface, capsule intact
IB Tumour limited to both ovaries; no tumour on external surface, capsule intact

IC Stage IA or IB but with tumour on surface of one or both ovaries, with ruptured capsule, or ascites or peritoneal washings containing malignant cells

II Tumour involving one or both ovaries with pelvic extension or metastases

IIA Extension and/or metastases to the uterus, fallopian tubes, or both

IIB Extension to other pelvic tissues

IIC Stage IIA or IIB but with tumour on the surface of one or both ovaries, with ruptured capsule, or ascites or peritoneal washings containing malignant cells

III Histologically confirmed metastases outside the pelvis, superficial liver metastases, positive retroperitoneal or inguinal lymph nodes, or tumour limited 
to the true pelvis but with histologically verified malignant extension to small intestines or omentum 

IIIA Gross tumour limited to the true pelvis with negative lymph nodes but with histologically confirmed microscopic tumour outside pelvis

IIIB Histologically confirmed abdominal peritoneal metastases that extend beyond the pelvis and are <2 cm in diameter with negative lymph nodes

IIIC Abdominal peritoneal metastases that extend beyond the pelvis and are >2 cm in diameter and/or with positive retroperitoneal or inguinal lymph nodes

IV Distant metastases, including parenchymal liver metastases; if pleural effusion is present, cytologic test results must be positive to signify stage IV

Table 117.6: International Federation of Gynecology and Obstetrics surgical staging of ovarian carcinoma.

Source: Templeman C, Fallat M. Ovarian tumours. In: Grosfeld JL, O’Neill JA Jr, Coran AG, Fonkalsrud EW, Caldamone AA, eds. Pediatric Surgery, Sixth Edition. Mosby Elsevier, 2006, Pp 593–621.
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salvage therapy has been shown to have good outcomes. Although 
controversial, the laparoscopic surgical approach has been shown to be 
effective in conservative management as long as there is no suggestion 
that the mass may be malignant. Initial surgery should include limiting 
staging, which involves peritoneal exploration, washings, and biopsies 
in addition to contralateral ovarian biopsy. Roughly 50% of tumours 
occur bilaterally; bilateral oophorocystectomy or salpingo-oophorecto-
my therefore would be appropriate in these situations.21

Sex cord–stromal tumours
Each subtype of sex cord–stromal tumour has specific management 
requirements. The juvenile form of granulosa-theca cell tumours must 
be treated differently from adult lesions, which are far more indolent. 
The juvenile type is very aggressive; the aggressiveness of each tumour 
can be determined by tumour size, stage of disease, whether the tumour 
has ruptured, and the amount of nuclear atypia and mitotic figures. 

These tumours are staged following the same guidelines outlined 
in Table 117.6. If a patient is diagnosed with an early-stage lesion, 
unilateral oophorectomy or salpingo-oophorectomy is adequate due to 
the low rate of bilateral disease. Advanced-stage lesions are best treated 
with a multidisciplinary treatment plan, including hysterectomy with 
BSO, 3000 cGy whole-abdominal radiation with a boost to areas of 
residual disease, and multidrug chemotherapy including methotrexate, 
actinomycin D, cyclophosphamide, bleomycin, and vinca alkaloids. 
These agents may not be available in African regions, however. 
Generally, even patients who undergo this aggressive treatment plan 
will relapse.5

Patients with Sertoli-Leydig cell tumours are treated according 
to their stage. Stage IA tumours should be managed with unilateral 
salpingo-oophorectomy unless childbearing is complete, at which 
point the contralateral ovary should be removed. If more advanced 
disease is present, then a more aggressive approach similar to that used 
in granulosa cell tumours should be utilised.16 Fibromas and steroid 
cell tumours are benign tumours that can be treated conservatively. 
Unilateral lesions can be managed with a unilateral oophorectomy; 
however, if there is bilateral ovarian involvement, the entire tumour 
should be removed while preserving normal-appearing tissue.24 

Germ cell tumours
Germ cell tumours encompass a number of tumour subtypes; however, 
their treatment can be generalised. As with all other ovarian lesions in 
children, the primary goal of germ cell tumour management is to pre-
serve reproductive function. Surgery is performed to evaluate disease 
extent, remove the tumour, and preserve uninvolved reproductive organs. 
Benign lesions can be treated with ovarian cystectomy or unilateral 
oophorectomy. Staging is recommended for any tumour that is either 
known to be or may be malignant. This includes cytologic evaluation 
of ascitic fluid or peritoneal washings with lactated Ringer’s solu-
tion, careful inspection of the contralateral ovary and other pelvic and 
abdominal organs, and biopsy of suspicious omental or liver lesions and 
retroperitoneal lymph nodes. The affected ovary should be removed, and 

Stage Extent of disease

I Limited to the ovary

II Microscopic residual disease, but peritoneal 
evaluation is negative

III Lymph node involvement; gross residual or biopsy 
only; contiguous visceral involvement; 
peritoneal evaluation positive for malignancy

IV Distant metastases

Table 117.7: Children’s Oncology Group staging of ovarian germ cell tumours

Source: Templeman C, Fallat M. Ovarian tumours. In: Grosfeld JL, O’Neill JA Jr, Coran AG, 
Fonkalsrud EW, Caldamone AA, eds. Pediatric Surgery, Sixth Edition. Mosby Elsevier, 2006, Pp 
593–621.

if a lesion is found in the contraleral ovary, a BSO should be performed. 
Omentectomy is indicated if tumours are found on the omentum, and 
debulking of retroperitoneal adenopathy should be performed, if neces-
sary. Peritoneal disease should also be removed if possible. If the extent 
of disease is so overwhelming that debulking will cause more harm, then 
neoadjuvant chemotherapy (if it is available) should be offered prior to 
surgical intervention. Postsurgical treatment depends on the stage of the 
tumour (Table 117.7).5 Patients with stage I tumours may be managed 
with observation alone. Although a significant number may relapse, 
salvage treatment is effective. The chemotherapy regimen of choice for 
all stages is cisplatin, etoposide, and bleomycin (PEB), which has been 
shown to be extremely effective, especially in stage I and II tumours.25

Postoperative Complications
Any surgery to the abdomen or pelvis has associated postoperative 
complications. Wound infection and fluid imbalances can occur and 
should be monitored in all surgical patients. Intraabdominal surgery can 
also produce adhesions that can cause pain, impair fertility, cause bowel 
obstruction, and make reoperative procedures more difficult.

Rupture of a malignant ovarian tumour during initial surgery can 
change the prognosis. A stage IA tumour becomes a stage IC if the tumour 
is ruptured at the time of surgery. One study found that the survival of 
patients with stage IC due to a ruptured tumour is 20%, versus 3% in 
patients with stage IA for epithelial ovarian tumours.26 While stage IA 
tumours may not require chemotherapy, stage IC tumours usually do, so 
special care should be taken to avoid tumour rupture. 

Patients who receive a BSO initial surgery, which can eventually 
produce pelvic pain or a pelvic mass. The incidence of ovarian remnant 
syndrome (ORS) has not been determined, although it has been shown 
to be rising over the past four decades. The residual ovarian tissue 
generally requires surgical removal; however, premenopausal patients 
can be treated with medications suppressing ovarian function. Blunt 
dissection of ovarian adhesions should be avoided during the initial 
BSO because it has been shown to increase the development of ORS. 
Additionally, failure to open the retroperitoneum during adnexectomy 
increases the risk; therefore, making an incision in the peritoneum 
lateral to the ovarian vessels to ensure access to the retroperitoneum 
is recommended.27 Obviously, in any patient where all of the ovarian 
tissue is removed, postoperative hormone replacement may be required, 
depending on the age of the patient.

Prognosis and Outcome
Patients with nonneoplastic ovarian lesions have extremely favorable 
outcomes, with little, if any, long-term sequelae. The prognosis for neo-
plastic lesions depends on the specific type of tumour and the stage at 
which the tumour was diagnosed. In the African setting, many patients 
present late in the course of their disease, which negatively impacts out-
come. The prognosis of surface epithelial tumours can vary. Although 
low-stage tumours have promising long-term survivals, for advanced 
stages requiring chemotherapy, the prognosis is very poor. Only 
about one-third of the patients with stage IA have long-term survival. 
Tumours of low malignant potential have extremely good outcomes, 
producing >90% 10-year disease-free survivals, which is considerably 
better than their carcinoma counterparts.21 Patients with early stages of 
juvenile granulosa cell tumours have a favorable outcome, whereas the 
prognosis of patients with stage II or greater lesions is very poor. These 
patients will usually die regardless of the treatment plan. The prognosis 
for fibromas is very good, with little chance of tumour recurrence. The 
prognosis of Sertoli-Leydig cell tumours highly depends on patient age, 
degree of tumour differentiation, and stage of tumour. Most of these 
tumours are diagnosed at stage IA and have an excellent prognosis.5 
The prognosis for stage I and II germ cell tumours treated with surgery 
and adjuvant chemotherapy is very high, with a 6-year event-free sur-
vival much greater than 90% for both stages I and II.25
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Prevention
Little can be done to prevent ovarian lesions in paediatric patients or 
even in adults. However, one of the most important factors for long-
term survival is early diagnosis. Early-stage diseases can often be 
treated with surgery alone; in many instances, some fertility can be pre-
served. This may be difficult to achieve in any community, but may be 
even more difficult in Africa, where access to imaging may be limited. 
Therefore, it is important to have a high index of suspicion for ovarian 
lesions. An ovarian lesion should be on the differential for a young girl 
who presents with abdominal pain and a clinical picture that is consis-
tent with appendicitis. Endocrine disorders, anorexia, weight loss, and 
other vague symptoms may guide the practitioner to consider ovarian 
pathology. If US is available and there is the suspicion of a pelvic or 
abdominal mass, early use is recommended because most lesions can be 
well characterised with this relatively inexpensive modality. 

Title The influence of conservative surgical practices for 
malignant ovarian germ cell tumours

Authors Chan JK, Krishnansu ST, Sarah W, et al.

Institutions Department of Obstetrics, Gynecology, and Reproductive 
Sciences, University of California, San Francisco School 
of Medicine, San Francisco, California, USA; Department 
of Obstetrics and Gynecology and Department of 
Medicine, University of California, Orange, California, USA; 
Department of Obstetrics and Gynecology and Department 
of Radiation Oncology, Stanford University School of 
Medicine, Stanford, California, USA

Reference J Surg Oncol 2008; 98:111–116

Problem Role of conservative management in ovarian germ cell 
tumours. 

Intervention Fertility-sparing surgery, standard surgery.

Comparison/
control 
(quality of 
evidence)

Patients with germ cell tumours from 1988 to 2001 (n=760) 
on the Incidence-SEER 9 Regs Public-Use Database from 
February 2006 were compared based on standard surgical 
treatment (n=222) versus fertility-sparing surgery (n=313).

Outcome/ 
effect

The difference in survival rates for patients who received 
fertility-sparing surgery was not statistically significant when 
compared to the rates for patients who received standard 
therapy (97.6% versus 95.6%, p=0.26).

Historical 
significance/ 
comments

Although this manuscript is specific for germ cell tumours, it 
serves as an example of how fertility-preserving surgery can 
be utilised without decreasing survival. In addition, germ cell 
tumours are the most common ovarian malignancies in the 
paediatric age group. 

Fertility-sparing surgery in this study included ovarian 
cystectomy, unilateral salpingo-oophorectomy with or 
without hysterectomy, and bilateral salpingo-oophorectomy. 
Even though a number of cases did preserve at least one 
ovary and the uterus, some patients were left with only 
a uterus or an ovary. This implies that there is access to 
assisted reproduction techniques. As common as in vitro 
fertilisation is in Western countries, there is very limited 
access to it in African countries. Thus, the definition of 
fertility-sparing surgery may need to be redefined for Africa 
due to the lack of access to expensive fertility methods.

In this study, 76% of the patients presented with stages 
I–II whereas 24% presented with stages III–IV. The 5-year 
disease-free survival for patients with stages I–II was 
97.6%, and the survival in the same time period for patients 
with stages III–IV was 85.5%. 

Finally, this study found that the improved survival over 
time with fertility-sparing surgery is partially a result of 
in-depth surgical staging. Thus, staging should be utilised in 
all surgeries regardless of the presumed stage.

Title Conservative management of large ovarian cysts in 
children: the value of serial pelvic ultrasonography

Authors Warner BW, Kuhn JC, Barr LL

Institution Department of Surgery and Radiology, University of 
Cincinnati, Cincinnati, Ohio, USA

Reference Surgery 1992; 112:749–755

Problem Role of conservative management in large ovarian cysts.

Intervention Conservative management, surgical intervention.

Comparison/
control 
(quality of 
evidence)

Three groups of patients were compared based on 
indications for ultrasonography (US), menarchal status, age, 
average cyst volume, and type of cysts. Group 1 (n=10) 
comprised patients who received surgery with neoplastic 
findings, group 2 (n=13) comprised patients who had 
surgery with nonneoplastic findings, and group 3 (n=46) 
comprised patients who had no surgical intervention and 
on follow-up had cysts that decreased in size or completely 
resolved. 

Outcome/ 
effect

No statistical significance was found among the three 
groups in the indications for US, menarchal status, or age. 
The cyst volume in the neoplastic cyst group (group 1) was 
significantly greater than for the cysts in group 3. There 
was no statistical difference between cyst volume in the two 
groups that underwent surgery or between groups 2 and 3. 
There were no differences in the type of cyst in all groups.

Historical 
significance/ 
comments

This study found that large cysts (greater than 4–5 cm), 
could not be distinguished based on the character of the 
cyst, patient age, or mencharchal status. Even though cyst 
volume in neoplastic lesions tended to be larger, this finding 
was not universal. As a result, there is no clear way to 
distinguish neoplastic from benign lesions that will regress. 
Of 51 patients who did not receive surgical management and 
received follow-up within 1 to 2 weeks of diagnosis, 46 were 
noted to have either a decrease in cyst size or complete 
regression. Of the remaining five patients, two were found 
to have an increase in size and three had unchanged. 
Furthermore, this study concluded that large ovarian cysts in 
paediatric patients can be safely followed with serial pelvic 
ultrasounds to monitor for decrease in size and eventual 
resolution. Surgical intervention should be based not only 
on size but on a number of clinical observations, which 
includes symptoms that do not resolve after 12–24 hours of 
observation, signs and symptoms of a large mass associated 
with complications, evidence of neoplasm, ovarian cause 
uncertain, and increase or failure to decrease in size on 
follow-up US. The study recommends US follow-up after 1 
to 2 weeks. It is important to consider observation in large 
ovarian cysts because spontaneous regression eliminates 
surgery and its complications as well as the possibility of 
future fertility problems, although this may not be applicable 
to regions where resources are limited.

Table 117.8: Evidence-based research. Table 117.9: Evidence-based research.

Ethical Issues
Fertility can be affected by both the extent of the initial disease as well 
as the treatment course. Studies have shown that conservative treat-
ment is an option for many paediatric lesions, but there is still a risk of 
recurrence, which can increase the cost of treatment overall. In Africa, 
therefore, it may be more cost effective to treat the disease with aggres-
sive surgery. In such cases, patients may thus sacrifice their future fer-
tility, unless the ova can be stored for assisted conception. Additionally, 
sparing the uterus in hopes of future in vitro fertilisation may not be 
reasonable. Each practitioner must take into account local regional fac-
tors when deciding which surgical option is best.

Evidence-Based Research
Although no prospective, randomised studies exist on the role of con-
servative management versus aggressive therapy, large retrospective 
studies have produced valuable information. Tables 117.8 and 117.9 
present two such studies on the role of conservative management in 
ovarian germ cell tumours and in large ovarian cysts, respectively. 
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1. Ovarian lesions are uncommon in children.

2. Children with ovarian neoplasms are often first diagnosed with 
appendicitis; thus, ovarian lesion should be included on the 
differential for any child who presents with a history consistent 
with appendicitis.

3. The presence of a lesion can represent either benign or 
malignant pathology—both of which need to be considered.

4. Management of ovarian lesions is multimodal and depends 
on the extent of the disease—early identification is vital to 
decreasing mortality and preserving future fertility.

5. Ovarian cysts that are incidentally identified without notable 
symptomatology, even if they are larger than 5 cm, can be 
managed with serial ultrasounds. Symptoms consistent with 
torsion, lack of regression, and possibility of a neoplasm are all 
indications for surgery.

6. Low-grade malignant ovarian tumours can often be managed 
with fertility-sparing surgery, whereas high-grade lesions require 
aggressive surgery followed by radiation and chemotherapy.

7. The prognosis depends on the specific tumour type and grade. 
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CHAPTER 118

General Disability: The Concepts
Richard Bransford

Introduction
Webster’s New World Dictionary of American English1 makes the fol-
lowing distinctions of terms related to general disability:

Disable:   (1) to make unable, unfit, or ineffective; cripple; 
incapacitate; (2) to make legally incapable; disqualify legally

Disability:   (1) a disabled condition; (2) that which disabled, as an 
illness, injury, or physical handicap; (3) a legal disqualification or 
incapacity; (4) something that restricts; limitation; disadvantage

Cripple:   (1) a person or animal that is lame or otherwise 
disabled in a way that prevents normal motion of the limbs or 
body: somewhat offensive when used to refer to a person 

Handicap:   (2a) something that hampers a person; disadvantage; 
hindrance; (2b) physical disability

Defect
                                          Recurrence risk for:

Normal parent of one 
affected child*

Future 
males

Future 
females

Cleft lip with or without cleft palate 4–5%
Cleft palate alone 2–6%
Cardiac defect (common type) 3–4%
Pyloric stenosis 3% 4% 2.4%
Hirschsprung’s anomaly 3–5%
Clubfoot 2–8%
Dislocation of hip 3–4% 0.5% 6.3%
Neural tube defects—anencephaly, meningomyelocele 3–5%
Scoliosis 10–15%

Source: Jones KL. Smith’s Recognizable Patterns of Human Malformation. Saunders, 1997, Table 4-1.
*Range of recurrence risks observed.

Table 118.1: Recurrence risks for some defects.

In the present age of “enlightenment”, many terms have been 
suggested to describe a person with a disability. However, the 
terminology used can be politically sensitive and abruptly change from 
decade to decade. For example, should we say “disabled child” or 
“child with a disability”? While remaining sensitive to others, we must 
also utilise terms that can be understood by the audience to whom we 
address these terms. When trying to describe the work being done in 
Africa, compromise may be necessary. When directing letters to friends 
in North America and referring to working with the handicapped, I 
often receive inquiries about whether these were people with alcohol- 
or drug-related problems. One hospital in Africa providing care for 
children with disabilities was named Bethany Crippled Children’s 
Centre. Many were aghast that the word “crippled” had been used with 
such indiscretion. The explanation usually given was that the name 
was an attempt to communicate the type of work being done to the 
“least educated in the most rural village”. Disabled, handicapped, and 
various other terms did not communicate to these nearly as effectively 
as “crippled”, which seemingly was a term that many understood. 

Demographics
Some studies estimate that 1% of the people in the world are disabled.2 
Africa is likely a different scene, however. Due to wars, civil strife, var-
ious religious beliefs, economic constraints, a relative lack of medical 
care, and a greater incidence of infectious diseases, the incidence of dis-
abilities in Africa is likely greater than 1%. Some estimate an incidence 
of as low as 3%, whereas others, such as Dr. Rodney L. Belcher, the 
former chief of orthopaedics at Mengo Hospital in Kampala, Uganda, 
have suggested that the figure is actually as high as 10%. Regardless of 
the exact number, it is likely that the incidence of disabilities in Africa 
is greater than for the world in general. In the early 1990s, Dr. Belcher 
estimated that 10% of the population of Uganda had some disability; 
he also commented: “Each week in Kampala we have approximately 
three new cases of culture-proven polio.” The level of disability in that 
country was undoubtedly related to nearly two decades of civil strife 
and the breakdown of the economic and health systems. 

The Kenya scene in 2008 is far different in certain respects from 
that of many other countries. Even though the number of medical 
practitioners is large by sub-Saharan African standards, it falls far short 
of that of nearly all Western countries. Polio is rarely seen in its acute 
phase, even though it probably is not eradicated. The incidence of 
talipes, spina bifida, cleft lips and palates, and various other congenital 
abnormalities in Kenya is not known, but it would appear that their 
presence is as plentiful as it is in other African countries. There are 
more than 40 tribal groups in Kenya, and patients with clubfeet, spina 
bifida, and cleft lips come from nearly all of those tribal groups. 

Children with disabilities seem to abound in nearly all sub-Saharan 
African countries. Few have been adequately treated, and most have 
had no treatment. 

Aetiology
Disabilities in general can be identified as either congenital or acquired. 
One could further break down the congenital disabilities into those of 
genetic aetiologies (e.g., Down syndrome); those related to a nutritional 
deficit (e.g., neural tube defects); those associated with some inciting 
event (e.g., rubella); and random expression. Moreover, some defects 
that may appear identical could be, in reality, either “familial” or ran-
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dom. Among family members it is not uncommon for more than one 
member to be affected with clubfeet, cleft lips, cardiac defects, pyloric 
stenosis, Hirschsprung’s disease, hip dislocation, neural tube defects, 
scoliosis, or other problems (Table 118.1).3 The gender distribution may 
also vary in various malformations (Table 118.2).3

One of the most commonly identified defects related to a 
nutritional deficit are neural tube defects. A deficit of folate creates 
an environment in which this defect is manifested more commonly. 
In countries where nutritional fortification with folate has occurred, 
the incidence of this problem has diminished by 66–75%. In North 
America, the incidence of children born with spina bifida has 
diminished due to folate fortification. The incidence of children 
conceived who have spina bifida may be considerably underreported, 
however, due to the frequent abortion of fetuses identified by 
ultrasonography (US) as having neural tube defects. 

Other disabilities, such as burn contractures and polio, are generally 
preventable either by improved living standards or immunisation. 
Improved community education should promote the reduction of 
many disabilities as people learn basic steps they can take to prevent 
disabilities from occuring. Genetic counselling can also assist in 
diminishing the number of children born with disabilities. 

Clinical Presentation
History
A good history and physical examination usually will lead to an accu-
rate diagnosis and can often save time and money. A disproportionate 
number of those described as disabled come from families who are poor 
and/or less educated. Many, if not most, of these children are born at 
home with, at best, a traditional birth attendant (TBA) in attendance. 
Most newborns will not have had that early evaluation, even briefly, 
that usually occurs in a hospital birth; this initial physical can lead to 
early diagnosis and a better informed attempt at seeking appropriate 
care. Often, these families have little access to appropriate medical 
care, even if they were to recognise that “something can be done”. 

Parents of children from poor and less educated families will also 
frequently not understand the importance of immunisations and early 
care.
Physical Examination
The variation in physical findings parallels the diseases encountered 
and the timing at which the child arrives for care. Burns, spina bifida, 
hydrocephalus, clubfeet, polio, and the various other disabilities often 
arrive late in the course of their disease.

A routine physical examination will easily identify most of the overt 
disabilities, but the less obvious associated conditions (e.g., cardiac, 
renal, and liver problems) often go undiscovered longer, frequently 
complicating their management. 

Investigations
In the case of late arrival, the diagnosis often declares itself. Yet, for 
certain infants, a differentiation of aetiology must be determined. An 
example of this is the clinical presentation of a child with clubfeet. 
In differentiating among the congenital clubfoot, a nearly identical 
foot with polio, and the “clubfoot” associated with spina bifida, a few 

Source: Jones KL. Smith’s Recognizable Patterns of Human Malformation. Saunders, 1997, 
Figure 4-14.

Table 118.2: Ratio of males versus females for various disorders.

Disorder Male-to-female ratio
Pyloric stenosis 5:1
Clubfoot 2:1
Cleft lip with and without palate 2:1
Cleft palate alone 1:1.3
Meningomyelocele 1:1.5
Anencephaly 1:3
Congenital dislocated hip 1:5.5

questions can clarify the aetiology: “Was the child born with this defor-
mity?” “At what age did the child demonstrate this deformity?” “Does 
the child seem to have sensation and motor activity in the leg?” 

In other situations—for example, in the hydrocephalic patient—one 
might seek to identify the aetiology of the condition (i.e., infectious, 
congenital, or other). The aetiology may dictate the extent of brain damage 
and what can, or should, be done. If the fontanelle is open, ultrasound 
(US) can clarify the size of the ventricles as well as identify the amount 
of cortex; this may suggest the potential long-term outcome. US is 
relatively inexpensive, whereas computed tomography (CT) and magnetic 
resonance imaging (MRI) can be costly. Often, however, none of these 
exams are available. If they are unavailable, in the case of hydrocephalus, 
the head circumference should be measured and compared to the normal 
range for that age (Figure 118.1). The size of the fontanelle, together with 
the history, and general impression are important. In most cases, this is 
sufficient to determine the presence of hydrocephalus. 

In the case of an occipital encephalocele, US may help clarify the 
contents and the potential viability of the infant if this is to be repaired; 
the size of the ventricles is also important to determine whether there is 
an accompanying hydrocephalus needing shunting. 

A good examination of patients with congenital talipes equinovarus 
(CTEV) can suggest the best pathway for treatment without expensive 
tests. Similarly, a close examination of the deformities and motor activity 
of the child with polio should suggest the way to proceed. In all of these 
cases, the parent and/or patient needs to understand what can and cannot 
be done, as well as the ultimate expectations. 

Management
Many African countries have few specialists capable of meeting the 
needs of the disabled children. If the specialists are available, they are 
almost never present in sufficient numbers. Poor families often lack 
sufficient funds to access the care, even if it is available. Many who do 
seek care come late—often too late. 

The setting in which the patient presents, the level of expertise of the 
surgeon, the availability of materials, the investigative possibilities, the 
financial status of the patients, the ability to provide follow-up care, and 
various other factors often will dictate the potential management and 
outcome. The outcome in a limited-resource setting, although possibly 
far inferior to that anticipated in a sophisticated medical setting, might 
be considered quite acceptable to many in Africa. The expectations 
may be quite variable. Function, cosmesis, and/or practicality are all 
important; however, the expectations of the parents and/or the child 
should be ascertained prior to surgical care. A careful explanation 
of the procedure, the postoperative care, the need for appliances 
postoperatively, and the anticipated functional ability will assist in 
avoiding misunderstandings.

In the case of talipes, management should begin shortly after birth 
with manipulation and plaster. Early evaluation of the foot will allow 
the surgeon to explain the plan and the expectations to the parents. 
The Ponseti technique of serial casting and appropriate intervention 
will often avoid major surgical procedures. However, this technique 
demands that the parent bring the child early and cooperate in the 
care of the child. Such consistent care is often not possible for these 
children because the family does not understand the importance of 
the consistency of care, or they may live in a remote location without 
access to the health care workers needed to provide this care, or they 
cannot afford this level of care. Also, in reality, the regimen suggested 
by Ponseti is unknown to most of the health care workers of Africa, and, 
if known, cannot be provided due to a lack of training and/or supplies. 
In a a significant number of the children treated by this method major 
surgery will still be necessary.

Often in East Africa, children with club feet arrive for care when 
they are several years of age or even older; in most of these cases, there 
has been no previous orthopaedic care. First, the surgeon must decide 
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Source: Modified from Hamill PV, et al. Physical growth: National Center for Health Statistics percentiles.  Am J Clin Nutr 1979; 32(3):607 –629.

Figure 118.1: Growth charts for boys (left) and girls (right) from birth to 36 months: head circumference by age and weight by length.

whether any operation should be performed at that time, and, in the 
case of the immature foot, whether a soft tissue release should be done 
while delaying operations on the boney structures until the foot is more 
mature. One must seriously question whether the outcome will be a 
more functional foot, whether the child will wear a caliper (brace), and/
or whether the child will return for further care at an older age. 

In cases of congenital pseudarthrosis of the tibia, once again, one 
must consider the setting. In the West, an amputation with prosthesis 
may be the preferred pathway; in an African setting, however, attempts 
at repairing the pseudarthrosis, even if it results in a short leg, may 
be preferred due to the lack of available prostheses, especially for a 
growing child, as well as the expense of providing these prostheses.

The late arrival for treatment of many children may dictate operative 
and nonoperative solutions that frequently are not described in most 
Western textbooks. Usually, Western medical texts assume that early 
care can be or has been provided. In the case of late presentation, 
the results of any attempt at treatment are often fraught with more 
complications and usually inferior to those to be expected if early care 
had been sought. 

Some situations, possibly particularly in the case of polio deformities, 
may dictate consideration of remedial operations with, or without, 
bracing. Assuming inadequate follow-up and possibly poor compliance, 
a remedial operation may be the best option. A “perfect” operation 
without the use of a brace will often fail. Also, a growing child with a 
caliper will need to have the caliper replaced.

Obviously, the usual approaches and expectations must be modified 
when confronted by a 20-year-old with a cleft lip and palate, a 9-year-
old with an untreated clubfoot, an 8-year-old with severe rickets, 
a 5-year-old with advanced hydrocephalus, or burn contractures 
untreated for decades. The contextualized treatment must consider not 

only the surgical skills and treatment environment but also the abilities 
of the nonphysician staff to maximise the potential created by the 
surgical team. The ability to apply such modifications may allow the 
child to enjoy a much improved quality of life. 

In some remote settings the health care workers (HCWs) may be the 
last option for many children. These HCWs often will be satisfied with 
less than “state-of-the-art” techniques, and many are just looking for a 
better “quality of life”. Although such HCWs are not specialists, some 
who have some surgical experience may be put in a situations where the 
child has no other options. Many good books that are often considered 
remedial or out of date by the high-level specialist may offer good 
pictures and a description of the procedure that can be followed. These 
books (e.g., Lehman’s The Clubfoot;5 Goldstein’s Atlas of Orthopaedic 
Surgery;6 and Tachdjian’s Pediatric Orthopedics7), often open and sitting 
by an operating table, lend support to the desperate surgeon. Many 
techniques of previous decades offer solutions that are quite satisfactory. 
Some books (e.g., Staheli’s Fundamentals of Pediatric Orthopedics,8 
Practice of Pediatric Orthopedics,9 and Arthrogryposis: A Text Atlas10) 
make difficult explanations simple enough for the generalist. Much of 
what is included in these books can also be obtained online. 

Albright’s Operative Techniques in Pediatric Neurosurgery11 
can be instructive for many surgeons. If one can shunt a child 
with hydrocephalus or close the back of a child with spina bifida, 
a large number of children can be assisted. Many varieties of 
ventriculoperitoneal shunt are available, with great variations in cost; 
Warf has found the Chhabra™ ventriculoperitoneal shunt to be equally 
successful to expensive Western shunts.12 (In addition, the Chhabra 
shunt has been quite useful as an indwelling catheter in hypospadias 
repairs. It is soft silastic, inert, and of just the right size for the average 
older child.)
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Postoperative Complications
When children with disabilities arrive late in the course of their disease, 
it is often more difficult to attain the desired endpoint. Too much done 
too quickly will often encourage complications. In the developing world, 
staged procedures may lead to fewer complications. The staged approach 
is often wisest with imperforate anus, hypospadias, neglected clubfeet, 
some polio deformities, osteogenesis imperfecta, spina bifida associated 
with hydrocephalus, and various other disabilities. For some disabilities, 
such as open spina bifida, infections will occur more commonly when 
the arrival of the child is delayed. In some cases, a further delay in sur-
gical care to allow for improved preoperative preparation, intravenous 
antibiotics, and so forth may be best. Part of this preparation may include 
thorough cleansing of a dirty wound, the correction of anaemia, and mal-
nutrition, and the preparation of the parent. 

Also, having too few trained medical staff can lead to complications. 
When operative care includes plaster, the staff may either not be able 
to evaluate the extremities as often as desired, or not have adequate 
understanding of the importance of this task. Sometimes, it may be 
best to compromise by utilising a splint instead of a cylinder plaster.

Often, outcomes are compromised by a lack of specialised 
personnel. It is essential that an active therapy plan and program be 
in place following specialised operations on the hands of most burn 
victims. A planned, and sometimes painful, exercise program can make 
the difference between failure and success. Specialised personnel that 
are often helpful include orthopaedic technologists, speech therapists, 
occupational therapists, physiotherapists, and dentists. 

Prognosis and Outcomes
Both prognosis and outcome are complicated by late presentation and 
preoperative conditions that contribute to poor outcomes. In addition to 
late presentation are the conditions dictated by the setting and expertise 
of those caring for the patients. Many of the factors expected in the 
West (e.g., surgical specialists and subspecialists in a wide variety of 
fields, greater expertise in nursing, good physiotherapy and occupational 
therapy, state-of-the-art orthotics and prostheses, sophisticated operative 
settings, and many other factors) are often not present in the developing 
world; perhaps contributing to less desirable outcomes. One might add 
that refugee status and a transient patient population also may contribute 
to poor outcomes. Often these patients do not understand the preop-
erative, operative and postoperative plans; some have no choice in their 
ability to regularly access appropriate medical care. The language barrier 
in many settings may promote unrealistic expectations on the part of the 
patient and parents and later disappointment. 

In the midst of all of the difficulties, it is important for health care 
workers to become familiar with the pathways that may be acceptable 
to their patients and their families. A relatively crude therapy device that 
may be difficult to accept in the West is often quite acceptable in African 
settings. Werner’s Disabled Village Children,13 an important guide to the 
diagnosis and treatment pathways of various disabilities, also has designs 
for appliances that are quite effective. 

In the case of cancer and the need for radiotherapy and/or 
chemotherapy, however, the cost is often prohibitive and specialised care 
is unavailable. 

Prevention
Even though Western Hemisphere data suggests that polio has been 
eliminated there, this is not true in Africa. War, civil strife, and, in 
some cases, religious bias have led to fewer preventive measures in 
economies that may be oriented towards other goals. Within eastern 
and northeastern Africa, polio is more prevalent in Sudan, Ethiopia, 
and Somalia. Two decades ago, Uganda could have been included in 
this list due to its own civil strife. Immunisation, vitamin A, adequate 
teaching about various diseases, preconception folate, genetic counsel-
ling, antihelminthics, and appropriate iodine, as examples, would help 
in the prevention of various disabilities. One could easily add to this list 
clean, adequate water and soap as well as effective toilet facilities as 
contributing factors in a “preventive” program. 

Ethical Issues
Children with disabilities often enter school later than other children. 
Unfortunately, many special schools are insufficiently staffed and are 
not equipped for the numbers and types of children coming for train-
ing. Most of these children need not only the normal education of 
children without disabilities, but also therapy and basic education in 
living skills. Few, if any, African countries have sufficient funding and 
expertise to provide such an educational experience for these children. 

Some disabled children continue to be considered a “curse” on the 
African continent. They may be a shame to their family, their village, 
and/or their country. Consequently, many of these children are hidden 
from public view, sometimes for years. This attitude, a part of the 
cultures of many people, is more common in remote village settings 
where there is little education about medical issues and other problems. 
Such an attitude delays or prevents treatment. Often, when a choice—
economic, cultural, or other—has to be made by the family, the child 
with a disability does not receive care. Frequently, this is due to 
economic issues within a poor family. Obviously, some disabilities are 
more overt and others are unseen. In general, the view that disabilities 
are a sign of a curse is still widespread in Africa. 

In sub-Saharan Africa, where the economies of most countries 
are seriously compromised and there is an abundance of very poor 
people, the questions of what “should be done” often emerge. What 
are the circumstances that “allow” an investment in a child with 
hydrocephalus or spina bifida with all of the considerations that go 
along with their long-term care? What can the economy “afford” in its 
investment in disabled children in general? As physicians, what is our 
responsibility in pursuing the care of these children? These are issues 
for consideration; the answers likely will vary from country to country 
and from family to family. 
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1. Children with disabilities in Africa tend to arrive later in the 
course of their disease and will often need care and procedures 
not necessarily described in Western textbooks.

2. The parents of children should be carefully advised about the 
prognosis and expectations for their children.

3. When beginning work with children with hydrocephalus and 
spina bifida, the physician should select carefully the cases 
on which to operate. The physician should incorporate a team 
that includes an operating theatre technician, a physician with 
surgical skills, and a special nurse for pre- and postoperative 
care. A careful look at all of the ramifications of the care of 
these children is warranted.

4. Specialised surgeons are not available in most of Africa. 
Physicians must seek advice and do their best.
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Introduction
Neurodisability is probably the most significant contributor to chronic 
surgical disability in African children. It involves primarily hydro-
cephalus (HC) and spina bifida (SB), which can occur in isolation 
or together. Other causes of neurodisability include encephaloceles, 
which are part of the spectrum of neural tube defects (NTDs). True 
cerebral palsy is primarily nonsurgical, and therefore not included in 
this chapter. 

Hydrocephalus is the excessive accumulation of cerebrospinal fluid 
(CSF) within the cranial vault. Its management in developing nations is 
hindered by significant economic constraints and delays in treatment—
most patients, in fact, do not present for several months after the 
onset of clinical symptoms. The management of hydrocephalus and 
the complications associated with its treatment require considerable 
surgical judgment and a lifelong approach to patient follow-up.

Spina bifida is the term used for a spectrum of congenital NTDs. 
Other terms used for these anomalies are spinal dysraphisms or 
myelodysplasias. NTDs are complex medical problems that challenge 
surgeons and paediatricians alike, both in their initial management 
and in their lifelong complications. Even though SB may become a 
vanishing disease in developed countries, it remains a very significant 
cause of morbidity and disability in the developing world. 

Demographics 
The prevalence and incidence of HC in developed nations is estimated 
at 0.9–1.2 per 1,000 and 0.2–0.6 per 1,000, respectively.1 No reliable 
estimate is available in the African literature, but its incidence in Africa 
is likely higher due to untreated or poorly treated neonatal meningitis 
and nutritional deficiencies.

The key epidemiologic features of SB are wide regional and ethnic 
differences in prevalence, a worldwide decline in prevalence over the 
past three decades, and female preponderance.2 The reasons behind 
the decline are unclear and most likely multifactorial, although folic 
acid supplementation and fortification and selective termination of 
pregnancies are probably key factors.3 The range in prevalence in 
Western nations is roughly 0.1–1 per 1,000 live births; a few non-
Western studies quote higher rates, widely spread.4–6

Aetiology/Pathophysiology 
CSF is produced predominantly by the choroid plexus of the four cerebral 
ventricles, at a rate of 20 ml/hour. It flows via the foramina of Luschka 
and Magendie into the subarachnoid space, and it is absorbed by the 
arachnoid villi into the venous system via the superior saggital sinus.

HC has been categorised as communicating or noncommunicating. 
The former is due to the failure of CSF absorption by the arachnoid villi, 
whereas the latter involves obstruction of CSF flow into the subarachnoid 
space. A small minority of cases exhibit excessive production of CSF—
most commonly secondary to a choroid plexus papilloma.

In developed nations, HC has historically been most commonly 
due to myelomeningocele, with the posthaemorrhagic hydrocephalus 
of prematurity becoming at least as common in recent years.2 Some 

reports have suggested that the most common causes of hydrocephalus 
in central Africa are NTDs and congenital aqueductal stenosis. 
Similarly, in Zambia, the ratio of congenital to “postmeningitic” HC 
has been reported to be 2:1.7 In contrast, well-documented prospective 
series in East Africa have shown the aetiology of HC to be 57% 
postinfectious, 29% non-postinfectious, and 13% myelomeningocele.8 
Thus, neonatal meningitis or ventriculitis is likely the most common 
cause of hydrocephalus in East Africa.8 

SB may result either from failure of closure of the neural tube or from 
secondary reopening of a closed tube, although most of the evidence 
favours the former theory.9 The aetiology of SB is multifactorial.2 A 
genetic component is evidenced by the familial risk, which appears to 
be 20–50 per 1,000 if one child is affected, 100 per 1,000 if two children 
are affected, and 30 per 1,000 if the mother is older than 35 years of age.3 
Environmental factors include low socioeconomic factors, maternal 
hyperthermia, and medications–primarily carbamazepine, valproic acid, 
and folate. Mothers taking carbamazepine and valproic acid have a 
1% risk of having infants with SB. Folic acid, conversely, has been 
conclusively shown to both prevent the first occurrence of SB defects 
in pregnant women and to cause a 70% reduction in recurrent SB in 
mothers who already had pregnancies with NTDs.10 

Clinical Presentation 
The clinical presentation of HC is characterised by signs and symptoms 
of increased intracranial pressure (ICP). Symptoms may include head-
ache, vomiting, failing vision, drowsiness, fatigue, deteriorating mental 
function, and enlarged head circumference. Signs include wide tense 
fontanelle, papilloedema, reduced visual acuity, failure of upward gaze 
(the sunsetting sign), general clumsiness, dyspraxic gait, and increasing 
head circumference (Figure 119.1). Older children will not present with 
increased head circumference; they often complain of the classic triad: 
headache, vomiting, and lethargy.

The obvious (apparent) spinal defects include myelomeningoceles, 
meningoceles (together referred to as spina bifida cystica), and 

Figure 119.1: Severe congenital hydrocephalus with sunset eyes.
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Figure 119.3: Thoracic meningocele with no neurological deficit.

Figure 119.4: Intraoperative appearance of meningocele.

lipomeningoceles. Occult lesions include diastematomyelia (split cord), 
tight filum terminale, dorsal dermal sinus, and spinal lipoma. The term 
spina bifida occulta should be reserved for spinal bone fusion defects only.

The appearance of the spinal defect reveals its identity. 
Myelomeningoceles usually have a central “open” defect without 
normal skin, often with a visible placode (the open spinal cord). 
They may appear flat at birth, then often fill up with CSF. Older 
unoperated children will often have significant scarring, and the skin 
may indeed completely close the defect (Figure 119.2). Meningoceles 
and lipomeningoceles are fully skin-covered from birth, with the 
former typically cystic (Figures 119.3 and 119.4) and the latter fatty in 
consistency (Figures 119.5 and 119.6). 

The distribution of the levels of SB depends on referral patterns and 
access to care, but usually about 40% are lumbosacral, 30% lumbar, and 
30% thoracic or thoracolumbar.11 The accurate assessment of the spinal 
cord function is critical. It must be kept in mind that the skin level of 
the defect may not accurately reflect the spinal level, that children may 
exhibit both upper and lower motor neuron lesions, and that the level 
may be asymmetrical. Areas of changed pigmentation, hairy patches, 
haemangiomas, lipomas, and deep skin pits in the thoracolumbar and 
sacral midline may belie an underlying NTD.

HC occurs in 80–90% of infants with spina bifida1 (Figure 119.7), 
but may not be apparent until the spinal defect is closed. HC is less 
frequently seen in children with sacral defects. The authors’ experience, 
as well as that reported elsewhere, points to a possible lower incidence 
of HC in developing countries.11

The associated Chiari II malformation may also cause specific 
hindbrain herniation symptoms in about 20% of children with SB. These 
symptoms include apnoea, a high-pitch cry, and swallowing difficulties.3,9

Figure 119.2: Late presentation of large myelomeningoceles with superinfection 
and partial scarring.

Figure 119.6: Intraoperative appearance of lipomeningocele, with adipose tissue 
invading dura and surrounding nerve fibres.

Figure 119.5: Large lipomeningocele.
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Investigations 
The clinical exam is the most readily available investigation for the 
diagnosis of increased ICP. Cranial ultrasonography (US) is an essential 
diagnostic tool in developing countries; it can readily assess ventricular 
size with minimal training, and it is relatively inexpensive. Depending 
on operator skill, the size of the fourth ventricle can be assessed on 
US as a proxy indication of the patency of the aqueduct. This may be 
particularly relevant in stratifying patients for treatment with prosthetic 
shunts versus endoscopic third ventriculostomy (ETV).8 Serial US 
imaging may be appropriate in patients with an equivocal presentation 
of ICP prior to subjecting them to shunt revision. All children with 
shunts should be followed up regularly, including a baseline US within 
3 months of surgery. Although acute changes from baseline may help in 
the subsequent diagnosis of shunt failure, up to a third of patients will 
not exhibit any evidence of ventriculomegaly.12

Both computed tomography (CT) and magnetic resonance imaging 
(MRI) are excellent modalities, but their routine use is prohibitively 
costly in developing nations. Nevertheless, CT may be necessary in 
assessing the ventricular size in older children with closed fontanelles. 
Evidence of increased ICP in children with closed fontanelles can also 
be obtained through direct measurement of CSF pressure by lumbar 
puncture: the CSF column height is measured in a piece of IV tubing 
connected to the spinal needle via a three-way stopcock.

No immediate investigations are required in a regular case of SB. 
Spinal x-rays may reveal other occult dysraphisms in 10% of patients,6 
although this will likely not affect the management. High-resolution 
US of the spinal cord is as effective as MRI up to the age of 6 weeks, 
identifying diastematomyelia and tethered cord, and screening for 
dilatation of the urinary tract. MRI of the spine is frequently performed 
in developed nations, although rarely necessary routinely. US of the 
head for HC is useful, although the ventriculomegaly may not be 
evident until the CSF leak through the spinal defect is closed. Several 
investigations for the genitourinary system are discussed under the 
subheading “Urological Problems” later in this chapter.

Management 
The definitive management of HC at present remains surgical. The 
diuretic acetazolamide has been shown to decrease CSF production in 
animal and human studies,14 but it is of temporary benefit and should be 
used only in the palliative setting or in equivocal cases until a definitive 
diagnosis can be made. It has also been used in posthaemorrhagic HC 
of the newborn as a temporising measure to avoid shunting.15

The most common surgical intervention to treat HC is the insertion 
of a shunt through the skull and cortical mantle into the ventricle, with 
the distal catheter placed into a physiologic drainage basin, typically 

Figure 119.7: Severely malnourished child with spina bifida and hydrocephalus.

the peritoneal space (ventriculoperitoneal (VP) shunt). Other sites 
for CSF diversion include the right atrium and the pleural space. The 
advantage of a CSF shunt is that it is beneficial in nearly all types of 
HC, regardless of aetiology. 
CSF Shunts
CSF shunts usually contain three parts: a ventricular catheter, a valve, 
and a distal catheter. Most valves are designed to allow for sampling 
via needle puncture. The so-called “differential pressure valves” use the 
gradient between the ventricle and the tip of the distal catheter to effect 
flow. Medium pressure valves are those that drain CSF if the pressure 
gradient is >10 mm Hg, and are used most commonly. Although many 
different valve designs exist, including siphon-limiting, flow-limiting, 
and programmable valves (whose settings can be changed by using 
an external magnet), there is limited evidence for their benefit. A 
large randomised trial has demonstrated no difference in time to first 
shunt failure with a standard differential pressure valve compared to 
two other higher-generation valves in the treatment of children with 
newly diagnosed HC.15 Similarly, the use of an adjustable shunt was 
not shown to be of any benefit in terms of overall survival.16 Finally, 
and of most relevance to the developing world, there is good evidence 
from a prospective randomised controlled trial demonstrating that the 
Chhabra® shunt (made by Surgiwear in India) is equivalent to its com-
mon Western counterpart in incidence of shunt complications, but sells 
for only about one-twentieth the cost.17 The Chhabra shunts are avail-
able free to qualifying centres through the International Federation of 
Spina Bifida and Hydrocephalus (www.ifglobal.org) In extreme situa-
tions, a piece of IV tubing or a sterile Silastic® feeding catheter can be 
used as a VP shunt, but these nonvalved alternatives are associated with 
frequent complications and are not recommended. 
Pleural Shunts
Pleural shunts are rarely required, but can be placed via the 4th to 6th 
intercostal space at the anterior axillary line into the pleural cavity, with 
care to avoid placement into lung parenchyma or the chest wall. The 
associated CSF effusion and iatrogenic pneumothorax resolve conser-
vatively in most patients. 
Ventriculoatrial Shunts
Ventriculoatrial shunts are rarely performed because of complications 
of cor pulmonale, shunt nephritis, and catheter embolisation. They 
require intraoperative US or fluoroscopy to document catheter place-
ment into the atrium via the internal jugular vein. Their use is not 
recommended.
Endoscopic Third Ventriculostomy
The morbidity of the life-long shunt has created interest in the use of 
endoscopic third ventriculostomy (ETV), a procedure that can effec-
tively treat HC without insertion of any foreign body. The principles of 
placement of an ETV include frontal access, ventricular cannulation, 
and insertion of a rigid or flexible neuroendoscope into the 3rd ventricle 
via the lateral ventricle and the foramen of Monroe. A fenestration is 
made in the base of the third ventricle between the infundibular recess 
and the mammillary bodies. This is commonly performed by using a 
combination of electrocautery and a balloon dilator, thus creating a 
cerebrospinal fluid fistula between the subarachnoid space and the 3rd 
ventricle.18 More recently, the concurrent performance of cauterisation 
of the choroid plexus (CPC) has been added as a means of increasing 
shunt avoidance.

Classically, ETV was used for older children or adults with congenital 
aqueductal stenosis. Working in Uganda, Dr. Benjamin Warf has 
convincingly demonstrated, however, that ETV is a reasonable option 
for all children >1 year of age (irrespective of HC aetiology), with a 
shunt avoidance rate of 80%.17 In addition, with the use of cranial US 
and direct endoscopic visualisation of the aqueduct, he stratified younger 
children based on aqueductal patency, and has demonstrated 70% success 
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in those <1 year of age who have a post-infectious obstruction of the 
aqueduct. In addition, the use of ETV in combination with choroid plexus 
cauterisation has increased shunt avoidance from 35% to 76% in children 
with myelomeningocele, and from 20% to 71% in children <1 year of age 
with a non-postinfectious HC and an open aqueduct.

Performance of ETV is beyond the scope of this review, and requires 
adequate mentoring by an experienced surgical team and significant 
technical support for maintaining the endoscopic system. Although the 
avoidance of a shunt (and the accompanying morbidity and mortality of 
shunt failure) in the developing world is a reasonable goal, the additional 
safety of ETV has not yet been proven in the long term, and most authors 
counsel that the same life-long follow-up is required in either case.1 
Spina Bifida Surgery
The management of a child with SB is lengthy and complex.3,19 The 
closure of the spinal defect is the most obvious step, although it is by 
far not the most challenging one. In contrast, some older asymptomatic 
children presenting with relatively small defects that are fully skin-
covered and mostly scarred may not need to have their defect “closed”, 
especially as the surgery in those instances can be very difficult and 
dangerous. Such children will, however, need to be carefully followed 
up for the appearance of tethered cord symptoms and signs. 

In the newborn with SB, the spinal defect should be closed ideally 
within the first 2 days, although delays within the first week of life 
while the child is on antibiotics do not seem to adversely affect the 
outcome.2 In developing countries, children typically present after the 
first week of life,11.20 and the defect is often grossly infected (see Figure 
119.2). While preoperative intravenous antibiotics are the rule in all 
settings, there is little advantage to lengthy preoperative courses of 
antibiotics and dressings. 

The standard repair of open SB includes the following steps:3,9

Postoperative Complications 
Postoperative complications of shunt insertion can generally be classi-
fied as mechanical or infectious. 
Mechanical Shunt Failure

Mechanical shunt failure can occur through proximal obstruction; 
distal obstruction; component separation, fracture, or migration; or 
excessive CSF drainage.

Proximal or distal obstruction generally presents with signs and 
symptoms of increased ICP, whereas infectious failure presents with 
fever, redness, or swelling at the surgical site, drainage of pus or CSF 
from the wound; nuchal rigidity; abdominal pain; or peritonitis. Shunt 
obstruction in older patients often presents with headache and is not 
associated with pain along the shunt tract. Although the signs and 
symptoms of shunt failure have been examined empirically, there is no 
ideal diagnostic test. 

Revision of a noninfected but obstructed shunt should generally be 
approached from the cranial incision because obstruction is more common 
at the ventricular limb. Both ventricular and abdominal limbs can then be 
tested in sequence from this location after they have been disconnected 
from the valve. Nonfunctioning ventricular catheters that are adherent 
can be removed by gentle traction under most circumstances, but we do 
not advocate more aggressive measures; rather, a new shunt should be 
placed at an alternative site. Passage of a new peritoneal shunt down an 
established fibrous tract is occasionally possible as long as shunt infection 
has been ruled out preoperatively. Routine CSF culture in the absence 
of infectious signs or symptoms is not recommended because positive 
cultures in this setting are not predictive of subsequent infection.21

Shunt Infection
Shunt infection is widely believed to be caused by contamination at 

the time of surgery, with occasional infections caused by later wound 
breakdown either due to CSF fistulisation or skin breakdown over 
hardware (Figure 119.9). Most shunt infections usually present within 
3 months of shunt insertion, and almost all within 6 months. The rate 
of shunt infection in North America is approximately 8–10%,22 with 
some series reporting less than 1%,23 but it is likely higher in Africa.24 
The most common organisms grown are consistently Staphylococcus 
epidermidis (~40%), followed by S. aureus (~20%).25

Risk factors for shunt infection include prematurity,26,27 elaborate 
shunt configurations, multiple separate shunts, previous shunt infection, 
surgical inexperience, myelomeningocele, postoperative CSF leak, and 
longer duration of surgery.28

Common techniques to avoid shunt infection include the use 
of generous skin preparation, meticulous and consistent surgical 

Step 1 The sac or the skin surrounding the placode is incised; 
the placode is isolated circumferentially with removal of 
all keratinized areas as well as the superficial granulation 
tissue.

Step 2 The placode is tubularised with a running monofilament 
fine suture to reduce the raw surface and re-create a 
tubular cord.

Step 3 All adhesions to the cord are lysed both proximally and 
distally.

Step 4 The dura is dissected circumferentially with overlying 
fatty tissue, down to the central region of the defect.

Step 5 A watertight dural closure is achieved with one layer of 
running fine monofilament suture.

Step 6 The skin and subcutaneous tissues is undermined widely 
laterally.

Step 7 The fascia is closed with interrupted absorbable sutures 
at the level of the original junction of the skin, dura, and 
defect covering. The skin is closed with no tension.

Variations to the above steps may include:
• no tubularization of the placode if it is technically difficult;

• division of a thickened filum terminale and correction of diastema-
tomyelia, if found;

• resection of placode and transection of the cord in cases with full 
paraplegia, especially if infection is present and the cord is severely 
atrophic/dysplastic (Figure 119.8);

• irrigation and intrathecal injection of antibiotic (usually gentamycin); 
and

• transverse dural closure proximally only if the cord has been transacted.

Figure 119.8: Proximal dural closure following cordotomy in thoracic-level 
myelomeningocele with paralytic lower extremities. 
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technique, and preoperative prophylactic antibiotics.29 Although there 
is significant worldwide heterogeneity with regard to choice of 
antibiotics,30 we recommend ceftriaxone or cefazolin upon induction 
of anaesthesia. A Cochrane review in 2006 has supported the use of 
antibiotic prophylaxis in reducing shunt infection, with no evidence of 
benefit beyond 24 hours.31

As advocated by Faillace and colleagues, the avoidance of shunt-to-
skin contact resulted in a three-fold decrease in shunt infection rates, 
from 9.1% to 2.9%.32 As mentioned earlier, valve design does not appear 
to have any effect on shunt infection. The surgeon should develop 
a consistent routine by using the same equipment, and a meticulous 
approach; some authors have reported very low infection rates using 
similar techniques.33 Finally, shunts should not be relegated to the most 
inexperienced member of the team. We agree with the author who 
suggested: “Although less glamorous than other neurosurgical cases, 
shunting procedures deserve no less attention to detail.”34

Because conventional antimicrobial techniques are not effective in 
treating the bacterial biofilms that affect most neurosurgical-related 
device infections, all infected shunts should be removed.35 This is to be 
combined with the insertion of an external ventricular drain with ongoing 
systemic and optional intrathecal antibiotics, with replacement of the 
shunt 10–14 days later with preoperative confirmation of a sterile CSF. 
Treatment with antibiotics alone has a high failure rate and probably 
is relevant only in the high-risk surgical patient. Vancomycin has poor 
CSF penetration by IV route, and thus preservative-free ventricular 
vancomycin has been commonly used to treat shunt infections, despite 
the incomplete understanding of its side effects and toxicity.36

Shuntalgia Syndrome
Shuntalgia syndrome is an unusual shunt complication that presents 
with focal discomfort around the shunt site without swelling, fluctuance 
or redness. There may be tenderness along the shunt itself, and there is 
usually a hard fibrotic sheath of scar tissue around the shunt. Shuntalgia 
syndrome is common in adolescents and should generally be treated 
with conservative measures, although narcotic analgesics have been 
required in some cases. 
Shunt Separation, Fracture, or Migration
Shunts rarely may separate, fracture, and/or migrate within the first few 
months of surgery. Clinical examination and, if necessary, a shunt series 
of plain radiographs along the entire shunt tract are sufficient to confirm 
the diagnosis (Figure 119.10). The phenomenon of arrested HC (where-
by a child develops true shunt independence) is infrequent: 80% of 
children who have stable ventricles despite a disconnected shunt have a 
raised ICP.37 Therefore, most nonfunctioning shunts should be revised.
Hollow Viscus Perforation
Perforation of virtually every hollow viscus by the peritoneal catheter 
has been described, but is usually diagnosed by observation of the 
catheter protruding from the anus (Figure 119.11). The risk of hollow 
viscus perforation has been estimated at 1 per 1,000 shunt years.38 
Remarkably, peritonitis is rarely a presenting feature, likely due to the 
gradual erosion of the shunt through bowel. Treatment is similar to 
other cases of shunt infection and involves removal of the shunt in its 
entirety via a single valve-site incision in the cranium, external drainage 
for 10–14 days with intrathecal or intravenous (IV) antibiotics, fol-
lowed by shunt replacement. Laparotomy is reserved for the rare case 
of peritonitis, but is not routinely required to remove the shunt.
Spina Bifida Problems
In spina bifida, wound problems are frequent, including infection, 
dehiscence, and necrosis.11,39,40 They almost always can be managed 
conservatively with dressings, debridement, and sitz baths. CSF leaks 
may occur,11 and although most will resolve with time and control of the 
CSF pressure (with shunting or acetazolamide), persistent leaks may 
require re-exploration. 

Figure 119.9: Ventriculoperitoneal shunt erosion.

Figure 119.10: Perishunt CSF collection.

Figure 119.11: Shunt extrusion per rectum following chronic intestinal erosion.
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Retethering of the cord at the repair site occurs in 15–20% of long-
term cases9 and requires prompt surgical untethering where there are 
progressive symptoms.
Chiari II Problems
Concomitant shunting for HC at the time of the neonatal spinal defect 
closure is standard in developed nations, but the approach must differ 
in the developing world. In the African experience, early shunting leads 
to frequent shunt infection and ventriculitis.41 The authors’ evidence-
based practice is therefore to wait 5 days after the spinal closure for 
shunting, or longer if there is any evidence of wound infection. Mild, 
stable, HC with a cortical mantle of at least 3.5 cm can be observed 
safely for several months without deleterious effects.3 

Other Chiari II symptoms and signs (e.g., apnoea, stridor, poor 
swallowing) are initially managed by decreasing the ICP through 
shunting.9 Persistent symptoms may require a posterior fossa 
decompression,3,9 although this procedure is challenging and should be 
referred to specialised centres. 
Musculoskeletal Problems
Scoliosis and/or kyphosis are the most common orthopaedic associa-
tions of SB. They develop in up to 60% of children with SB,11 espe-
cially in children with thoracic defects.3 Seating appliances can help, 
but braces are of questionable value, and surgical management (spinal 
fusion) is very challenging.

Talipes equinovarus (TEV, or clubfoot) is the next most common 
orthopaedic problem.11 Ideally, it is treated conservatively through 
casting in the neonatal period; later on, a posteromedial release may 
be required.42 Other lower-extremity problems include high-arch foot 
deformity, leg-length discrepancy, flat foot, foot valgus, and congenital 
dislocation of the hip.11

Depending on the motor level, patients with SB may require 
a variety of orthotic devices to allow partial or full ambulation. 
These include above- and below-knee braces, crutches, walkers, and 
wheelchairs.3 Traditional teaching states that independent ambulation is 
possible if the quadriceps are strong (L3–4), but long-term studies have 
shown that the mobility of children with SB decreases with age despite 
stable neurological status.3,9

Gastrointestinal Problems
Nutritional problems are frequent in the SB population. Whereas obesi-
ty from limited activity is common in developed nations, many children 
with SB in the developing world suffer from nutritional deficiencies. 

Defecation problems are the main challenge in this population.43,44 
Constipation occurs predominantly in children with high lesions due to 
slow colonic transit, and in children with sacral lesions due to deficient 
rectal sensation.45 Constipation may be managed through dietary 
manipulation combined with regular finger stimulation or manual 
evacuation. 

Faecal incontinence is much more of a challenge, with at least half 
of children with SB being affected.11,45 Children with lumbosacral 
lesions often have pellet-like stools from slow left colonic transit, 
evacuated without voluntary control despite fair sphincter function. 
They are best managed with intentional constipating foods and daily 
manual evacuation. School-age children who fail this regimen should 
first be tried on retrograde washouts every 1 to 3 days.45,46 An enema 
device including a plastic “cone” used with an enema tube is an 
effective, easily produced, daily wash-out tool. The next step is the 
Malone antegrade continence enema (MACE) procedure.46,47 In this 
procedure, the child’s colon is cleaned daily with up to 500 ml water or 
saline administered through a cutaneous continent appendicostomy. In 
developed countries, this procedure has been modified to use a small 
cecostomy “button” device inserted under radiographic guidance.48 The 
standard cutaneous appendicostomy, however, is quite effective and 
well-suited for the developing world. 

Integumentary Problems
Decubitus ulcers occur frequently in patients with SB, especially those 
beyond the age of 5 years.11 These ulcers represent therapeutic challeng-
es. Similar to management of ulcers in other patients with neurological 
deficits, a conservative approach with saline dressings and avoidance of 
pressure areas is always warranted. Refractory ulcers can benefit from 
plastic surgical procedures, although recurrences are frequent. 

Other ulcers in these patients are found in the perineal area and 
are caused by urinary and/or stool incontinence. These ulcers must be 
managed by attempting to address the underlying incontinence problems.
Latex Allergy
Latex allergy is an immunoglobulin E (IgE)-mediated problem leading 
to the spectrum of urticaria, bronchospasm, and anaphylaxis. Although 
latex allergy is a frequent (20-30%) complication in children with SB 
in developed countries,49,50 it is rarely reported in the developing world. 
Some evidence from South Africa suggests a lower overall incidence 
compared to Western nations.51

Urological Problems
Spina bifida is the most common cause of neurogenic bladder dysfunc-
tion in Africa, although sacral agenesis, anorectal malformations, and 
sacrococcygeal teratoma also contribute. Neuropathic bladder leads 
to renal failure52,53 in 50% of untreated patients by the age of 5 years, 
and this constitutes the main cause of mortality in this population.54 
Children with SB should be monitored from birth whenever possible—
otherwise, late presentations may include palpable bladder, chronic 
renal failure, urinary tract infection (UTI), or urinary incontinence. 
Micturating cystourography (MCUG) and US may reveal a thick-
walled bladder with hydronephrosis and vesicoureteric reflux (VUR). 

The normal function of the bladder is to store urine at a safe pressure 
by coordinated relaxation of the detrusor muscle with tonic sphincter 
contraction, and to empty completely at low pressure on command by 
detrusor contraction with reflex sphincter relaxation. Failure of the 
sphincter tone leads to a low leak point pressure (LPP) and a wet child, 
but essentially a “safe” bladder. This may be assessed by examination 
of the anocutaneous reflex. If the anus is closed and contracts (winks) 
when the adjacent skin is scratched, this suggests an intact reflex arc 
and is usually matched by similar urinary sphincter competence. In 
contrast, the flaccid anus with no wink is usually associated with a low 
bladder outlet resistance. 

An intact anocutaneous reflex, however, does not ensure coordinated 
detrusor sphincter activity, and lack of reflex sphincter relaxation 
during detrusor contraction (sphincter dyssynergia, or DSD) causes 
bladder outlet obstruction, often leading to detrusor hypertrophy and 
fibrosis. This, in turn, results in a poorly compliant bladder in which 
the pressure rises during filling until the leak pressure is overcome and 
the child is wet. If this pressure is high enough, reflux and renal damage 
ensue. Detrusor instability occurs as a result of primary nerve injury 
or secondary to bladder damage caused by the DSD. In some cases, 
however, the detrusor is of low tonicity, and the bladder will be large 
and low-pressure even with a low fixed-resistance sphincter. Whenever 
there is poor detrusor tone or DSD, voiding will not be complete and 
there will be a significant post-void residual (PVR); this reduces the 
functional capacity of the bladder and increases the infection risk.

In summary, there is an interplay between the bladder and sphincter 
muscles, which may be considered in three groups: synergic (both 
muscles acting in unison (19%); dyssynergic with or without detrusor 
hypertonicity (DSD) (45%), and denervated (36%). The basic 
urological work-up of patients with SB includes renal US with PVR 
measurement, serum creatinine, and volume urodynamics. This may 
be performed with disposable pressure sensors attached to a dedicated 
computer-based system, or, more appropriate to the African setting, 
using a simple burette and three-way stopcock apparatus.55 Pressure 
measurement at 50% of estimated bladder capacity (8 ml/kg for infants 
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or 30 ml/year of age), PVR and LPP are the most important guides. 
More sophisticated electromyography (EMG) urodynamics is rarely 
contributory to outcome or management.

The mainstay in the treatment of the neurogenic bladder of children 
with SB is clean intermittent catheterisation (CIC). This procedure 
is simple to perform and to teach in all patient groups; in addition, 
it is inexpensive, safe,56 and very efficient. CIC has revolutionised 
urological care in SB and is well suited for resource-poor settings. It is 
most efficacious when started in infancy, although it can be started at 
any point in time. It is performed by the main caregiver of the child until 
the age of 6–7 years, after which self-catheterisation can be taught.56 

Most European centres perform urodynamics early and at intervals 
of up to 5 yearly depending on individual assessment and management 
needs. Alternatively, a nonselective approach can be used, as performed 
at BethanyKids, volume urodynamics are performed 3 days after the 
closure of the spinal defect, and caregivers are then taught to perform 
CIC if the volumetric criteria are met (LPP ≥ 30 cm or a PVR ≥ 10 cc).55 
Other criteria used include laboratory evidence of renal dysfunction 
(abnormal renal US, creatinine, or urinalysis), recurrent UTIs, and the 
need to promote social continence in older children. A pressure rise of 
greater than 20 cm H2O at 50% estimated bladder capacity has been 
associated with a poor renal outcome, and in developed countries is a 
relative indication for a bladder augmentation or diversion.

Antimuscarinics such as oxybutinin (administered either orally or 
intravesically) complement CIC by reducing detrusor overactivity; 
combined with CIC, these have been shown to significantly reduce 
the development of renal damage. CIC with or without medications 
will prevent renal deterioration in 90% of children with SB, and 
achieve social continence in about 85%.3 Only a minority of patients 
should require urological procedures such as bladder augmentation, 
bladder neck reconstruction, or urinary diversion.53,57,58 Augmentation 
cystoplasty and bladder neck repair have high revision and complication 
rates and should be performed only where ongoing surveillance and 
care can be guaranteed. 

Long-term renal follow-up is essential in all SB patients, however. 
The authors advise twice yearly renal US initially, with void pattern and 
urodynamics at intervals depending on the assessment of risk and evidence 
of changing urological status. In developed countries, renal transplantation 
is ultimately the treatment of choice for renal failure,54 but this is rarely an 
option in developing countries, underlining the importance of prevention 
of renal damage by good, early, assessment and management.

Prognosis and Outcomes 
The mortality associated with shunt placement is about 0.1%, but shunt 
failure is more lethal—1–4%—especially in the African setting with its 
frequent difficult and delayed access to health care. The operative risk 
of ETV is still being defined, but perioperative mortality may approach 
1%.1 Shunts fail due to mechanical or infectious causes at a rate of 
30–40% within the first year after placement,22 15% within the second 
year, and 1–7% per year thereafter. Shunt infection is associated with 
reduced intelligence quotient (IQ) and poor school performance, as 
well as a higher risk of future shunt infection.59 Although the risk of 
ventriculitis is reduced after ETV, it is not zero.

The mortality in patients with SB appears to be 25–50% into 
adulthood,3,50 and naturally higher in developing countries. Renal 
failure as well as sepsis and shunt complications are common causes 
of mortality.60 According to a long-term Western study, more than 
85% of SB patients have VP shunts, and most have undergone at least 
one revision.50 A third of the patients have undergone a tethered cord 
release, and half have scoliosis. The same long-term Western study 
showed, however, that 85% of patients are attending or have graduated 
from high school and/or college, and more than 80% have social 
bladder continence.50 A British study found a 50% mortality after 30 
years; among the survivors, 70% had an IQ of 80 or more, 37% lived 

independently in the community, 39% drove a car, 30% could walk 
more than 50 metres, and 26% were in formal employment.61 

Results from developing countries are rather scanty. A Nigerian study 
found that 40% of children with myelomeningoceles were “functionally 
disabled” and could not be adequately rehabilitated because of limited 
resources.39 The authors of that study therefore advocated selective 
management. A South African study revealed a 70% ambulation rate, 45% 
urinary continence, and a mean IQ of 80.20 As expected, results were better 
in urban areas and in the higher socioeconomic groups. The authors’ own 
experience in Kenya has shown that the quality of life of children with 
SB was quite acceptable, and was not related to the degree of the spinal 
defect.62 Interestingly, quality of life in SB appears strongly influenced 
not only by neurological characteristics, but also by “soft” factors such 
as parental hope.62

Prevention 
In East Africa, the single most common cause of hydrocephalus is infec-
tion of the CNS, usually via neonatal meningitis or ventriculitis. Neonatal 
sepsis is common and is exacerbated by the lack of skilled perinatal care 
for the majority of births in Africa.8 Newborns presenting with febrile 
illness should ideally receive appropriate diagnostic tests and directed 
antibiotic therapy, and not just empiric therapy for presumed malaria. 
Efforts at improving perinatal care in developing countries will undoubt-
edly help to reduce the incidence of post-infectious HC.

Based on the overwhelming evidence for the importance of folic 
acid in preventing NTDs, folate supplementation of at least 400 µg 
daily has been uniformly recommended for all women of childbearing 
age. However, the difficulty in reaching this wide at-risk group makes 
food fortification, adopted in most developed countries, a much better 
method.10 This policy, if implemented fully, is expected to result in a 
50% reduction in NTDs. Unfortunately, only 10% of African countries 
have been able to implement this policy.63

Ethical Issues 
There is a paucity of literature concerning the ethics of nontreatment of 
HC and the issues surrounding resource allocation in the treatment of this 
disease. Informed consent of the patient and family should address the 
need for lifelong ongoing surveillance of any child treated for HC, and the 
risks of shunt infection, shunt failure, and death. Families should be edu-
cated regarding signs of infection or shunt failure at the first admission.

Although we are not aware of any guidelines regarding assessment 
of medical futility in the setting of HC, we recommend extreme caution 
in shunting children with head circumferences >60 cm, or those who 
have nonhealing pressure sores on the skull. For many of these children, 
aggressive surgical intervention is futile, and family resources are 
challenged by lengthy or repeated admissions. 

Similarly SB treatment is a long-term commitment, and the decision 
to operate must be carefully discussed with the family. Major associated 
congenital anomalies and prenatal large HC may lead to a palliative 
approach without surgery, but the level of the defect should not affect 
that decision. Although in the past some have advocated a selective 
approach to SB,39,64 there is good evidence that a nonselective approach 
yields equally good results, while giving a chance for life to many 
more children.3,62,65 In fact, the overall mortality and the IQs of the 
unselected groups compare favourably with those of the “best” infants 
from the selected group.2 Looked at differently, 60% of the children 
from the selected group, who were allowed to die, would have been 
“competitive” if allowed to survive.3

Evidence-Based Research
Table 119.1 presents a prospective study of 195 Ugandan children 
that compares the Chhabra and Codman-Hakim Micro Precision shunt 
systems. Table 119.2 presents a trial study to evaluate the effect of 
folate supplementation periconceptionally in reducing foetal neural 
tube defects.
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1. Early treatment of HC with ventriculoperitoneal shunts remains 
the best method in Africa of preventing lifelong disability from 
increased intracranial pressure.

2. Clinical symptoms and signs and cranial ultrasound are sufficient 
for the diagnosis and management of children with HC.

3. Simple valved shunts, such as the Chhabra shunt, are as 
effective as more sophisticated devices and save significant 
resources.

4. Shunt placement must be a thoroughly sterile procedure 
performed by skilled, experienced surgeons.

5. Both mechanical and infectious shunt complications can 
be significantly reduced through meticulous technique and 
experience.

6. Children shunted for HC must be followed up for life and 
must have rapid access to health care facilities in case of 
complications.

7. Endoscopic third ventriculostomy shows significant promise 
for avoiding shunt morbidity in children with HC, but remains 
limited by technology and skill.

8. Besides early diagnosis, prevention of HC can be accomplished 
through efforts directed at the correct management of neonatal 
infections and folic acid supplementation for all women of child-
bearing age.

Key Summary Points

Title Comparison of 1-year outcomes for the Chhabra and 
Codman-Hakim Micro Precision shunt systems in Uganda: a 
prospective study in 195 children

Authors Warf BC

Institution CURE Children’s Hospital of Uganda, Mbale, Uganda

Reference J Neurosurg (Pediatrics 4) 2005; 102:358–362

Problem The high cost of commercial  ventriculoperitoneal (VP) shunt 
systems is prohibitive in Africa.

Intervention Insertion of VP shunts in hydrocephalic children.

Comparison/
control 
(quality of 
evidence)

Randomisation of 195 children between the Chhabra shunt 
system (cost: US$35) and Codman-Hakim Micro Precision 
Valve system (cost: US$650).

Outcome/ 
effect

No statistical difference was found in any shunt complication 
or overall outcome between the two shunt systems.

Historical 
significance/ 
comments

Classic, robust paper documenting the efficacy of 
appropriate simple technology for the African setting. 

Table 119.1: Evidence-based research.

Title Periconceptional supplementation with folate and/or 
multivitamins for preventing neural tube defects

Authors Lumley J, Watson L, Watson M, Bower C

Institution Cochrane Reviews

Reference Cochrane Database Syst Rev 2001, Issue 3

Problem The need to reduce the incidence of neural tube defects.

Intervention Periconceptual folate supplementation.

Comparison/
control 
(quality of 
evidence)

Four trials including 6,425 women, all randomised between 
folate supplementation and control.

Outcome/ 
effect

Periconceptional folate supplementation reduced the 
incidence of neural tube defects (relative risk 0.28, 95% 
confidence interval 0.13–0.58). Folate supplementation did 
not significantly increase miscarriage, ectopic pregnancy, 
or stillbirth.

Historical 
significance/ 
comments

Critical Cochrane review documenting the clear positive 
effect of folate in reducing neural tube defects without any 
deleterious effects.

Table 119.2: Evidence-based research.

Hydrocephalus Spina Bifida

1. Folic acid can prevent half of the cases of SB, and therefore 
efforts should be made to supplement folic acid in the diets 
of all women of child-bearing age. As this is very difficult in 
developing nations, policies for folic acid fortification of common 
foods should be actively pursued.

2. All children with SB should be thoroughly examined for 
associated conditions, including HC, musculoskeletal, 
genitourinary, gastrointestinal, and skin problems.

3. Initial investigations need include only head ultrasound and 
postoperative renal evaluation.

4. A nonselective approach to the treatment of SB leads to 
satisfactory results in developing nations and can be adopted 
if the resources are available.

5. Most SB defects in Africa present beyond 48 hours of life, and 
must therefore be considered infected.

6. Surgical repair may include transection of the cord, excision of 
the placode, and proximal dural closure in severe paraplegic 
cases.

7. Dural replacements and skin flaps must be avoided due to the 
risk of infection.

8. Shunting for HC, if needed, should be delayed by at least 
5 days after the closure of the SB defect, due to the risk of 
infection.

9. The long-term management of children with SB is complex 
and requires multidisciplinary resources; therefore, these 
children should, as much as possible, be treated or referred to 
centres able to provide the necessary care.

10. The key impact on the long-term survival of children with 
SB is proper urological management, including urodynamic 
evaluation, clean intermittent catheterisation, and detrusor 
overactivity relaxants. Clean intermittent catheterisation is 
effective, inexpensive, and feasible in developing nations. 
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CHAPTER 120

Common Paediatric 
Orthopaedic Diseases
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Introduction
Globally, traumatic injuries are amongst the 10 leading causes of 
morbidity and mortality in children and adolescents, with most of 
the burden borne by low- and middle-income countries (LMICs), in 
particular in Africa, South-East Asia, and the Western Pacific Region.1 
Furthermore, for every injury-related death, an estimated four or five 
children with severe injury-related disabilities are a significant drain to 
their families and health systems troubled by already low resources.2 
Traumatic injury is estimated to get worse over time, in particular in 
the developing world, largely due to the increasing prevalence of road 
traffic injuries, especially in Africa.3 

Most posttraumatic disabilities are due to injuries to the upper 
or lower extremities or to the spine.4,5 For the sheer volume of 
musculoskeletal injuries seen everywhere in Africa, rural or urban, any 
hospital accepting all types of emergencies would require significant 
orthopaedic surgical services.6 Furthermore, with more than 50% of 
the population under the age of 15 years in most developing countries, 
a specific familiarity with paediatric orthopaedic traumatic injuries 
would be required. 

In most LMICs, very few orthopaedic surgeons are available to deal 
with these many surgical problems, and even fewer are formally trained 
paediatric orthopaedic surgeons. As such, most orthopaedic surgical 
services throughout Africa have been provided by general surgeons 
or orthopaedic clinical officers with some surgical training.7 With 
the literature on the efficacy of African traditional bonesetters being 
limited, and in general negative,8–10 it is likely that generalist surgeons 
and nonphysician clinical officers will continue to provide the vast 
majority of orthopaedic surgery in Africa for the foreseeable future. 

Apart from the traumatic orthopaedic problems African children must 
endure are the additional surgical problems of congenital deformities, 
infections, and other conditions affecting the musculoskeletal system. 
Figure 120.1 presents data from Rwanda from what is probably the 
first national, population-based survey done in sub-Saharan Africa 
examining the extent of musculoskeletal impairment and treatment 
needs in children.11 Beyond the sizeable burden of the acute traumatic 
issues already mentioned, data extrapolation from the results of 
this study estimates that 50,000 children in Rwanda are in need 
of orthopaedic surgery for old traumatic problems, neurological 
impairments, nontraumatic angular deformities (e.g., rickets), congenital 
anomalies (e.g., clubfoot), and bony infections.

The purpose of this chapter is to introduce newer, evidence-based 
approaches to some old and persistent orthopaedic surgical problems, 
not only in sub-Saharan Africa but also throughout the developing world. 
Bach7 argues the traditional orthopaedic mantra of “Never close an open 
fracture nor open a closed one” in African centres, given improvements in 
sterilisation equipment, orthopaedic implants, availability of antibiotics, 
and so forth. Furthermore, failures of conservative orthopaedic care can 
result in significant disability. Utilisation of a public health, evidence-
based approach to musculoskeletal surgical problems may reduce the 
sizeable morbidity of orthopaedic problems in African children. Specific 

problems discussed will include clubfoot, an approach to open fractures 
to reduce posttraumatic chronic osteomyelitis, and evidence to support 
an open surgical approach to supracondylar fractures of the paediatric 
elbow. Also addressed are angular deformities related to polio and 
nutritional rickets.

Figure 120.1: The musculoskeletal problems that exist beyond the acute 
orthopaedic trauma needs for children in Rwanda. A major part of a public 
health–oriented, evidence-based approach to surgical problems is the need for 
accurate data to plan health services. 

Source: Atijosan O, Simms V, Kuper H, Rischewski D, Lavy C. The orthopedic needs of children 
in Rwanda: results from a national survey and orthopaedic service implications. J Pediatri 
Orthop 2009; 29:948–951.

Congenital Idiopathic Clubfoot in Africa
Introduction
Clubfoot (CF) is perhaps the most prevalent, congenitally disabling 
musculoskeletal problem in the world today, leading to a lifetime of 
unnecessary morbidity if untreated. This condition always requires 
treatment, and in the past required a major surgical procedure from an 
experienced paediatric orthopaedic surgeon, with long-term follow-up. 
With few experienced surgeons and impoverished conditions, most 
CF in the developing world has been neglected, with resultant major 
disability. Over the last two decades, however, the developed world’s 
evidence based movement in orthopaedic surgery has identified an 
essentially nonoperative clinical approach to CF called the Ponseti 
method.12–14 An independent critical review of the available literature 
supports the Ponseti approach, and in Africa, Tindall and colleagues15 
have shown that even trained clinical officers (nondoctors, not just non-
orthopaedists) can successfully manipulate idiopathic clubfeet using the 
Ponseti technique in Malawi. Similar findings elsewhere in Africa have 
demonstrated that a physiotherapist-delivered Ponseti programme can 
effectively manage CF in low-resource settings.16 

Although not without some problems, the Ponseti method may 
significantly reduce the burden of this major orthopaedic disabler in 
many LMICs by reducing the need for major operative interventions. 
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Demographics 
Clubfoot deformity is the most common congenital cause of ambula-
tory disability in the developing world, with a worldwide incidence of 
approximately 1 in 1,000 live births (1 in 500 in Malawi), the male-to-
female ratio is 2:1, and it is bilateral in 50% of cases.17 Omololu et al.18 
has shown, by a prospective study at the University of Ibadan, that the 
most common congenital orthopaedic malformations—more than 50% 
of all congenital musculoskeletal (MSK) malformations—were CF, with 
hip dysplasia accounting for only 2.2 % of all cases, for comparison. 
Aetiology/Pathophysiology 
Many theories exist regarding the aetiology of clubfoot, but none have 
been proven. These theories cite foetal development arrest, contracting 
fibrosis, and myogenic and neurogenic causes.
Clinical presentation 
History
Clubfoot is not infrequently a component of an underlying syndrome, 
and therefore a complete history and physical are required. CF, for 
example, can be associated with hand anomalies, certain forms of 
dwarfism, arthrogryposis, myelomeningocele, and many other afflic-
tions. Furthermore, the spine should be examined for evidence of spinal 
dysraphism at the base of the spine, such as a hairy tuft, haemangioma, 
lipoma, among others. A unilateral cavus foot, especially one that was 
not as evident at birth but has developed over time, could be secondary 
to an intraspinal condition such as a diastomatomyelia. A neurological 
examination is normal in idiopathic clubfoot.

Note that a significant genetic component exists for the transmission 
of CF. 

Physical examination
The CF deformity is present and obvious at birth, and it is usually not 
a difficult clinical diagnosis. CF presents as a complex, three-dimen-
sional congenital deformity that includes the components of hind-foot 
equinus, hind-foot varus, and mid-foot adductus and medial rotation 
(Figures 120.2 and 120.3). Another name for CF frequently seen in 
the literature is congenital talipes equinovarus (CTEV or TEV). It is 
the equinus component (the tight Achilles tendon) that differentiates it 
from severe metatarsus varus of the midfoot, another congenital foot 
anomaly evident at birth.

The CF deformity varies in severity, with classic or “idiopathic” 
clubfoot being most common. There is generalised hypoplasia of the 
entire leg on a limb affected with CF. The hind-foot, in particular 
the talus, is most dysplastic. The talar neck is shortened and angled 
medially and plantar-ward. The navicular articulates with the deformed 
medial head of the talus. All the hindfoot and midtarsal bones are 
hypoplastic, and the cartilage, ligaments, and muscles of the foot are 
hypoplastic and contracted. 

The example of idiopathic clubfoot deformity in the newborn shown 
in Figure 120.2 is suitable for management with the Ponseti method. 
Treatment should begin immediately for best clinical outcomes. In 
contrast, neglected clubfoot is unsuitable for the Ponseti method of 
treatment and requires complex reconstructive surgery by an experienced 
surgeon. Functionality of the individual patient must be assessed 
carefully as it may be prudent to not submit the patient to difficult and 
somewhat risky surgical procedures. The child shown in Figure 120.3 
would require several staged operations on each foot, and before this, 
he would likely need soft tissue releases for chronic knee contractures. 
This amount of surgery is beyond the capacity of most health systems 
in Africa. Clearly, treatment with the Ponseti method from birth would 
have prevented this chronic disability, and at a relatively low cost.

Currently, there is no widely used rating system for the severity of 
CF, but in general the more fixed a deformity, the greater the severity. 
The severity of clubfoot deformity is suggested by the extent of 
stiffness and size differentiation of the feet if unilateral. 

Source: Courtesy of Dr. Norgrove Penny, Senior Advisor for Physical Impairments, CBM 
International; Uganda Sustainable Clubfoot Care Project.

Figure 120.2: Bilateral clubfoot deformity in a newborn. Note the foot plantar 
flexion, hindfoot varus, and midfoot adductus.

Source: Courtesy of Dr. Norgrove Penny, Senior Advisor for Physical Impairments, CBM 
International; Uganda Sustainable Clubfoot Care Project.

Figure 120.3: (A) An example of neglected clubfeet in an older child. (B) 
The foot deformity in this particular case is of such severity that sustained 
ambulation was too painful and it became easiest for the child to walk on his 
knees. Many children do ambulate upright on their deformed feet. 

A

B
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Investigations 
Little consensus exists on the role of radiography in the diagnosis and 
management of idiopathic CF because the diagnosis in the newborn is 
readily made clinically. Ossification of the foot bones is slight even in 
healthy newborns, so the expenditure for radiographs would seem quite 
redundant. In neglected CF, radiographs may help the experienced sur-
geon to plan operative management; however, this is beyond the scope 
of this discussion.
Management 
The general goal of management for CF of any kind and from any aeti-
ology is to restore to the patient a pain-free, plantigrade foot. Here we 
discuss idiopathic CF diagnosed early, essentially after birth.

The Ponseti approach is a technique of serial manipulations and 
casting of the affected leg, beginning almost immediately after birth; 
most cases require a very minor surgical procedure—a percutaneous 
heel-cord tenotomy.12 Ponseti demonstrated by using long-term studies 
spanning four decades, that his technique is so effective that the rate 
of primary operative treatment for clubfoot has decreased from more 
than 80% to less than 5% in many populations. Moreover, treatment 
results have been shown to be as effective as surgery in terms of overall 
function and reduction of risk of recurrence.

The clubfoot is manipulated through a series of sequential steps: 

important, is required. Dr. Norgrove Penny, Senior Advisor for Physical 
Impairments, CBM International, Uganda Sustainable Clubfoot Care 
Project, has found that percutaneous tenotomy has a definite learning 
curve among trainees.

Step 1: The forefoot is supinated and the first metatarsal 
is dorsiflexed to correct the cavus deformity of the 
foot. 

Step 2: While the forefoot remains in supination, the fore-
foot is abducted while counter pressure is applied 
to the head of the talus. This corrects the varus and 
medial deviation of the foot. 

Step 3: Finally, dorsiflexion of the fully abducted foot cor-
rects the equinus.

Step 4: The treatment consists of the application of serial 
casts to the manipulated foot, followed by orthotic 
management with a foot-ankle orthosis (FAO). 

Source: Courtesy of Dr. Norgrove Penny, Senior Advisor for Physical Impairments, CBM 
International; Uganda Sustainable Clubfoot Care Project.

Figure 120.4 (A) A newborn idiopathic clubfoot deformity. (B) One step in the 
sequential Ponseti technique of serial manipulation of the clubfoot prior to (C) 
serial casting. All the sequences of the Ponseti method are not shown here. 
(D) A successful example of the general goal of all clubfoot care: a pain-free, 
plantigrade foot that can fit in normal shoes (E). 

A

C D
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 Treatment should begin immediately after birth, if possible. The 
clubfoot typically corrects after the application of four to five long-leg 
plaster casts that are applied to the manipulated foot with the knee at 
90° (Figure 120.4). These casts are changed every 4 to 5 days. The final 
cast should be in a position of 70° of abduction and 20° of dorsiflexion. 
A percutaneous tenotomy of the Achilles tendon is necessary in 80% of 
the cases. If a tenotomy is performed, the last cast is worn for 3 weeks. 
After the removal of the final cast, an FAO is worn to prevent relapses. 
The FAO should be worn for 23 hours per day for the first 3 months 
and at naptime and nighttime only until 3–4 years of age. Relapses are 
correctable with the Ponseti method if caught early enough.12,13 

The Ponseti treatment is early management of clubfoot and in 
general is not used in the clinical management of advanced neglected 
clubfoot. Neglected clubfoot treatment usually requires complex 
surgery, which cannot be taught to nonspecialists and should be referred 
to larger centres with experienced surgeons. However, some recent 
work in Brazil has shown some success in using low-cost Ponseti 
methods for treatment of neglected CF presenting after walking age, 
and more work may show less invasive techniques suitable for well-
established cases of CF.19

Postoperative Complications 
The stiffer the clubfoot, the less likely manipulation and casting by 
using the Ponseti technique will work. It is important to start treat-
ment as soon as possible. If, after 3 months of Ponseti treatment, 
the foot is still not corrected, then a surgical procedure will likely be 
required at some point. Proper training on the Ponseti technique, with 
emphasis on the sequence of manipulation and casting being very 

Prognosis and Outcomes 
The Ponseti method achieved complete deformity correction in 95% of 
patients in a series by Morcuende et al.20 Malawi has set up a Ponseti 
programme in 25 health districts and corrected 67% of cases to a func-
tional plantigrade foot; however, difficulties with the supply of plaster 
and splints and patient compliance have affected the results, requiring 
more research.17 Pirani et al.21 have shown very impressive results in the 
management of idiopathic CF identified at birth. Their work in Uganda 
underscored the importance of ideal conditions. Due to the significant 
demand made on both the parents of affected children and the local 
health care systems, clinical success on a large scale may be more chal-
lenging than anticipated.
Prevention 
In 2002, Uganda adopted a national strategy of clubfoot care as a public 
health prevention of disability programme. After six years, the Uganda 
Sustainable Clubfoot Care Project (USCCP) has collected data to sug-
gest that the Ponseti clubfoot care approach is effective and sustain-
able.21 Rural health care workers, including midwives and traditional 
birth attendants who come into regular contact with mothers and infants, 
were trained to diagnose CF and to refer infants with this deformity to 
local orthopaedic officers, who in turn were trained to treat these patients 
by the Ponseti method. A key to the programme was that orthopaedic 
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officers and sensitized paramedical personnel were assigned to all dis-
trict and regional hospitals. Early management is key to the success of 
the Ponseti method and part of the major challenge is community educa-
tion to find the patients to start treatment (Figure 120.5).

Demographics 
Ikem et al.28 studied open fracture in Ile-Ife, Nigeria, and found the 
majority of open fractures were Gustilo type II or III open fractures 
(Table 120.1), indicating a higher risk of subsequent infection of lower-
extremity fractures. Nearly half (45.8%) of these open fractures went 
on to fulminant infection, with delay in initial wound management 
being the major predisposing factor to subsequent infection.

Source: Courtesy of Dr. Norgrove Penny, Senior Advisor for Physical Impairments, CBM 
International; Uganda Sustainable Clubfoot Care Project.

Figure 120.5. The Uganda Sustainable Clubfoot Care Project public education 
poster, which should be near every infirmary, birth site, hospital, and paediatric 
facility.

Ethical Issues 
Every effort should be made to promote programmes such USCCP.21 
Surgeons, clinicians, and community leaders must advocate for the 
early diagnosis and referral to a centre providing Ponseti techniques 
and ongoing management (see Figure 120.5). It behooves surgeons and 
researchers to inform their respective health ministries and politicians 
of the success of programmes such as USCCP.

Secondary Prevention of Osteomyelitis Using 
Optimal Surgical Principles for Open Fractures

Introduction
Bickler et al.22 showed that of all surgical conditions in the Gambia, 
osteomyelitis alone accounted for 15% of total hospital inpatient days, 
second only to burns. Although haematogenous osteomyelitis may be 
a more frequent cause of chronic bony infection in African children, 
posttraumatic osteomyelitis is also an important cause.23 Indeed, from 
a surgeon’s public-health-approach point of view, the open fracture is 
a more important cause because the surgeon can secondarily prevent 
posttraumatic osteomyelitis with an appropriate and timely surgical 
debridement. Haematogenous osteomyelitis can be prevented primar-
ily through nonsurgical means, such as vaccination programmes,24 
improved nutrition, and poverty alleviation, which in general are not 
the purview of the African surgeon. From a cost-effectiveness point of 
view, the resources needed to treat an established posttraumatic osteo-
myelitis are likely much higher than those utilised to treat an acutely 
open fracture.26 

It is the authors’ contention that because open fractures are 
so common, many textbooks assume that their management is a 
readily available skill even in the primary health care worker’s set 
of competencies. The sections on open fracture care in both King’s 
Primary Surgery26 or in the World Health Organization (WHO) Surgical 
Care at the District Hospital27 each occupy less than half a page and 
suggest “careful wound toilet” without a detailed outline of the steps 
needed in appropriate debridement and irrigation and treatment of the 
open wound. It is the purpose of this section to give the salient details 
of open fracture management, in particular the precise factors important 
for optimum open fracture debridement. 

Source: From Gustilo RB, Anderson JT. Prevention of infection in the treatment of 1,025 open 
fractures of long bones, retrospective and prospective analyses. J Bone Joint Surg 1976; 58-
A:453–458.

Table 120.1: Gustilo classification of open fractures

Gustilo classification Description

Type I An open fracture with a wound <1 cm long and clean.

Type II An open fracture with a laceration >1 cm long without 
extensive soft tissue damage, flaps, or avulsions.

Type III
Massive soft tissue damage, compromised 
vascularity, severe wound contamination, marked 
fracture instability.

Type IIIA
Adequate soft tissue coverage of fracture despite 
extensive soft tissue laceration or flaps, or high-
energy trauma irrespective of the size of the wound.

Type IIIB
Extensive soft tissue injury loss with periosteal 
strippingand bone exposure; usually associated with 
massive contamination.

Type IIIC Open fracture associated with arterial injury requiring 
repair.

Aetiology/Pathophysiology 
Ikem and colleagues28 found that in Nigeria Staphylococcus aureus and 
coagulase-negative staphylococci were the most common organisms 
associated with open fracture, and delay in initial wound management 
was a major predisposing factor to wound infection. Fortunately, these 
organisms are readily treated with antibiotics, but only if supplemented 
with surgical debridement.25 
Clinical Presentation 
History
The history of an injury resulting in an open fracture is important on 
a number of levels. The time from injury to treatment has been estab-
lished as an important factor in the outcome of the injury. As important 
may be the mechanism of injury, with low-energy injuries (e.g., falls) 
usually resulting in a Gustilo type I or II fracture, and a high-energy 
trauma (e.g., motor vehicle crashes) resulting in a type III open fracture, 
with major tissue loss and possible vascular injury. One must always 
ask the extent of wound contamination at the injury site—for example, 
whether the contamination was from a farm, an environment notori-
ously bad for multiorganism and clostridium infections.

Comorbidities with the injury are also important in that a hypotensive 
patient cannot adequately perfuse injured tissue, making it more 
susceptible to inoculation by infecting organisms. Preinjury comorbidities, 
such as HIV, sickle cell anaemia, malaria, and malnutrition, can all affect 
susceptibility to infection in damaged tissue.29

The history should also include tetanus immunisation, as tetanus 
continues to be a problem in LMICs.30 Allergy to antiobiotics must also 
always be determined.

Physical examination
The accepted management of open fractures, where there is disruption of 
skin and soft tissue such that there is exposed bone to the environment, is 
surgical debridement and irrigation within 6 hours of the injury.31

In general, it is appropriate to consider type I and II fractures as low-
energy wounds and type III fractures as high-energy wounds.33
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Investigations 
Plain radiographs can help the clinician decide the extent of debride-
ment necessary and bony comminution (fragmentation of bone) within 
the fracture. Avascular pieces of bone will require removal from the 
wound during debridement because the avascularity of bone fragments 
will render them foci of infection in the wound if not removed. 

Arguably, resources for taking and processing cultures of wounds 
in acute injuries should not be routinely utilized. Specimens for gram 
stain, culture, and sensitivity really play a role only in identifying 
organisms responsible for chronic infections in bone, such as established 
osteomyelitis. 
Management 
The goals of treatment for open fractures in children are to avoid infec-
tion, achieve soft tissue coverage and bony union and to restore function.

Presurgical management
Acute trauma resuscitation, tetanus prophylaxis, starting of antibiot-
ics, removal of gross debris, sterile irrigation and sterile dressing, and 
immobilisation should be carried out initially. The theatre is prepared 
for surgery. Although general anaesthesia should be used ideally, in par-
ticular with type III fractures for more aggressive debridement, effective 
regional blocks of upper and lower extremities with local anaesthetic 
can be used for open fracture wound care. Lack of general anaesthetic 
capability should not be used as a reason not to wash out an open frac-
ture. There is some evidence that early administration of antiobiotics 
may protect against infection even if surgical debridement is delayed.33

Surgical management
Surgical management involves irrigation and debridement of open frac-
tures. The necessary equipment includes a basic bone set (osteotome, 
curette, rongeur), 6–12 liters of normal saline, and wide-bore tubing for 
copious gravity irrigation as well as bulb and syringe for irrigation. The 
surgical procedure is as follows:
1.Open laceration is extended longitudinally to provide exposure. 
2. Fracture ends are exposed.
3. Devitalised material is removed.
4. Bone ends are cleared of all debris, including haematoma 
(contaminated), with curette.
5. One litre of normal saline (or available solution) per centimeter of 
wound is used for irrigation.
6. Suture with 3-0 nylon.
7. Incisions are closed and the open wound is left open; if in doubt, the 
wound is left open but tendons, nerves, and vessels are covered.

A tourniquet can be applied for proximal vascular control, should 
it be required; however, the tourniquet should not be inflated in order 
to determine viability of tissue by bleeding. Any and all avascular 
tissue, including any bone fragments that no longer have soft tissue 
attachments (and hence blood supply) must be removed due to risks of 
becoming infectious foci.

Treatment of wounds by specific Gustilo type
For type I and II fractures, open wounds are opened further by longitu-
dinal incisions proximal and distal to the open wound in order to expose 
the entire fracture site, (fragments and soft tissue) so that all areas can 
be inspected and debrided. A 1-cm wound, or even a puncture wound, 
more often than not hides a larger cavity below the surface. The sharp 
edge of the fractured bone usually has damaged muscle, leaving large 
cavities occupied by haematoma, which should be assumed contami-
nated until surgically debrided.

For type III fractures, principles similar to those for type I and II 
fractures apply. Sharp debridement is essential and does less damage than 
scraping healthy tissue with curettes. Wound debridement is done in a 
centripetal fashion,34 and bony ends are delivered outside of the wound 
while the ends are meticulously cleaned of debris. The use of prophylactic 

fasciotomies should be considered. Repeat debridement is performed in 
48–72 hours in order to excise devitalised tissue in type III fractures. 

Types of solutions for irrigation
Normal saline is superior to other proposed irrigation agents because it 
is isotonic and does not disturb the body’s natural healing processes.32 
The cost of sterile normal saline makes its availability a concern; a 
Cochrane Database Systematic Review35 of tap water for cleansing has 
shown that in washing out open fractures, in the absence of potable 
water, boiled and cooled water or distilled water can be used as irriga-
tion agents. Cyr and colleagues36 studied the use of 5% sodium hypo-
chlorite (Dakin’s solution) in ground-derived field water, and showed 
that the treatment could virtually eliminate the bacterial burden and 
make the water useable.

Volume of solution for irrigation
Evidence for the optimum volume of solution to use in irrigation is 
minimal, but in general, the recommendation is 3 liters for a type I frac-
ture, 6 liters for a type II fracture, and 9 liters for a type III fracture.37 
Another guideline is to use 3 liters of solution followed by 1 liter for 
each centimeter of open wound. 

Solution delivery system for wound
High-pressure pulsatile lavage may injure already traumatised tissue 
and may drive bacteria deeper into the wound.37 Low-pressure irriga-
tion methods, such as continuous gravity irrigation or bulb syringe and 
suction irrigation, is efficacious in the removal of foreign material.32 

Wound closure and fracture stabilisation
A soft tissue closure plan should be developed, but bone and wound 
coverage should not compromise excision of nonviable or contaminated 
tissue. A discussion on fracture stabilisation is beyond this review; how-
ever, protection of soft tissue should be the initial concern. Pain control 
is also important, and provisional stabilisation can always be revised. 
When in doubt, do not close the wound completely. In low-energy type 
I fractures that are treated less than 24 hours following the open injury, 
consideration can sometimes be made for primary closure. This is an 
approach used in the best of health care settings; it may not be realistic 
in the African setting. If in doubt, it is best to leave the wound open.

Antibiotics
The best “antibiotic” is an excellent wound debridement. In other 
words, no amount or duration of antibiotics can substitute for a timely 
and well-performed surgical debridement. Antibiotic prophylaxis for 
open fractures can depend on local factors and availabilities. In general, 
prophylaxis includes a first-generation cephalosporin, plus or minus an 
aminoglycoside, plus or minus penicillin, all depending on the type and 
extent of wound contamination. 

Melvin et al.32 have developed a detailed algorithm for management 
of open tibial fractures in the high-resource setting, but it still is useful 
to the low-income setting, in particular, in helping decision making 
for primary amputation following severe type III open fractures with 
neurovascular loss.
Postoperative Complications 
The main adverse outcome of surgical debridement is ongoing infection 
and delayed union of the fracture. A low threshold for re-debridement 
of open wounds should be maintained at all times; for type III fractures, 
a routine re-debridement and irrigation at 48–72 hours after the first 
surgery should be considered almost routine. 

Vascularity of tissue, including arterial supply and venous drainage, 
is the single most important determinant of complications following an 
open fracture.34 Knowledge of watershed areas of blood supply to bone 
in the body is important, but is beyond the scope of this review.
Prognosis and Outcomes 
Bach et al.38 have shown in Malawi that modern management of open 
fractures in experienced hands can achieve clinical results similar to 
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that seen in higher-income clinical settings. Chronic disability in their 
cohort of patients at a free-at source hospital was seen in only 12% of 
patients following open fractures. This work should stand as an indica-
tor that much can be done in Africa to reduce the burden of posttrau-
matic osteomyelitis, as the prevalence of open fractures in children will 
likely increase with the increasing incidence of motor-vehicle crashes, 
in particular vehicles hitting children.2 
Prevention 
Prompt surgical intervention to remove the potential for infection in 
open fractures can be considered a form of secondary prevention. 
Primary prevention would be an intervention to avoid the traumatic 
event leading to the open fracture, such as streetlights at night so 
car-child impacts might be avoided. Secondary prevention by timely, 
aggressive, and extensive debridement and irrigation of an open frac-
ture prevents the establishment of osteomyelitis. 

Bach et al.38 found that in Malawi only 72% of patients reached the 
hospital within 24 hours of their open fracture. Although the Gustilo 
and Anderson31 recommendation of irrigation and debridement within 
6 hours may be unrealistic at the present time for much of Africa, 
the most recent evidence from a North American setting suggests 
that chronic infection can be avoided following open fracture if the 
patient presents within a maximum of 24 hours.39 However, an equally 
important factor is the quality of the debridement and irrigation. 
Ethical Issues 
The causes of delayed management of open fractures requires study, but 
little work has been done in this area in developing countries. Clearly, 
the effects of poverty, malnutrition, and clinical co-morbidities (e.g., 
human immunodeficiency virus (HIV), anaemia, sickle cell anaemia, 
malaria, tuberculosis (TB)) all will have profound effects on wound 
healing, bony union, and avoidance of infection.

Supracondylar Elbow Fracture in Children
Introduction
Supracondylar fractures (SCFs) in children are common injuries through-
out the world and are also the most common injuries requiring surgical 
intervention. They also cause the most complications and poor outcomes 
if not adequately treated, in particular when suboptimally managed with 
poor local resources and expertise.40 Every attempt should be made to 
manage these problematic fractures with closed reduction and percutane-
ous pinning, but there is an arguably growing consensus that the thresh-
old for performing an open reduction should be lowered.41 It is likely that 
a careful open reduction may be safer than multiple attempts at closed 
reduction and acceptance of a poorly reduced fracture. Furthermore, 
Howard42 has described little difference in outcomes in closed versus 
open reductions, and the historical worries of excessive stiffness and 
heterotopic ossification following open reductions are likely unfounded. 

In the developing world, other issues may favour open reduction, 
such as delayed presentation, where closed reductions of a type III 
displaced SCF after one week can be very difficult and perhaps even 
unsafe. Furthermore, it is the experience of one of the authors (PJM), 
working in Asia, that open reduction of SCF in the absence of x-ray 
assistance in the operating room (OR) can ensure anatomic reduction 
and accurate placement of percutaneous pins. Therefore, for practical 
reasons, open reduction of the paediatric supracondylar fracture in 
LMICs may be indicated, and it is the purpose of this section to briefly 
introduce the concept of open reduction via an anterior approach to the 
elbow for the typical extension-type supracondylar fracture.

It must be emphasized, however, that if an adequate closed 
reduction and percutaneous pinning can be achieved, it is the preferred 
management. However, in light of clear indications for open reduction 
and internal fixation (e.g., vascular or nerve deficit, irreducible 
fracture), an anterior approach as described herein aids in the vast 
majority of severe SCF of the paediatric elbow.

Demographics 
Supracondylar fractures of the paediatric elbow are the most common 
operative fractures in children in both the developed43 and developing40 
worlds. In the developing world, SCF often presents late and treatment 
is delayed, increasing the need for an open reduction.44,45 Typically, 
more males have SCF, and the left elbow appears to be more at risk. 
The peak age of 5 to 8 years seems to correlate with the peak of hyper-
extensibility of the child’s elbow.
Aetiology/Pathophysiology 

Most SCFs displace in extension (95%), either posteromedially 
or posterolaterally, threatening important neurovascular structures 
as a result (Figures 120.6 and 120.7). Flexion injuries are far less 
common. The degree of fracture displacement likely indicates the risk 
to neurovascular structures.

Figure 120.6: (A) In a posteromedial type III fracture, if the spike of bone from 
the leading edge of the proximal humeral fragment penetrates the brachialis 
muscle laterally, the radial nerve may be tethered. (B) In a posterolaterally 
displaced type III fracture, the spike can tether the median nerve and the 
brachial artery together.

Source: Beaty JH, Kasser, JR, eds. Rockwood and Wilkins’ Fractures in Children, 6th ed., 
Lippincott, Williams and Wilkins, 2006, with permission.

A B

Source: Beaty JH, Kasser, JR, eds. Rockwood and Wilkins’ Fractures in Children, 6th ed., 
Lippincott, Williams and Wilkins, 2006, with permission.

Figure 120.7: Mechanism of vascular injury to the brachial artery in typical 
extension-type supracondylar fracture of the elbow. Increasing displacement 
likely increases the extent of injury to the artery. Timely closed reduction, even 
in the emergency room, often will restore a feeble or absent radial pulse. 

Clinical Presentation 
History
Mechanism of injury details are important (e.g., how high was the fall? 
what was the position of the elbow during the fall?). Other injuries, 
especially ipsilateral shoulder/wrist/forearm injuries are important for 
management. The last meal, which hand is dominant, and previous 
injuries to the elbow may be important. Past immunisations and past 
general anaesthetic complications should be queried.
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Physical examination
The preoperative evaluation involves an obvious deformity with the 
elbow usually extended. Documentation of neurological status of the 
median, ulnar, and radial nerves as well as assessment of the pulse are 
important. A pulseless hand that is warm and with normal capillary 
filling can often be followed, but serial examination is important to 
ensure the hand remains viable despite an absent or weak pulse. Serial 
examination is important to watch for the evolution of a compartment 
syndrome. A cold, pulseless hand requires exploration of the bra-
chial artery, as described in the Management section of this chapter. In 
10–20% of cases there is a neurological deficit, the most common being 
the anterior interosseous nerve (AIN), which motors the deep flexor of 
the index finger and flexor polllicis longus. 

A haematoma on the anterior elbow surface indicates muscle damage 
to the distal brachialis and biceps muscle and suggests the possibility 
of bone fragment invagination into muscle. An anterior haematoma on 
the skin is a good landmark to guide the anterior incision for an open 
approach to the fracture because following the skin incision, the deeper 
dissection is usually already done by the sharp fracture fragment, and 
just below the incision the fracture is often immediately accessible 
(Figure 120.8). Furthermore, the neurovascular structures (Figures 
120.6–120.8) at risk for injury are easily found anteriorly. 
Investigations 
Plain anteroposterior (AP) and lateral radiographs suffice to show the 
type of fracture for classification purposes and for treatment. There are 
two types of fractures: the extension type (95%) and flexion type. 

Gartland’s classification for extension fractures recognizes that 
anterior cortex fails first with a resultant posterior displacement of the 
distal fragment:46

Management 
Past concerns and reluctance to open the paediatric elbow due to con-
cerns of stiffness are unfounded, and many authors have shown that 
open reduction is safe and effective.47,48 Fleuri-Chateau et al.,41 Gennari 
et al.,49 and Beaty and Kasser43 have demonstrated that open reduction 
of SCF is safe and effective and concluded that the threshold for open 
reduction should be lowered. It is the authors’ contention that open 
reduction will likely be safer and more effective for severe, irreducible 

fractures, in particular for the surgeon who deals relatively infrequently 
with these fractures. A brief review of the pertinent anatomy before 
surgery helps to appreciate the location of the neurovascular bundles 
demonstrated in Figures 120.6 and 120.7. 

Open reduction improves the ability for satisfactory reduction in the 
absence of imaging intensification. With an anterior transverse incision, 
the fracture fragments can be pieced together and held with the fingers 
in position while K-wires are drilled retrograde from the distal into the 
proximal fragment. Without x-ray imaging, the position of the K-wires 
is appreciated because the surgeon can see where the K-wire is going 
into bone through the open wound. 

Koudstaal et al.50 demonstrated that the anterior approach to 
displaced extension type supracondylar fractures was preferable to other 
open techniques in terms of safety and simplicity. It is a compelling 
approach in that it exposes directly the threatened neurovascular bundle 
(see Figure 120.8) and the subcutaneous haematoma anterior to the 
elbow joint usually means the dissection deep to the skin incision down 
to bone has already been done by the proximal fracture sharp edge. 
Once skin is incised, exploration with the finger is often direct to bone. 

Anterior approach to the paediatric elbow

Source: Beaty JH, Kasser, JR, eds. Rockwood and Wilkins’ Fractures in Children, 6th ed., 
Lippincott, Williams and Wilkins, 2006, with permission.

Figure 120.8: The anteromedial approach: A curvilinear anterior approach 
with the proximal arm of the incision being superomedial can address the 
neurovascular bundle (NVB) that is at risk in most type III SCFs. The proximal 
humeral fragment is often buttonholed through the brachialis muscle, and 
the NVB is tented over this. Because of the muscle damage anteriorly, the 
subcutaneous haematoma there can be used to guide the incision. Since most 
of the damage is done, direct visualisation allows for anatomic reduction and 
pinning of the fracture after the NVB is relieved or repaired. 

Type I: nondisplaced fracture
Type II: displaced fracture with intact posterior cortex; 
Type III: displaced fracture with no cortical contact 

(posteromedial > posterolateral)

1. A transverse incision is made just above the flexion crease of the 
elbow. Significant bruising often is seen where the incision is going. 
The incision can be extended distally on the ulnar aspect of the 
transverse incision and proximally on the radial side if needed (see 
Figure 120.8). 
2. The NVB may be very superficial, and may disappear into the 
fracture site.
3. The brachial artery and median nerve are identified.
4. Dissection is proximal to distal.
5. Soft tissues (including periosteum) are removed from the anterior 
fracture site. 
6.The fracture is reduced under direct vision.
7. The fracture is pinned in the usual fashion with 0.062 K-wires.
8. With a fracture, the reduced viability of the arm usually recovers 
whether or not the brachial artery is functioning. The collateral blood 
supply is usually adequate.

Following open reduction of the fracture the fracture can be easily 
reduced with no soft tissue interposition and can often be palpated to 
be anatomic. Thus, an image intensifier may not be required, although 
when present it should be used to assess the adequacy of reduction. 
Percutaneous pinning of the supracondylar fracture is then carried out, 
with two lateral pins usually; if still unstable, a supplementary medial 
pin is used.

Vascular injury
Note that the pulse often returns with a timely closed reduction, and this is 
the first approach to the displaced supracondylar fracture without a pulse. 

Surgical exploration of an injured artery for the purposes of repair is a 
tertiary hospital activity by an experienced surgeon and is not practical in 
many African settings where supracondylar fractures occur. Fortunately, 
many pulseless hands with supracondylar fractures are warm and viable 
with very good capillary refill and do not require explorarion. Howard’s 
review42 of the best (level IV) evidence for this issue from the literature 
concludes that the pulseless, viable hand following supracondylar 
fracture should be treated by observation, with vascular interventions 
only when the pulseless hand appears cold and nonviable. 
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Demographics 
WHO has indicated that polio has reemerged in a number of African 
countries, including Angola, Chad, and the Democratic Republic of the 
Congo, with increases due mostly from a lack of immunisations. The 
agency estimates that 75% of children on the African continent receive 
vaccines, and efforts are being taken to raise the number to 85%.54

As of 2010, in only four countries (Afghanistan, India, Nigeria, and 
Pakistan)54 was polio endemic, compared with 125 countries in 1988.55 
It is important to note that unvaccinated adults traveling to endemic 
countries can contract polio. 
Aetiology/Pathophysiology 
Poliomyelitis is an acute infectious viral disease that initially invades 
the gastrointestinal and respiratory tracts and then spreads haematog-
enously to the central nervous system. The polio virus has a particular 
affinity for the anterior horn cells of the spinal cord, in particular the 
cervical and lumbar enlargements of the cord, and for specific motor 
nuclei of the brain stem.53

Clinical Presentation 
History
The phases of polio
The course of polio is divided into acute, convalescent, and chronic 
phases, with the acute phase, lasting 5 to 10 days, being the period when 
paralysis may occur. The acute phase is considered terminated 48 hours 
following the return of normal temperature in the patient.

Following the acute phase of polio is the convalescent phase, or 
the recovery stage. Here, the acute symptoms and muscle tenderness 
disappear and the paralysed muscles start to recover. This stage can last for 
up to 2 years after the acute onset of polio. During this entire period, there 
is gradual recovery of the muscles, rapidly usually in the first 6 months, 
then more slowly. Motor power plateaus by 12 months in most patients.

The period after 18 to 24 months is called the residual-paralysis stage. 
No recovery of muscle power occurs in this stage, and deformities that 
occur are due to imbalance of muscle power and poor posture. There is 
also disuse atrophy of muscles and shortening of the leg due to interference 
with growth. In severely neglected cases, gross fixed deformities of the 
hip, knee, and foot occur with severe wasting of muscles (Figure 120.9).56 
Impoverished children with extensive paralysis and gross deformities 
literally have to crawl on all fours to move from place to place.

Postoperative Complications 
Postoperative complications include the following:
• Infection: Pintract cellulitis, abscess, septic arthritis (especially if 
there are multiple lateral pins).

• Nerve injury: AIN injury is most common with a posterlateral type 
fracture; radial nerve injury is common with a posteromedial fracture 
displacement; and the ulnar nerve can be injured iatrogenically if a 
medial pin is used.

• Compartment syndrome: Watch for increased swelling, hard com-
partments, pain with passive flexion and extension of fingers, and 
often pain control. Close serial examination of the patient postop-
eratively is required, and a return to the theatre for compartmental 
fasciotomies must always be considered. 

• Growth disturbance: This is rarely the cause of malalignment, which 
is usually due to malreduction.

• Stiffness: Patient may lose 10–20 degrees of terminal extension.

Prognosis and Outcomes 
Farley et al.51 have demonstrated that nonpaediatric orthopaedic physi-
cians who treat SCF infrequently can manage these difficult fractures 
with outcomes and complication profiles similar to paediatric orthopae-
dists. Cubitus varus has an incidence of approximately 5% and is usu-
ally of cosmetic significance, usually with a good functional range of 
motion. The major poor outcome comes with compartment syndrome. 
Prevention 
Every district hospital and any moderately busy surgical centre in 
Africa—or anywhere in the world, for that matter—will see this com-
mon fracture, so local expertise should develop to deal with the most 
challenging aspects of these fractures. The anxiety with open SCF 
management should be reduced with the debunking of the concept that 
opening a paediatric elbow is somehow ill-advised or incompetent. 
Knowledge of the basic anatomical structures, as discussed in this sec-
tion, makes this approach safe. 
Ethical Issues 
Two surgical Africa’s exist: the bush hospital with no or minimal surgi-
cal resources and the slowly developing African district hospital surgi-
cal infrastructure, where an open approach to fractures is now safer, 
almost to the level of developed countries. In the former environment, 
open management is perhaps ill advised, whereas in the latter, basic sur-
gical techniques should allow for safe and efficacious open reduction 
of SCF and the development of local expertise for management of this 
very common fracture, which is prone to a number of complications. 

Poliomyelitis-Related Long Bone               
Angular Deformity

Despite decreasing rates of new cases of polio due to worldwide vac-
cination programmes, residual deformities secondary to polio continue 
to be common in Sub-Saharan Africa, India, and much of the develop-
ing world.52 The literature on the orthopaedic management of polio 
is extensive and cannot be reviewed here other than to discuss some 
general principles. A detailed account of polio and the large number of 
procedures available to manage the musculoskeletal problems associ-
ated with this disease is available in the sizeable literature, in particular 
the classic surgical chapter by Tachdjian.53 The emergence of “postpo-
lio syndrome” (PPS), a condition that develops 20 to 30 years follow-
ing the initial onset of polio, appears to be of increasing importance 
to clinicians and is reviewed briefly in this section. Although PPS has 
been recognized for more than 100 years, it appears important now 
because of the large epidemics of poliomyelitis that occurred in the 
1940s and 1950s.

Source: Adapted from Vidyadhara S, Rao SK, Shetty MS, Gnanadoss JJ. Poliomyelitis. 
e-Medicine, updated 20 November 2008. Accessed 24 February 2010. 

Figure 120.9: Contractures possible in polio after the chronic, residual phase 
with treatment addressing muscles and limbs generally neglected. 
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the disease. Prevention of joint contracture is much easier to treat, and 
less costly in dollars and manpower, than established joint contractures.

The general goals of management of poliomyelitis were established 
by the International Society of Prosthetics and Orthotics consensus 
conference on poliomyelitis at Hammamet, Tunisia, in 1997,58 and 
include:
• overcoming the effects of paralysis;

• correcting deformities;

• restoring joint mobility;

• relieving pain; and

• restoring limb length discrepancy. 
In low-resource settings, management is challenged by the need 

for a comprehensive treatment plan for each patient, with priorities 
focused on:
• addressing ambulation;

• prevention of deformity, especially during growth;

• decreasing the needs for bracing;

• addressing the upper extremity; and

• managing spinal deformity.
In the ideal setting, the orthopaedic physican/surgeon and the 

physiotherapist should be involved early with the polio patient in order 
to prevent many of the residual deformities that result from muscle 
imbalances, which result in the muscle and tendon contractures that 
impair function and produce joint contractures as well as the pain and 
disability associated with these.

Physiotherapy and rehabilitation
Physical therapy prevents or corrects deformity through passive stretch-
ing exercises and by increasing motor strength through active exercis-
ing of muscles that remain active following the chronic phase (after 
18 months postexposure). Perhaps most important, physical therapy 
includes functional training, which enables the patient to learn methods 
to overcome the handicaps of physical disability from polio. 

Orthotics and appliances
The primary objectives of orthotic management according to Tachdjian53 
include:
• supporting walking to increase functional activity;

• protecting a weak muscle from overstretching;

• augmenting weak muscles or substituting for absent muscles;

• preventing deformity and malposition; and

• correcting deformity by stretching contracted muscles.
In general, dynamic splinting is superior to static splinting; however, 

cost constraints preclude the manufacture of dynamic splints in many 
developing countries. 

Surgery
Surgery is indicated when deformities interfere with the activities of 
daily living (ADLs), to stabilise joints that have become unstable due 
to chronic muscle imbalance, and to improve motor function via tendon 
transfer (Figure 120.10). A plethora of operative procedures, including 
fasciotomy, joint capsulotomy, tendon transfers, osteotomy, and bony 
arthrodesis, can be used to address the paralytic deformities of the 
upper or lower extremities seen in polio; however, a detailed account 
of these procedures is beyond the scope of this brief review. Leg length 
discrepancy is common in polio from shortening of the paralyzed leg, 
and many procedures are available to correct this. Patient selection is 
extremely important, requiring some surgical experience, and has been 
well described by Krul.59 

Postpolio Syndrome
Postpolio syndrome has received considerable attention recently with late 
manifestations of poliomyelitis developing in patients 20 to 30 years after 
the occurrence of the acute illness. An estimated 25–60% of the patients 
who had acute polio may experience these late effects of the disease.56

The specific cause or causes of PPS are unknown, with both 
pathophysiologic causes and functional causes. Pathophysiologic 
causes may include chronic poliovirus infection, death of the remaining 
motor neurons with aging, or damage to the remaining motor neurons 
caused by increased demands or secondary insults, and immune-
mediated syndromes. Functional aetiologies for PPS include greater 
energy expenditure as a result of weight gain and muscle weakness 
caused by overuse or disuse. 

Postpolio syndrome is characterised by neurologic, musculoskeletal, 
and general manifestations. Musculoskeletal manifestations include 
muscle pain, joint pain, spinal changes such as spondylosis and 
scoliosis, and secondary root and peripheral nerve compression. 
General manifestations include generalised fatigue and cold intolerance. 
The slowly progressive muscle weakness occurs in those muscle groups 
already involved, such as the quadriceps and calf muscles.

Physical examination
Physical examination of the limbs and joints is key in assessing the 
nature of extremity contractures, in particular the relationship of con-
tractures to neighbouring joints and the spine. Experienced functional 
assessment skills by orthopaedic surgeons, orthopaedic clinical offi-
cers, physiotherapists, and occupational therapists are important to plan 
a comprehensive treatment plan for the polio patient. 
Investigations 
A history with a detailed orthopaedic and neurological clinical exami-
nation is essential to define the clinical problems to be addressed in 
the management of poliomyelitis. Depending on the stage of polio, 
serial examinations of the patient guide the therapeutic regimen. The 
rate and extent of muscle recovery is also appreciated only with serial 
examinations—monthly, if possible. When muscle power in a polio 
patient shows no improvement over a 3-month period, it is unlikely to 
recover any more functionally and serves as an important prognostic 
tool. At this point, appropriate orthotic treatment should be considered 
to improve function. If functional motor improvement is continuing, 
then orthotic/splint management may, in fact, thwart recovery. 

Diagnostic criteria for postpolio syndrome include:
• A prior episode of paralytic poliomyelitis with residual motor neuron 
loss (which can be confirmed through a typical patient history, a 
neurologic examination, and, if needed, an electrodiagnostic exami-
nation, which in the African setting is unnecessary or unavailable. 

• A period of neurologic recovery followed by an interval (usually 15 
years or more) of neurologic and functional stability. 

• A gradual or abrupt onset of new weakness or abnormal muscle 
fatigue (decreased endurance), muscle atrophy, or generalised fatigue. 

• Exclusion of medical, orthopaedic, and neurologic conditions that 
may be causing the symptoms mentioned above.

Management 
Treatment 
Treatment in the acute stage is mainly medical, including general sup-
portive treatment for fever and irritation, for the prevention of secondary 
respiratory infection, and for any respiratory paralysis. The paralyzed 
legs are supported by plaster splints or pillows and sandbags to keep 
the hip joints in slight flexion and in neutral rotation. The knee joint is 
held at 5° of flexion, and the foot is supported in a neutral, 90° posi-
tion. Splinting relieves pain and spasm and prevents the development 
of deformities. Physiotherapy is needed to maintain range of motion 
and should be implemented from the very start of the acute phase of 
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Ethical Issues 
“Rehabilitation” surgery in the orthopaedic sense is meant to promote 
improvements in function.20,58,59 Often, this surgery requires a very 
experienced surgeon; the clinical decision to operate is often a more 
difficult task than doing the actual operation itself. Furthermore, reha-
bilitation surgery should be performed only when there is patient access 
to physical therapy and orthotics. Resources are limited, thus limiting 
access to the benefits of this surgery to only a small number of Africans. 

Nutritional Rickets and                                   
Angular Deformities in Orthopaedics

Introduction
Nutritional rickets (NR) constitutes a high burden of morbidity and 
mortality among children in Africa as the precursors of NR (i.e., poor 
socioeconomic status, low birth weight, protein-energy malnutrition, 
and common childhood infections) all continue to be common on the 
African subcontinent.62 Surgeons and orthopaedic officers will likely 
not be providing the medical management of NR but will be referring 
children with significant angular deformities. This brief discussion of 
the orthopaedic management of NR will concentrate on the long bone 
angular deformities seen in the lower extremities.
Demographics 
Nutritional rickets remains a public health problem in many countries, 
despite dramatic declines in the prevalence of the condition in many 
developed countries since the discoveries of vitamin D and the role of 
ultraviolet light in prevention. The disease continues to be problematic 
among infants in many communities, especially among infants who are 
exclusively breast-fed, infants and children of dark-skinned residents 
living in temperate climates, infants and their mothers in the Middle 
East, and infants and children in many developing countries in the trop-
ics and subtropics, such as Nigeria, Ethiopia, Yemen, and Bangladesh. 

Aetiology/Pathophysiology 
Rickets has a long aetiological list; this discussion concentrates on 
NR, although the orthopaedic manifestations and surgical management 
may be similar for all aetiologies of ricketseal MSK disease. Rickets is 
caused by decreased levels of calcium or phosphate, leading to abnor-
mal mineralisation of the skeleton. It occurs in growing children, and 
both the cartilage of the physes and the bones are involved.

Vitamin D deficiency is a major cause of rickets among young 
infants in many countries, because breast milk is low in vitamin D 
and its metabolites and social and religious customs and/or climatic 
conditions often prevent adequate ultraviolet light exposure. In sunny 
countries, such as Nigeria, South Africa, and Bangladesh, such factors 
may not apply. 

Akpede et al.63 showed that deficiency or reduced availability of 
dietary calcium may be of at least equal importance with vitamin D 
deficiency in the aetiology of NR in the Sahel savanna in Nigeria. In some 
parts of Africa, deficiency of calcium, phosphorus, or both in the diet may 
also lead to rickets, especially in societies where corn is predominant in 
the diet. Calcium and vitamin D intakes are also low in infants who are 
fed vegan diets, particularly lactovegans, and monitoring of their vitamin 
D status is essential. Dietary calcium deficiency and vitamin D deficiency 

represent two ends of the spectrum for the pathogenesis of nutritional 

rickets, with a combination of the two in the middle. 

Clinical Presentation 
History
By definition, rickets is observed only in growing children, although 
the effects may be observed later in life if untreated. No sexual pre-
dilection is noted. Agarwal et al.64 showed that delayed walking in New 
Delhi children may be the initial manifestation of NR in children, and 
that the majority of ricketic nonwalkers will start to walk within 2 to 5 
months of appropriate treatment. 

Figure 120.10: Large improvements in quality of life and productivity are seen 
following the management of postpolio paralysis. Resource-intensive care requires 
physiotherapy, appliances such as braces and walking aids, and also surgery; in 
this case, to relieve hip and knee contractures and lengthen tight heel-cords. 

Postoperative Complications 
The outstanding chapters in Tachdjian’s Pediatric Orthopedics53 
describing surgery for all of the deformities related to polio and similar 
flaccid paralytic diseases include discussion of postoperative complica-
tions. Speigel58 has also referenced many of the classic surgical articles 
for the management of polio.
Prognosis and Outcomes 
Two primary factors are important when considering the prognosis of 
polio with ideal clinical management in place:
1. The severity of the initial paralysis: If total muscle paralysis persists 
beyond the second month, then severe motor cell destruction is likely; 
this is in contrast to partial paralysis, for which the prognosis is better.
2. The diffuseness of the regional distribution of paralysis: A weak 
muscle surrounded by paralyzed muscles is less likely to recover than 
if it were next to strong muscles.

Perhaps a larger factor in prognosis is scarcity of timely physical 
therapy resources to address contractures and provide range of motion 
for the patient. For this reason, Speigel58 has stated that when resources 
are scarce, younger patients and those with lesser degrees of deformity 
should be prioritized.
Prevention 
In recent years, some attention has focused on vaccine-associated 
paralytic poliomyelitis (VAPP), in which cases of poliomyelitis are 
caused by the oral vaccine. The risk of polio contraction from vaccine is 
extremely low, however, perhaps 1 case in 2.5 million doses, with those 
at risk including immunocompromised hosts and infants receiving their 
first dose. WHO has recommended that, to prevent this rare complica-
tion, children be inoculated first with inactivated vaccine, followed by 
oral attenuated vaccine.60,61 The surgeon can act as community advocate 
in support of the widespread use of approved national vaccination pro-
grammes (Figure 120.11).

Source: Courtesy of UNICEF, with permission.

Figure 120.11: Poster promoting polio vaccine in Sierra Leone. 
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Physical examination
Children affected with rickets present with short stature, often under 
the third percentile, as well as muscle weakness and frontal bossing of 
the skull with enlargement of suture lines. In more severe instances in 
children older than 2 years, vertebral softening can lead to kyphoscolio-
sis, the kyphotic segment known as the rachitic “catback” deformity. 
However, the physical ailment most disabling and that is most amen-
able to surgical intervention is the angular deformity of the lower 
extremity, either valgus or varus. 

Weight bearing produces the angular deformities usually bowlegs 
(varus) and knock-knees (valgus). Oginni et al.65 showed that children 
in Nigeria between the ages of 2 and 5 years with large angular 
deformities in their knees likely had rickets. They further showed that 
young children with NR generally had varus deformities at the knees. 
Children a bit older showed a more bimodal deformity presentation, 
either varus or valgus. Older children with NR were more likely to 
display valgus deformities (Figure 120.12).

Source: Courtesy of Dr. Norgrove Penny, Senior Advisor for Physical Impairments, CBM 
International; Uganda Sustainable Clubfoot Care Project. 

Figure 120.12: Two children with severe valgus (knock-kneed) deformities 
secondary to NR. Had they been younger walking children when their NR 
developed they would have more than likely had bowed, or varus, deformities. 
Correction of valgus deformities puts the peroneal nerves at risk and they 
must be mobilised surgically at the time of surgical correction to prevent 
postoperative drop-foot deformities. 

Source: Courtesy of Dr. Norgrove Penny, Senior Advisor for Physical Impairments, CBM 
International; Uganda Sustainable Clubfoot Care Project.

Figure 120.13:. A case of angular deformity from nutritional rickets in a young 
boy. A uniplanar external fixator, of a kind not readily available in Africa, was 
used to completely correct this child’s gross angular deformity to a normal slight 
genu valgum. 

	  

In the chest, knobby deformities result in the rachitic rosary along 
the costochondral junctions. The weakened ribs pulled by muscles also 
produce flaring over the diaphragm, which is known as the Harrison 
groove. The sternum may be pulled into a pigeon-breast deformity. 
Investigations 
The biochemical diagnosis of NR is often the role of the paediatrician 
or medical consultant, and will not be discussed here. The treating 
surgeon will use x-rays largely to manage children with the MSK 
manifestations of NR. Radiographic findings of NR include widening 
of the metaphyses and the appearance of flaring or cupping at the physis 
(growth plate at the end of the long bone), in particular, those near the 
knee and the distal radius. 
Management 
Knowledge of the use of a variety of external fixation devices, from 
the circular frames developed by Ilizarov66 in Russia to the uni- and 
multi-planar frames, is key for the surgeon managing the deformities of 
NR. Not all deformities require an external fixator, and the benefits of 
an acute correction via angular osteotomy include a one-time surgical 
procedure with the reduced risks of infection and other complications. 
Slow correction by external fixation, usually for more severe and 
complex deformities, requires considerable training and resources. A 
“one-time” osteotomy to correct a modest angular deformity may be 

appropriate in the district, “up-country” hospital, where ordinary ortho-
paedic hardware, such as plates or K-wires, can be used. However, the 
more severe and complex angular deformity, more suited for an exter-
nal fixator, is more appropriate in the specialty hospital setting (Figure 
120.13) due to the need for the complex frames.20

Considerable surgical experience is needed for the large, complex, 
sometimes three-dimensional (3D) deformities seen. Fortunately, most 
deformities from NR appear to be uniplanar, either valgus or varus, 
unlike the 3D deformities seen with posttraumatic malunions. Selection 
of internal versus external fixation is only one problem that must be 
solved in limb angular-deformity surgery. Another is the decision as to 
where exactly the “centre of rotational deformity” (CORA) lies in the 
long bone because this determines where the boney osteotomy will be 
performed.67 Considerable preoperative planning is required here, and 
a detailed discussion of the appropriate use and intricacies of angular 
deformity surgery is beyond the scope of this chapter. 
Postoperative Complications 
The list of complications from surgery for angular deformity is lengthy 
and is beyond the scope of this chapter. With respect to complications 
affecting the efficacy of surgical management, the benefits of experi-
ence and preoperative planning cannot be underestimated.
Prognosis and Outcomes 
There is a paucity of survey data on the types of paediatric orthopaedic 
conditions that require surgery and the factors influencing their out-
come in most parts of sub-Saharan Africa. Akinyoola and colleagues68 
showed that the most common indications for surgery in Nigeria were 
angular knee deformities (from Blount’s disease and rickets) and club-
foot. Wound infection was the most common postoperative complica-
tion (8.2%). The patient’s age, length of preoperative hospital stay, 
length of operation, and intraoperative blood loss above 200 ml were 
statistically significant factors adversely affecting the surgical wound 
outcome. Most of these factors for poor outcome were patient- and 
environment-related and were considered preventable. 
Prevention 
The only systematic review of NR in Africa was carried out in Ethiopia in 
2005,62 and much work is needed to address nutritional, genetic, and clin-
ical management issues with NR. Prevention of surgical issues of NR is 
best approached through primary care nutritional and poverty alleviation.

Thacher et al.69 showed Nigerian children with rickets have a low 
intake of calcium and have a better response to treatment with calcium 
alone or in combination with vitamin D than to treatment with vitamin 
D alone. Since Nigerian children with rickets had low calcium intake, 
treatment should focus on dietary supplementation with calcium or a 
combination of calcium and vitamin D.
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Ethical Issues 
African mothers’ awareness about rickets is still very low and is a major 
reason for late presentation or complete failure to seek treatment for 
rickettsial deformity. Lack of funds, poor compliance with treatment, 
prolonged treatment periods, and lack of information on where to seek 
treatment were among the important factors affecting completeness of 
treatment of knee deformity due to rickets in Nigeria.70 Increased and sus-
tained public health programmes are necessary for prevention, and it has 
been argued that health policy should incorporate free surgical fees for 
children with established rickettsial knee deformity to encourage com-
munity participation in the management of this preventable condition. 

Evidence-Based Research
Table 120.2 presents results of a Rwandan national survey on the 
orthopaedic needs of children. Table 120.3 presents a USCCP training 
program for congenital clubfoot in Uganda. Table 120.4 presents a 
systematic review of treatment of open fractures of the tibia in children.

Title The orthopaedic needs of children in Rwanda: results from 
a national survey and orthopaedic service Implications

Authors Atijosan O, Simms V, Kuper H, Rischewski D, Lavy C 

Institution Ministry of Health, Rwanda; Nuffield Orthopaedic Center, 
Oxford, UK; London School of Hygiene and Tropical 
Medicine, London, UK

Reference J Pediatr Ortho 2009; 29:948–951

Problem Lack of objective, population-based data on the magnitude 
of orthopaedic problems in Rwandan children and the types 
of services required, such as surgical services.

Intervention A national survey of musculoskeletal impairment prevalence 
using cluster sampling techniques and an urban/rural 
demographic split matching national population distribution 
data.

Comparison/
control 
(quality of 
evidence)

The data are of high quality because this is a population-
based survey. The weakness of the study is that some 
estimates are extrapolations. The survey also did not 
measure acute trauma, which any planning scheme would 
have to include.

Outcome/ 
effect

Establishment of benchmark data. 

Historical 
significance/ 
comments

This study is possibly the first national-level, population-
based study in sub-Saharan Africa to attempt to quantify 
the “global” burden of disease in children’s orthopaedics for 
the purposes of treatment planning and provision. From a 
public health approach, disease surveillance is essential to 
determining burden levels for resource allocation planning. 
Very few benchmark studies exist for surgical problems in 
orthopaedics in developing countries.

Table 120.2: Evidence-based research

Title Towards effective Ponseti clubfoot care: the Uganda 
Sustainable Clubfoot Care Project (USCCP)

Authors Pirani S, Naddumba E, Mathias R, Konde-Lule J, Penny JN, 
Beyeza T, Mbonye B, Amone J, Franceschi F

Institution Uganda Ministry of Health; University of British Columbia, 
Vancouver, Canada.

Reference Clin Orthop Relat Res 2009; 467:1154–1163

Problem Congenital clubfoot, one of the most common congenital 
musculoskeletal deformities worldwide.

Intervention Ponseti technique of clubfoot care; not suitable for 
neglected cases of clubfoot.

Comparison/
control 
(quality of 
evidence)

Level IV, therapeutic study.

Outcome/ 
effect

USCCP has trained 798 healthcare professionals to treat 
foot deformities at birth. Ponseti clubfoot care is now 
available in 21 hospitals in Uganda.

Historical 
significance/ 
comments

Landmark programme to address the congenital deformity 
causing the most physical disability in the world. Ongoing 
assessment of USCCP-treated clubfoot cohort with a high 
level of evidence demonstrated that this programme can be 
applied almost anywhere in the developing world. 

Table 120.3: Evidence-based research

Title Open fractures of the tibia in the pediatric population: a 
systematic review

Authors Baldwin KD, Babatunde OM, Huffman GR, Hosalkar HS 

Institution University of Pennsylvania, Children’s Hospital of 
Philadelphia, Philadelphia, Pennsylvania, USA

Reference J Child Orthop 2009; 3:199–208

Problem How the treatment for open fractures in children has evolved 
over the past three decades, based on Gustilo type.

Intervention Comparison of infection rates between different types of 
open fractures.

Comparison/
control 
(quality of 
evidence)

Systematic review of paediatric studies only with 14 studies 
with linear regression analysis insures level IV evidence.

Outcome/ 
effect

No significant difference in odds of infection between type 
I and type II fractures; type III fractures have 3.5-fold and 
2.3-fold greater odds of infection than type I and type II 
fractures, respectively.

Historical 
significance/ 
comments

A strong relationship exists between Gustillo subtypes and 
odds of infection; union rates are delayed with increasing 
severity of injury.

Table 120.4: Evidence-based research
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Key Summary Points

1. The Ponseti method of idiopathic clubfoot treatment can 
effectively treat clubfoot (CF) identified at birth with perhaps 
>90% effectiveness with only a small, percutaneous tenotomy 
required under local anaesthetic. This has changed the 
approach to CF worldwide and benefits low- and middle-income 
countries by relatively low-cost intervention.

2. African studies have shown that effective Ponseti treatment can 
be done with nonspecialist physicians and nonphysician health 
care workers.

3. Neglected clubfoot in older children will likely require surgery 
in experienced hands; however, some work suggests Posenti 
techniques may be used in neglected cases. 

4. Percutaneous tenotomy is required in 80% of cases, and this 
outpatient procedure done under local anaesthetic can take 
some experience to master.

5. An important factor in effecting Ponseti treatment is bringing 
patients from rural settings to the district centres offering 
treatment. Community-based, public health approaches are 
needed.

1. Haematogenous osteomyelitis is probably the biggest cause 
of osteomyelitis in children in Africa; however, open fractures 
are another major cause, and open fractures are amenable to 
prevention by timely surgical techniques. 

2. Surgeons can practise secondary prevention by immediate 
surgical debridement of open fractures.

3. Type I and II open fractures need urgent care and can be 
done with simple tools, such as local anaesthetic and simple, 
available, but copious solutions. Low-energy type I fractures can 
wait for surgery until the next morning, but should not be left until 
the following evening (i.e., should be treated within 24 hours).

4. Open fractures should not be treated without opening the 
wound. This is true even for what appears to be merely a 
puncture wound over the fracture site, since the cavity deep 
to the wound is often much larger than anticipated and can 
contain a haematoma that can become contaminated and the 
focus of a fulminant infection.

5. Type III open fractures require immediate surgical attention 
and antibiotics and, ideally, transfer to an experienced surgical 
facility where a secondary debridement should be planned 
almost routinely prior to or simultaneous to the definitive 
management of the fracture. 

6. Work done in Africa shows that the disability from open 
fractures can be reduced almost to the level seen in developed 
countries when proper treatment is done.

1. Open procedures on the paediatric elbow do not cause 
excessive stiffness or heterotopic ossification.

2. Open reduction of a paediatric supracondylar fracture (SCF) is 
safer than multiple attempts at reduction of a grossly displaced 
fracture and acceptance of a poor reduction.

3. An excellent approach to the typical type III extension SCF is 
a transverse anterior approach just above the flexor crease 
because once through the skin, much of the dissection has 
been done by the fracture and bone is easily seen, as are at-risk 
neurovascular structures.

4. Open reduction allows for anatomic reduction of fracture 
fragments by palpation, and appreciation of placement of 
K-wires, even without x-ray control or fluoroscopy.

5. A warm, pulseless, but viable hand associated with a type III 
SCF can be observed; a cold, pulseless hand needs immediate 
attempt at closed reduction to resume circulation and, if 
unsuccessful, then immediate open reduction.

1. The emergence of postpolio syndrome, a condition that develops 
20 to 30 years following the initial onset of polio, appears to be of 
increasing importance to orthopaedic surgeons.

2. Unvaccinated adults traveling to polio-endemic countries can 
contract polio.

3. Delay of referral of polio patients to the orthopaedic officer, 
physiotherapist, or surgeon is a major cause of severe joint 
contractures and the resulting severe functional impairment.

4. To be effective in polio patients, surgery requires dedicated pre- 
and postoperative physio- and occupational therapy.

5. Surgeons can also play important roles in their communities in 
advocating for preventative interventions, such as surveillance 
and immunisation programmes.

1. Nutritional rickets (NR) continues to be a significant problem 
in the developing world, although prevention interventions are 
effective.

2. Long bone angular deformity of the lower extremity is the primary 
problem dealt with by the orthopaedic officer or surgeon.

3. Surgeons and orthopaedic officers can play leading roles in their 
communities in advocating for prevention interventions for NR.
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Secondary Prevention of Osteomyelitis

Supracondylar Elbow Fracture
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CHAPTER 121

Plastic and Reconstructive Surgery
Peter Nthumba

Introduction
In most parts of the African continent, plastic and reconstructive 
surgery remains among the least developed surgical specialties, with 
training opportunities available only abroad. As a result, this specialty 
still depends largely on the abilities of nongovernmental organisations 
(NGOs), philanthropic individuals, and organised surgical safaris/
camps to meet the reconstructive needs of the majority of the populace. 
Because of the overwhelming needs for this service, general surgeons 
and the few paediatric surgeons provide this care. It is therefore essen-
tial that the surgeon managing paediatric reconstructive surgical prob-
lems be well informed on the spectrum of presenting pathologies, as 
well as the available options and resources for their treatment. 

This chapter highlights the most common reconstructive topics 
peculiar to Africa. It is not intended to be a comprehensive text, and the 
reader is referred to appropriate texts, including those mentioned at the 
end of this chapter. Illiteracy, superstition, poverty, and armed conflicts 
continue to hamper the evolution of health care for all in Africa into 
the 21st century. In addition, children with disabilities or deformities 
are still hidden away from school and society. Most public transport, 
health, and education systems remain disability-unfriendly. Surgeons 
can become agents of change; by providing quality surgical care and 
educating the relatives and community, children with disabilities or 
deformities can become socially acceptable. Educational opportunities 
will give them the vehicles to self-actualisation. 

A good understanding of embryology and anatomy are indispensable 
for the management of paediatric plastic and reconstructive surgical 
problems. Embryology is important because congenital aberrations and 
malformations form the majority of these problems; surgical restoration 
of form depends on a good knowledge of normal anatomy. As a caution 
to the surgeon, the patient and relatives of the patient, an appreciation of 
the limitations of current surgical techniques in achieving desired results 
is essential. Patients and their relatives must be involved in the decision-
making process and informed on available options. Realistic goal-setting 
is a crucial part of reconstructive surgery. The physician must also gently 
inform the patient and relatives of the need for long-term follow-up and/
or therapy. The surgeon seeks to restore form, function, and cosmesis, but 
this is not always possible, and part of the process of goal-setting must 
include agreeing on which of these aspects are the most feasible and most 
important to achieve. Staged procedures and their results should also be 
carefully relayed to the patients and relatives. 

Whenever a congenital malformation is presented to the clinician, 
the history taken must include, amongst others: 
• prenatal and postnatal history;

• maternal and paternal age;

• family medical history;

• consanguinity;

• previous maternal abortions; and

• teratogens.

A search must be made for other malformations in the child. Failure 
to diagnose a cardiac anomaly preoperatively may result in the death of 
a child from a non–life-saving procedure. 

Skin Grafts
In many instances in surgical practice, relatively superficial or simple 
wounds cannot be closed primarily; skin grafts are a good choice for 
wound closure in such circumstances. Skin grafts may be split- or full-
thickness (Table 121.1), depending on the amount of dermis included. 
Split-thickness grafts consist of the epidermis and varying amounts of 
dermis, whereas full-thickness grafts carry the entire dermis as well. 
Skin grafts carry with them adnexal structures.

Parameters Split-thickness graft Full-thickness graft

Adnexal structures Contains sweat glands, 
sebaceous glands

Contains sweat glands, 
sebaceous glands

Donor site Donor sites heal 
primarily from skin 
adnexal structures

Requires closure or a 
split-thickness skin graft 
for closure

Available donor sites Large amounts can be 
harvested

Limited donor sites. Size 
limited because of donor 
defect.

Graft “take” Takes readily Take is more precarious

Cosmesis of graft/color 
match

Poor Fair to good 

Primary contracture Minimal Significant 

Secondary contracture Significant (up to 40%) Minimal

Table 121.1: Features of split-thickness versus full-thickness grafts.

Primary contraction is the recoil of skin grafts immediately after 
harvest. It depends on the amount of elastin present in the dermis—the 
thicker the dermal layer, the greater the degree of contraction. This is 
not of clinical significance. Secondary contracture, in contrast, involves 
myofibroblastic activity. The thinner the graft, the greater the resulting 
secondary contracture. 

The donor site must be well prepared to receive the skin graft for a 
successful “take”. Skin grafts will not take on infected beds, exposed 
bone (without periosteum), cartilage (without perichondrium), or 
tendon (without paratenon). The only exception to this general rule is 
the facial skeleton. Skin grafts take well on temporal and orbital bones 
even without periosteum. 

Meshing skin grafts increases the size of the available graft, but 
results in a poor cosmetic (“pebbled”) appearance. The skin grafts must 
be well applied to the recipient bed. A moist environment enhances graft 
take, and thus wet bolster dressings should be applied to maintain close 
apposition, as well as to maintain a moist environment. Haematomas 
and seromas compromise skin grafts if not well immobilised. 

If the recipient bed is bleeding excessively, the harvested skin 
may be stored in saline and applied the next day in the ward. This is 
an especially useful manoeuvre when operating time is limited. Skin 
stored in saline in a refrigerator is viable for up to one week.
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Flaps
Unlike skin grafts, flaps have their own blood supply. For more com-
plex, unstable, or deep wounds, skin grafts are inadequate. More tissue 
is required to fill these defects, and thus flaps are used. The flaps used 
may be pedicled or free, random or axial. Depending on the needs of 
the recipient, the defect, and available tissue, flaps may be cutaneous, 
myocutaneous, or even osteomyocutaneous. 

Vacuum-Assisted Closure
Negative-pressure therapy, also called vacuum-assisted closure (VAC), 
was begun as a method of treatment of chronic wounds that were 
resistant to standard treatment modalities. Subsequent studies indicated 
that VAC therapy was a useful adjunct in the treatment of patients with 
lower-extremity injuries with exposed bone, tendon, and orthopaedic 
hardware. To date, negative-pressure therapy has been used for the 
management of all types of complex wounds and related conditions, 
including gastrointestinal fistulas, dehisced sternotomy, and abdominal 
wounds. Standard VAC therapy is expensive. VAC involves a piece of 
foam with an open-cell structure inserted into the wound, a drain placed 
on the foam, and the entire construct covered by a transparent adhesive 
plastic sheet secured to healthy wound margins. The drain is connected 
to a vacuum machine with a disposable reservoir. 

The mechanism of action remains controversial, with many 
mechanisms proposed, including the acceleration of wound debridement, 
maintenance of a moist wound environment, and removal of oedema 
fluid. The VAC further improves wound perfusion, stimulates formation 
of healthy granulation tissue, and decreases bacterial colonisation. 

The use of negative-pressure therapy significantly reduces the 
number of wound dressing changes as well as the associated pain.

Negative-pressure therapy is contraindicated in malignant wounds, 
grossly infected or necrotic wounds, and in wounds with inadequate 
haemostasis. 

Because of the expense involved in procuring VAC kits, many 
hospitals in the developing world have developed novel negative-pressure 
therapy systems. Successful use of wall suction or suction machines (that 
must be turned on and off to simulate interrupted negative-pressure) 
therapy with gauzes packed into the wound and clean food-wrapping 
plastic available in the local supermarkets have been reported. 

Tissue Expanders
Tissue expanders increase the surface area of local tissue, facilitating 
performance of reconstructive procedures and closure of defects that 
would otherwise require complicated procedures. Progressive inflation 
increases the overlying tissue and avoids the need for transfer of distant 
tissue, maximising aesthetic results.

Tissue expansion requires at least three stages: (1) the initial 
insertion; (2) an intermediate period of inflation to a predetermined 
size over a period of weeks; and (3) a final procedure, during which 
the prosthesis is removed, the flap is developed, and it is used to cover 
the defect. Leaving the injection port outside the skin avoids the pain 
of repeated injections through skin in subsequent visits. The amount 
instilled at each visit is determined by the amount that either blanches 
the skin or causes pain, whichever comes first. 

Deformities resulting from burns, trauma, and irradiation, as well 
as congenital defects such as Poland’s syndrome, are all amenable to 
coverage by use of tissue expansion. Myocutaneous flaps and full-
thickness donor sites may all be pre-expanded to provide more tissue, 
both for the recipient site, as well as to facilitate primary donor closure, 
especially with free flaps. The resulting cosmesis is significantly 
enhanced. Unfortunately, tissue expanders are relatively expensive and 
have not yet found widespread use across Africa.

Several comments can be made regarding complications involved 
with tissue expansion.
• Infection may result, either from contamination of the prosthesis at 

the time of surgery, or later from exposure of the implant. 

• Expander exposure is usually due to technical problems related 
to poor prosthesis placement or aggressive expansion. Remove 
the expander if exposure or infection occurs early in the course of 
expansion. If either occurs much later, the procedure is completed 
as planned. 

• Discomfort and pain associated with expansion are usually transient 
and can be managed by using analgesics. 

• The lower extremity, back, buttock, and neck are highly prone to 
complications.

• Skull deformation is temporary and resolves with time after the 
expander is removed. 

• Implant deflation may occur if the prosthesis accidentally gets dis-
connected from the filling port. 

• Seromas and haematomas are common, and are best prevented by 
the use of a closed/suction drain at the time of prosthesis insertion. 

Vascular Lesions
Vascular lesions may be divided into haemangiomas and vascular 
malformations. Management of congenital vascular lesions remains 
a major challenge because their therapy carries a substantial risk of 
recurrence, morbidity, and—depending on location and size—even 
mortality. The wide spectrum of presentation extends from innocuous 
birthmarks to life-threatening conditions, such as the aggressive kaposi-
form haemangioendothelioma and tufted angioma (both associated with 
the Kasabach-Merritt phenomenon). Surgical extirpation is associated 
with significant bleeding, requiring massive transfusion. The lesions 
are therefore managed only in centres that are equipped to handle the 
expected difficulties and complications. Table 121.2 presents the most 
common sites and clinical evolution of vascular lesions.

Lesion Most common sites Clinical evolution

Haemangioma Skin and viscera Initial proliferation followed 
by involution. Size, location, 
and shunting are main 
concerns.

Kaposiform 
haemangioendothelioma

Skin and other 
tissues

Associated with Kasabach-
Merritt phenomenon.

Tufted angioma Skin Slow growth. May 
present with tenderness 
or Kasabach-Merritt 
phenomenon.

Angiosarcoma Skin and liver; 
pulmonary 
metastases possible

Degeneration of hepatic 
haemangioendothelioma or 
vascular malformation into 
angiosarcoma.

Congenital 
haemangioma

Skin Spontaneous regression 
may occur; rarely, mild 
thrombocytopenia.

Eccrine angiomatous 
hamartoma

Skin (limbs) Benign but painful.

Pyogenic granuloma Oral, nasal cavities Associated with trauma. 
Recurrence can occur in up 
to 15% upon excision.

Table 121.2: Vascular lesions.

Haemangiomas
Haemangiomas are the most common tumours of infancy and child-
hood, affecting approximately 12%, 1.4%, and 0.8% of Caucasian, 
African, and Asian infants, respectively, by the age of 1 year. The 
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diagnosis is made from the patient’s history and physical examination 
findings. There is a slight female predominance, and 60% of the lesions 
occur in the head and neck region. 

Mulliken and Glowacki developed a biological classification of 
congenital vascular lesions based on the degree of cellular turnover, 
histology, clinical findings and natural history. They described two 
major groups: infantile haemangiomas and vascular malformations. 
The natural course of haemangiomas is defined by two distinct clinical 
stages: proliferation and involution. Except for the occasional precursor 
lesion, haemangiomas are not evident at birth. Proliferation occurs 
during the first 12 months of life, whereas involution begins at 1 year, 
peaks at 2 years, and gradually diminishes thereafter. Proliferation 
involves an increase in the size of the lesion. In contrast, involution 
occurs by cellular apoptosis, clinically characterised by a gradual 
decrease in size. 

The behaviors of congenital haemangioma and noninvoluting 
haemangioma differ from that of classic haemangioma.

Significant complications may occur in up to 20% of patients with 
haemangiomas, including: 
• ulceration (the most common complication);

• compression of vital structures, depending on location;

• high-output cardiac failure;

• bleeding; and

• Kasabach-Merritt syndrome.

Investigations
A full haemogram, chest radiograph with ultrasound (US) scan, com-
puted tomography (CT) scan or magnetic resonance imaging (MRI) 
may be requested, as indicated and based on availability.

Management depends on the location of the lesion, its clinical 
effects, and the age of the child. Conservative management, consisting 
of observation, serial photographs, and regular review with reassurance, 
is the preferred mode of management. 

Complicated haemangiomas may require any combination of the 
following:
• compression therapy;

• intralesional steroids (some response in 50–90% of cases); 

• interferon α-2a; 

• chemotherapy;

• intralesional sclerosing agents (hypertonic saline, glucose);

• cryotherapy;

• arterial embolisation;

• radiation therapy; and

• surgical intervention. 
Surgical intervention is indicated in cases of rapid growth, ulceration, 

haemorrhage, or deterioration of haemodynamic status (as in high-
output cardiac failure or in secondary ischaemic complications caused 
by high-flow arteriovenous shunting). The mass effect of a lesion due 
to its proximity to vital organs (e.g., orbit), or compression on the 
trachea or auditory canal are other indications for surgical intervention. 
A cosmetically severe deformity and intervention designed to improve 
quality of life (as in lesions located in eyelids, vermillion border, nasal 
tip (the so-called “Cyrano de Bergerac” deformity), and the eyebrow) 
would also be considered relative indications. 

Resection is possible only in small lesions. Surgical debulking is 
all that can be performed in larger lesions. In much larger lesions, 
compartmentalisation is necessary. Multiple sutures are placed so as 

to create many segments, which are then subsequently injected with 
sclerosing agents, leading to a process of initial swelling, inflammation, 
and a gradual decrease in the size of the lesion.
Vascular Malformations
Vascular malformations are generally evident at birth and grow at a 
rate commensurate with the growth of the child. Vascular malforma-
tions include:
1. Capillary malformations, which remain present for life and have no 
tendency toward involution. Presentation depends on size and location.
2. Venous malformations, which are usually present at birth but 
may not be clinically apparent. They are bluish, soft, and easily 
compressible, presenting as diffuse and extensive or localised lesions. 
Small cutaneous lesions may be treated with intralesional injection 
with 1% sodium tetradecyl decanoate. 
3. Intracranial arterial malformations, which are more common than 
extracranial lesions, and usually present in the head and neck region. 
They are usually present at birth, but may not be noticeable.
4. Lymphatic malformations, which are the most common congenital 
vascular aberrations. They may be the result of hypoplasia of 
lymphatic trunks and lymph nodes, presenting as lymphoedema, or 
may present as superficial or deep single or multiple cystic lymphatic 
malformations. The latter are divided into macrocystic (formerly cystic 
or cavernous hygromas) and microcystic (formerly lymphangioma 
or lymphangioma circumscriptum) lymphatic malformations. Cystic 
lymphatic malformations are always present at birth, but may not 
become apparent until later in life. Surgical excision is the mainstay of 
management. 
5. Arteriovenous malformations, which are rare and clinically apparent 
at birth. They have a high propensity to bleeding and recurrence. 
Spontaneous rupture accompanied by life-threatening haemorrhage 
may also occur. Depending on size and location, embolisation 
followed by surgical excision is the best form of management.
6. Pyogenic granuloma (lobular capillary haemangioma), which is a 
benign lesion that occurs on skin and mucosal surfaces of the proximal 
aerodigestive tracts, but has also been reported to occur subcutaneously, 
intravenously, in the small bowel, colon, rectum, burn scar, and thigh. It 
may arise at any age, but is more common in childhood.
7. Nasopharyngeal angiofibroma, which is the most common benign 
tumour of the nasopharynx, and may present with recurrent epistaxis, 
nasal congestion, hearing loss, or even cranial nerve palsies, usually in 
prepubertal and adolescent males. A clinical exam with radiographic 
or CT/MRI scans will confirm the diagnosis. Embolisation followed 
by surgical excision is the standard mode of therapy, although 
radiotherapy and chemotherapy have also been used. 

Other classifications divide vascular lesions into “low flow” 
(capillary, venous, and lymphatic) and “high flow” (arterial and 
arteriovenous) lesions. 

Craniofacial Surgery 
An appreciation of the dynamics of the growing skeleton is essential 
for the surgeon venturing into management of paediatric craniofacial 
pathology. A child is not a small adult; even though a child’s anatomy 
may appear similar to that of an adult, the behavior and response of 
the growing skeleton to trauma, whether accidental or iatrogenic, is 
considerably different. Such trauma may thus result in poor craniofacial 
cosmesis, form, and function, including mastication and deglutition. An 
understanding of the importance of craniofacial anatomy and cosmesis, 
as well as the major role it plays in defining an individual’s identity, is 
central to the success of craniofacial surgery. Where possible, a team 
approach in craniofacial surgery is recommended to obtain optimal 
results. This team may include the following specialists: a paediatri-
cian, the surgeon, a neurosurgeon, a dentist, a speech therapist, and a 
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nurse. Other specialists may be co-opted as needed. In practice, such a 
team is not feasible in most of Africa, and a more realistic approach would 
be to invest as many of the skills in the key members of the team—the 
surgeon and the nurse—as possible. 

Most paediatric craniofacial problems are not merely surgical: they span 
the entire life of the individual, having their maximum impact in childhood 
and early adulthood. Appreciably, therefore, where possible, a team 
approach is required throughout life. Due counselling, with involvement of 
the patient and family in the decision-making process, is essential for the 
patient to gain self-esteem and fit into the various phases of life. 
Definitions 
Definitions of developmental aberrations will help in gaining a better 
understanding and appreciation of the need for a broad team approach 
in handling paediatric craniofacial problems. 
• A malformation is a morphological defect of a part of the body 
consequent to an abnormal developmental process. Generally, mal-
formations initiated late in foetal development are simple, whereas 
those initiated early (e.g., cleft lip, cleft palate, and microcephaly) are 
more complex and severe.

• Deformation is an abnormal form or position of a body part caused 
by nondisruptive mechanical forces. Deformations usually occur 
late in foetal development and may improve spontaneously once the 
deforming force is removed.

• Disruption is a defect of a part of the body resulting from mechanical 
interference with the normal developmental process (e.g., amniotic 
bands leading to amputations). The resulting defect depends on the tim-
ing of the mechanical insult. Disruptions are rare and occur sporadically.

• A sequence malformation is the result of multiple defects occurring 
consequent to a single presumed structural anomaly. An example is 
the Pierre Robin sequence, in which the primary event is thought to 
be a micrognathia resulting in a relative macroglossia, and conse-
quently a failure of the palatal shelves to fuse.

• A syndrome encompasses groups of anomalies that contain multiple 
malformations and/or sequences, such as Treacher-Collins syndrome.

• An association is the nonrandom occurrence of a group of anomalies 
in multiple individuals. The constituent groups of anomalies must not 
be a sequence or syndrome. Examples are the CHARGE (Coloboma, 
Heart defect, Atresia choanae, Retarded growth, Genitourinary anom-
alies, Ear malformations) and VATER (Vertebral defects, imperforate 
Anus, Tracheo-Esophageal Fistula, and Renal) associations.

Airway Problems
Many congenital craniofacial anomalies have associated airway, hear-
ing, and speech problems. Nasal obstruction is a major problem in 
infants younger than 3 months of age because at this stage in life they 
are obligate nose breathers. Affected infants have paradoxical cyanosis: 
cyanosis at rest with resolution upon crying. These babies need oral 
airways. Babies with micrognathia or maxillary hypoplasia should be 
nursed prone and with a nasopharyngeal airway. A tracheostomy may 
be performed as needed. Adenotonsillectomy may increase the size of 
the airway and improve ventilation. 
Speech Problems
Speech disorders present mainly as hypernasality (as in velopharyngeal 
incompetence (VPI) and craniofacial anomalies associated with hearing 
loss); hyponasality (as in nasal obstruction); and hoarseness (as in VPI 
or after endotracheal intubation). These problems improve with speech 
therapy, or require surgery.
Common Presentations

Examples of common presentations include the following syndromes 
and sequences:
• The Treacher-Collins syndrome has an autosomal dominant inheri-

tance, with bilateral abnormalities of first and second branchial 
arches resulting in maxillary, mandibular, and zygomatic hyplasia. 
Affected children have downward-slanting eyes with colobomas of 
the lower eyelid and no eyelashes. Choanal atresia may be present, 
and airway control is therefore potentially difficult. 

• The Pierre Robin sequence is a triad of micrognathia, glossoptosis, 
and cleft palate. Twenty percent of patients are syndromic and 80% 
are not. Airway management is a major concern, and failure of a 
nasopharyngeal airway may necessitate a tracheostomy. 

• Apert and Crouzon syndromes are autosomal dominant and exhibit 
craniosynostosis, hypertelorism, exopthalmos, and maxillary hypo-
plasia. Whereas children with Crouzon syndrome have normal intel-
lect and normal extremities, those with Apert syndrome have com-
plex symmetrical syndactyly of the hands and feet as well as cervical 
vertebral anomalies, and they may be mentally retarded. 

• The Goldenhar syndrome (the oculo-auriculo-vertebral complex) 
is defined by a unilateral craniofacial malformation involving the 
first and second branchial arches. Most cases occur sporadically. 
Clinically, these children have facial asymmetry, unilateral ear defor-
mities, and vertebral malformations. They also have upper eyelid 
colobomas. Facial weakness occurs in 10–20%. 

• The Binder syndrome (maxillofacial dysplasia) is characterised by a 
peculiar arrhinoid facies—affected children have no frontal sinus. They 
also have abnormal nasal bones with nasal mucosal atrophy, an absent 
anterior nasal spine, and maxillary hypoplasia with malocclusion. 

• The CHARGE association involves four or more of the follow-
ing presentations, from which it derives its name: coloboma, heart 
defect, choanal atresia, retarded growth, genitourinary anomalies, 
and ear malformations.

Cleft Lip and Palate
Cleft lip and palate have been described in more than 300 syndromes. 
Intrauterine diagnosis of cleft lips is possible from the second trimester 
of pregnancy. Cleft palates are more difficult to recognise with ultra-
sound. Postnatal diagnosis is clinical. 

Other facial clefts have been described. The Tessier classification is 
the most commonly used system of classification. However, due to the 
rarity of these clefts, they will not be considered here. 

Embryology
The primary palate is anterior to the incisive foramen and develops 
from mesodermal proliferation and fusion of the median nasal and max-
illary processes during the 4th to 7th week of gestation. The secondary 
palate forms posterior to the incisive foramen in the 6th to 9th weeks of 
gestation. Palatal shelves change from a vertical to horizontal position 
and fuse in the midline. The tongue must first move antero-inferiorly 
to permit this fusion. Failure to move leads to palatal clefting, as in the 
Pierre-Robin sequence. A cleft lip may increase the likelihood of a cleft 
palate because the tongue may get trapped.

The secondary palate develops from the lateral maxillary processes 
that fuse in the midline. Thus, cleft lip and palate occur at 4–6 weeks of 
gestation, due to mesenchymal deficiency, whereas isolated cleft palate 
forms later, at 7–12 weeks, from partial or total failure of midline fusion.

Epidemiology
Most reports indicate that combined cleft lip and palate is the most 
common anomaly of this type (50%), followed by isolated cleft palates 
(30%), and isolated cleft lips (20%). Onyango and Noah reviewed 309 
children managed in a single institution in Kenya and reported more 
isolated cleft lips than cleft palates. Accurate data for the African conti-
nent is lacking; however, estimates suggest there may be up to 400,000 
children with clefts in Africa. Diabetic mothers and older paternity may 
be risk factors for the development of orofacial clefting.
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Classification 
Many different classifications are in use. The cleft lip may be unilateral 
or bilateral, complete or incomplete. Cleft lips occur as isolated anoma-
lies or in combination with cleft palates. The cleft palate, likewise, may 
be uni- or bilateral, complete or incomplete. Submucous clefts and bifid 
uvulae are examples of incomplete palatal clefting. 

Pathophysiology
The child with a cleft lip is unable to seal in air or fluid, when talking 
or eating. Malocclusion results from failure of lip seal, as well as due to 
intrinsic deformities of the alveolar process and teeth. In the child with 
a cleft palate, the nasal and oral cavities are in continuity, and air and 
fluid escape through the nose on attempted speech or drinking. 

Associated problems
Children born with cleft lips and/or cleft palates are faced with the fol-
lowing potential problems: abnormal midface development, velopha-
ryngeal incompetence, speech disorders, eustachian tube dysfunction 
with repeated middle ear infections, hearing and feeding difficulties, 
and malocclusion. Malocclusion occurs in almost all of these patients. 
Other significant dental anomalies include supernumerary teeth (20%), 
dystrophic teeth (30%), and missing teeth (50%). These problems 
contribute to poor cosmesis and may lead to a poor self image if not 
properly addressed, resulting in significant psychological difficulties. 

Primary repair of cleft lip
Anatomically, there is lack of continuity of skin, muscle, and mucous 
membrane of the lip with associated nasal deformity. The skin, muscle, 
and mucous membrane should be repaired to restore lip continuity, 
symmetrical length, and function. Bilateral cleft lips are repaired 
simultaneously. In patients with cleft lip and palate, primary nose 
repair should include closure of the nasal floor. The use of presurgical 
orthodontics permits the palate to be moulded into anatomical position 
and may improve facial growth, leading to an easier and tensionless 
surgical repair. 

Lip adhesion is a temporising measure that may improve breast-
feeding as well as palatal anatomy; however, the definitive repair is 
more difficult because of scarring. This surgery is performed at about 
2 weeks of age. 

In primary cleft lip repair, the “rule of tens” is often used:
• 10 weeks of age;

• 10 pounds in weight, implying a healthy baby; and

• haemoglobin of 10 g/dl.
Early repair improves speech but may impair facial growth, leading 

to midfacial retrusion. Surgical repair alone, may improve VPI in 
up to 75% of patients. The rest require speech therapy, with surgical 
intervention being reserved for the few who fail to improve. 

Although many procedures have been described, most surgeons 
use Millard’s rotation-advancement flap technique. Common surgical 
complications include dehiscence, infection, and a prominent scar. 

Primary repair of cleft palate
A palatal obturator may be used in high-risk cleft palate patients, in 
those who defer surgery, and in selected palatal fistulas that have 
repeated recurrences. The prosthesis is changed as the child grows.

Surgical repair is best performed around the age of 10 months, 
before development of intelligible speech. A number of techniques are 
currently in use, with the trend towards less scarring and less tension on 
the palate. Although push-back palatoplasty has been used widely, the 
Bardach or Veau-Wardill two-flap techniques are now popular. Scarring 
of the palate may cause impaired midfacial growth, leading to alveolar 
arch collapse, midface retrusion, and dental malocclusion. If surgery is 
delayed until the age of 18 months, facial growth may be less affected, 
but feeding, speech, and socialisation may suffer significantly.

Secondary procedures
Secondary procedures performed in cleft lip and palate patients, as 
indicated, include:
• Pharyngoplasty for velopharyngeal incompetence. The child may 
however develop stenotic side ports or continue to suffer from VPI. 
Of interest is the fact that some children with no VPI may develop 
incompetence after adenotonsillectomy. 

• Alveolar bone grafting to close the palatal bony defect is delayed 
until the age of 6–12 years. The iliac crest is the most commonly 
used donor site. A palatal obturator may be used in patients with 
persistent fistulas. 

• Midfacial advancement is achieved by using a Le Forte osteotomy. 
Potential complications include maxillary necrosis from vascular 
impairment, infection, and malocclusion.

• Rhinoplasty is used for the flattened nose and short columella, which 
frequently require secondary procedures. 

Craniosynostosis
Craniosynostosis is the premature fusion of one or more cranial sutures, 
resulting in a partial or complete growth arrest of that suture, and lead-
ing to a skull deformity that is defined by the fused suture. Cranial 
growth is restricted perpendicular to the fused suture, leading to a corre-
sponding compensatory growth parallel to this suture. The resultant cra-
nial deformity causes a corresponding facial deformity. Some types of 
deformities are more common in certain populations than in others. In 
North Africans, for example, oxycephaly occurs with a high frequency. 

Classification
Craniosynostosis syndromes (e.g., Crouzon, Apert, Pfeiffer, and 
Carpenter syndromes) are primarily due to genetic anomalies. 
Management of the child with syndromic craniosynostosis should 
include suspicion of hydrocephalus, increased intracranial pressure, 
mental retardation, and visual anomalies.

Table 121.3: Causes of secondary craniosynostosis disorders.

 Table 121.4: Craniosynostoses classification.

Disorder Causes

Haematologic disorders Sickle cell anaemia, thalassaemias

Metabolic disorders Rickets, hyperthyroidism, 
mucopolysaccharidoses

Malformations Microcephaly, shunted hydrocephalus, 
encephalocele

Teratogens Valproic acid, diphenylhydantoin, etc.

Foetal head constraint Uterine abnormalities, multiparous 
pregnancies

Suture involved Comments Deformity

Metopic Rare Trigonocephaly and 
hypertelorism

Saggital Most common form Scaphocephaly

Coronal, unilateral Frontal plagiocephaly

Coronal, bilateral Brachycephaly/turricephaly

Lambdoid, unilateral or 
bilateral

Most posterior 
plagiocephaly due 
to deformational 
plagiocephaly

Posterior plagiocephaly

Multiple sutures Rare Cloverleaf deformity 
(Kleeblattschädel 
deformity)
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Incidence and aetiology
Social, cultural, and environmental factors vary from one country to 
another. These significantly influence the incidence and aetiology of 
craniofacial trauma. As examples, violence is the main cause of paedi-
atric maxillofacial trauma in South Africa and Zimbabwe, and road traf-
fic injuries account for 11% and 50% of paediatric craniofacial trauma 
in Zimbabwe and Libya, respectively. 

Age-related activities in children also influence the incidence and 
aetiology of trauma. Younger (preschool) children usually sustain low-
velocity trauma related to falls around the home, whereas school-age 
children are more likely to sustain high-velocity trauma, usually related 
to sports but also to road traffic injuries. Child abuse occurs in all 
cultures and across all paediatric ages. 

Facial fractures in children occur less frequently than in adults. 
Facial fractures are frequently minimally displaced because of the 
thicker layer of adipose tissue, elastic bones, and flexible/deformable 
sutures. Lack of facial skeleton pneumatisation and the presence of 
tooth buds within the jaws are other contributing factors to a lower 
incidence of displaced fractures. However, as noted above, trauma 
to the growing skeleton may adversely affect long-term cosmesis. 
It is difficult to predict the long-term effects of any trauma because 
growth may serve to improve long-term results, as has been noted 
in occlusal realignment and compensatory condylar growth after 
condylar fractures. 

Acute management
The initial presentation of a paediatric craniofacial injury may be so 
dramatic as to upset management priorities. The ABCs of trauma care 
must be recalled and used at all times; irrespective of the drama, these 
principles help save lives. 

The ABCs of trauma care are: 
A. Airway: Secure the airway and protect the cervical spine. This is 
especially important because craniofacial trauma may be associated 
with C-spine trauma (5–10%). Major facial trauma is also associated 
with the risk of upper airway obstruction. The obtunded patient will 
have no control of the tongue. 
B. Breathing: Ensure adequate ventilation.
C. Circulation: Control bleeding. Life-threatening haemorrhage occurs 
in up to 5% of Le Fort fractures. Fracture reduction and direct pressure 
will generally control bleeding. Anterior and posterior nasal packing 
may be performed by using a urinary catheter passed through the nose 
into the nasopharynx, where it is inflated, then pulled back snugly. 
D. Disability: Conduct a thorough neurological examination (e.g., 
Glasgow Coma Scale) to establish level of consciousness as well as 
any neurological deficits.

Administer tetanus toxoid to all trauma patients. Additionally, 
animal bite victims should be given the antirabies vaccine. 

Cover avulsed tissues or organs (teeth, ears, nose, etc.) with saline-
soaked gauze. Avulsed deciduous teeth may be discarded. Permanent teeth 
should be replaced and held in place for a little while. If a tooth has been 
out for more than 6 hours, it is unlikely to survive and may be discarded. 

CT scans are the gold standard radiographic investigation in 
paediatric craniofacial trauma. Plain radiographs are not as helpful 
as they are in adults, particularly in the midface region, where poorly 
developed sinuses and tooth buds occupy space and obscure skeletal 
anatomic landmarks. The orthopantomogram (OPG) is a good tool in 
looking at mandibular fractures.

Because the plain radiograph may be the only tool available, 
paediatric radiograph atlases provide references for normal anatomy. 
Where radiographic examination is unavailable, clinical examination 
should reveal most of the injuries, with surgical exploration and repair 
as indicated. The index of suspicion is high, with clinical examination 
alone, however, and missed or untreated injuries are likely to result in 
significant morbidity, including poor facial cosmesis. 

Craniosynostosis can be primary or secondary. Primary 
craniosynostosis has no underlying identifiable abnormality, whereas 
secondary craniosynostosis occurs in association with other anomalies 
or identifiable causes (Table 121.3).

An anatomic classification of craniosynostosis by suture involved is 
shown in Table 121.4.

Management 
The surgical procedure of choice for a specific type of craniosynos-
tosis is age-dependent. The younger the patient, the less extensive or 
demanding the procedure. Strip craniectomies are generally performed 
in children younger than 6 months of age. 

The differentiation between lambdoid craniosynostosis and 
deformational plagiocephaly is important, but may be a diagnostic 
difficulty. Deformational plagiocephaly, also called positional head 
deformity, is a benign cranial deformity resulting mainly from 
sleeping and nursing predominantly in one position (supine). There 
is no synostosis. There is a temporal association between increased 
deformational plagiocephaly and the “Back to Sleep” campaign in 
the West that was designed to combat sudden infant death syndrome 
(SIDS). Other causes include in utero compression and congenital 
torticollis. Most deformities are mild and resolve spontaneously, and 
the rest can be managed by the use of a moulding helmet.

Surgical intervention in craniosynostosis aims at correction of the 
craniofacial deformities and control of increased intracranial pressure, 
which is present in up to 30% of patients with two or more fused sutures. 

Complications 
Common complications of surgery for craniosynostosis include:
• Haemorrhage: Children do not tolerate blood loss well because of 
their small volumes, and loss must be replaced volume for volume.

• Cerebrospinal fluid (CSF) leak: Dural tears may occur. These should 
be sought for and repaired. If noted postoperatively, an initial con-
servative management may be attempted, but if this fails, definitive 
surgical repair must be performed.

• Ocular complications: Optic nerve injury or direct eye trauma is 
avoided by careful technique. 

• Infections: These are rare, but potentially life-threatening should 
they occur.

• Death: Mortality should be rare.

Maxillofacial Trauma
In the management of paediatric maxillofacial trauma, tissue handling, 
both soft and especially bony, must be gentle, so as to ensure optimal 
restoration of mastication, deglutition, and cosmesis. The availability 
of resorbable plates and screws for use in craniofacial bone fixation 
has significantly reduced the morbidity associated with the need for 
hardware removal after fracture consolidation; however, the cost is pro-
hibitive. Titanium plates and screws are the standard of care; however, 
wire fixation, although time consuming, is effective and affordable and 
does not require removal. 

The craniofacial skeleton serves three main functions:
1. It offers structural support for muscles and other and soft tissues.
2. It protects important sensory organs.
3. Facial bones collapse from trauma and thus absorb most of the 
energy that would otherwise be transmitted to the brain.

In children younger than 5 years of age, the cranial skeleton is 
much larger than the facial skeleton; hence, there is a lower incidence 
of midfacial and mandibular fractures and a higher incidence of 
cranial injuries in this age group. With increasing age and facial 
growth, the midface and mandible become more prominent, with 
a concomitant increase in the incidence of facial fractures and a 
decrease in cranial injuries. 
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Nasal injuries
Nasal injuries may be associated with trauma to adjacent structures; thus, 
naso-ethmoid fractures may be missed if the apparent “simple” nasal 
injury is ignored. Also, septal perforation may complicate a missed septal 
haematoma that may also interfere with midfacial growth. Nasal fractures 
should be reduced and splinted at the earliest opportunity. 

Mandibular trauma
Most mandibular fractures are simple, undisplaced or minimally 
displaced, and may be managed with maxilla-mandibular fixation. 
Minimal interference with the growing mandible and contained tooth 
buds will lead yield excellent results. The mandible is the final facial 
bone to complete growth, and injury to the condyle may result in 
facial asymmetry and malocclusion from arrested mandibular growth. 
Temporomandibular ankylosis and loss of mouth opening are further 
complications. If there are no other associated facial bone injuries, most 
condylar injuries are probably best managed conservatively, although 
this is controversial. There is currently no evidence that open reduc-
tion, internal fixation (ORIF) improves outcomes. Whatever the man-
agement, early institution of mouth-opening exercises are important to 
prevent temporomandibular joint (TMJ) fibrosis or ankylosis. 

Maxillary trauma
Because sinuses develop between the ages of 6 and 12 years, the frac-
ture patterns in children are different from those in adults. Thus, Le Fort 
fractures increase with increasing aeration of the maxillary and ethmoid 
sinuses. Displaced midfacial injuries, however, should be managed 
with open reduction and internal fixation, irrespective of age. 

Orbital “blow out” fractures
Orbital “blow out” fractures are common in children. Failure to recognise 
and treat these injuries early will result in diplopia, enophthalmos, and 
extraocular muscle entrapment. These complications are difficult to treat. 
A high index of suspicion and early exploration and repair are mandatory 
due to the rapid rate of cicatrisation and consolidation seen in children. 

Soft tissue trauma
As a general rule, soft tissue cuts and lacerations of the face and head 
(scalp) tend to bleed profusely. Because of good vascularity in this 
region, wounds heal well, and surgical wound infections are rare. 
Management consists of the following principles:
1. Wounds may be closed primarily safely, up to 24 hours after trauma.
2. Copious wound irrigation and minimal debridement are all that is 
required. Excessive debridement will lead to large defects that require 
skin grafts or other procedures, resulting in larger scars and inferior 
cosmetic results. 
3. Degloved flaps that are still attached by a skin bridge should be 
preserved and replaced. Subsequent debridement will reveal how much 
of the flap is viable.
4. The suturing technique and material are equally important 
determinants of the scar. Intradermal sutures should be used to reduce 
tension on the skin sutures. Skin is closed by using a subcutaneous 
absorbable suture or with 5.0 monofilament, which must be removed 
on postoperative day 5 to avoid a “railroad” scar. 

Animal bites are a common cause of facial trauma in children. The 
animal may bite off any of the parts of the face (ears, nose, or lips). At 
presentation, the piece of tissue may be missing or still attached. The 
same principles outlined above are used in managing animal bites, and 
if presentation is early, primary closure is attempted. 

Complications 
Problems commonly found in craniofacial trauma include:

• CSF rhinorrhea, which may be managed conservatively with head 
elevation at 30° to 45°. 

• Epistaxis, for which, if anterior packing fails, additional posterior 

nasal packing should be done. Packing should not be left in for more 
than 48 hours because of a significant increase in infections. If pack-
ing needs to be left in for longer, then prophylactic antibiotics are 
used and the packing must be removed within 5 days. 

• Infraorbital nerve damage may occur with Le Fort 3 fractures. 

• Facial nerve paralysis may occur in petrous temporal bone fractures. 

• Subcutaneous emphysema is evidence of fracture of one or more 
sinuses. 

• Anosmia is the result of fracture of the cribriform plate.

• Ocular and visual disturbances occur from orbital fractures.

• Epiphora is evidence of damaged lacrimal ducts.
If surgical principles are followed, complications are very few 

because of the healing capacity of the craniofacial skeleton. Whereas 
nonunion is unlikely, malunion is the result of inadequate reduction. 
Most ocular trauma , brain injury, and death are causally related to the 
initial trauma. 

In Africa, late presentation of patients is a particularly common 
occurrence. Reconstructive surgery must then be offered. This is 
frequently difficult and expensive, and it may require multiple stages. 
Referral to a competent centre may be preferable, as resources required 
at this stage may be unavailable locally.
Noma
Noma, variously known as gangrenous stomatitis or cancrum oris, pri-
marily affects orofacial structures. There is a strong correlation between 
noma and poverty, malnutrition, poor oral hygiene, and infectious dis-
eases (primarily malaria and measles). These conditions are widespread 
in sub-Saharan Africa, particularly within strife-ridden communities. 
It has thus been aptly called “the face of poverty”, and afflicts mainly 
children in developing countries. The World Health Organization 
(WHO) estimates 140,000 new cases of noma each year, mostly from 
sub-Saharan Africa, with a mortality rate of up to 90%. The few reports 
from developed countries involve patients with debilitating diseases, 
including HIV, diabetes mellitus, and haematological disorders. 

Aetiology
Although bacteriological studies are inconclusive on causative organ-
isms, most experts agree that noma is the result of a mixed bacterial 
infection involving aerobic and anaerobic organisms. Fusiform bacilli 
such as Fusiformis fusiformis and Borrelia vincenti are frequent isolates. 
Other isolates include Prevotella melaninogenica, Corynebacterium 
pyogenes, Fusobacterium nucleatum, Bacteroides fragilis, Bacillus 
cereus, Prevotella intermedia, and Fusobacterium necrophorum.

To date, there is no effective mode of treatment, and thus prevention 
plus the treatment of noma sequelae remain the mainstay of care. 
Broader-spectrum antibiotics covering gingival flora, including aerobes 
and anaerobes, are now recommended, but the treatment has to be 
started as soon as possible.

Clinical evolution
Noma presents initially as a painful blister on the gingiva that becomes 
indurated, leading to massive oedema. Subsequent necrosis, ulceration, 
and slough separation leave underlying bone exposed. The slough is 
cone-shaped, with the base being in the oral cavity. This is an important 
consideration at the time of reconstruction because the size of the skin 
defect alone is misleading. The final result is an ugly midfacial defect that 
then scars and contracts with time if the patient does not succumb. Initial 
management in the acute stage consists of fluid resuscitation, nutritional 
rehabilitation, and administration of broad spectrum antibiotics. Any pre-
disposing illnesses and/or infections are managed appropriately. Wound 
care consists of gentle debridement and dressing changes. Physiotherapy 
will help prevent trismus and the resulting TMJ ankylosis. 
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Survivors of the acute stage suffer severe destruction of the 
midface, including lips, cheeks, maxilla and mandible, nose, and 
occasionally the orbit. Progressive scarring, trismus, oral incontinence, 
and mandibulo-maxillary synostosis leave the patient malnourished, 
severely disfigured, and with speech difficulties. The psychosocial 
difficulties experienced by these children and their families should not 
be underestimated. 

Surgical treatment
Reconstruction in noma surgery is a difficult undertaking; collaboration 
with a team versed with noma care is helpful. Modified Montandon’s 
classification is a simple, comprehensive, and practical clinical clas-
sification. It is useful in formulating surgical intervention. The addition 
of a fifth grouping completes this classification:
1. Localised lip, commissure, or cheek defect
2. Upper lip and nose amputation
3. Lower lip and mandible amputation
4. Large defects (e.g., lips, cheek, palate, maxilla, orbital floor) 
5. Bilateral defects (may be any combination of the above)

Free flaps offer the reconstructive surgeon considerable versatility. 
Single-stage reconstruction with appropriate tissue bulk and the 
avoidance of additional facial scars and incisions are important 
advantages. Free flaps, however, are labor- and technology-
dependent, are expensive, and demand considerable technical skills. 
It is encouraging to note that microvascular reconstruction has been 
successfully performed in suboptimal environments, proving that these 
skills and technology can be modified to suit the operating theatre 
conditions found in most developing countries. 

Loco-regional flaps provide excellent color match, minimise the 
number of surgical procedures, and are generally fail-safe, requiring 
simple postoperative care. Thus, although ideal, the use of free flaps for 
noma reconstruction is not essential, and loco-regional flaps can give 
very good results if well chosen. 

It is important that the surgeon and patient realise that even 
though cosmesis may be improved significantly by surgery, functional 
outcomes may be poor at best.
Craniofacial Tumours of Bony Origin
Craniofacial tumours affecting children are too numerous to be dis-
cussed in this chapter, so only the most common bony lesions encoun-
tered in Africa are discussed here. The general subject of tumours is 
covered elsewhere in this book (Chapters 102–109). 

Burkitt lymphoma
Burkitt lymphoma was initially described as “African jaw lymphoma”. 
It affects children, shows rapid growth, and may involve the mandible 
or the maxilla. Burkitt is not a surgical disease—it is a purely medical 
disease, and is effectively treated using chemotherapeautic agents. It 
shows excellent response to prednisolone, with a rapid decrease in 
volume evident within 24 hours of administration. A fine needle aspi-
rate for cytological analysis or a core biopsy is all that is required for 
diagnosis. 

Dentigerous cyst
A dentigerous (follicular) cyst is the most common developmental cyst, 
comprising about 20% of all developmental cysts. On an OPG, it is a 
radioluscent lesion with well-defined, sclerotic margins encircling an 
unerupted tooth. Most of these cysts are asymptomatic, but when they 
are large, they may cause the displacement or resorption of adjacent 
teeth and cause pain. Drainage and marsupialisation or enucleation is 
done for large or symptomatic cysts.

Fibrous dysplasia
With fibrous dysplasia (FD), normal bone is replaced by fibrous con-
nective tissue due to a defect in osteoblast differentiation and matura-

tion. This genetically based sporadic bone disease may affect single or 
multiple bones (monostotic or polyostotic, respectively). Twenty-five 
percent of monostotic FD occurs in the head and neck, and the maxilla 
is more often affected than the mandible. The polyostotic variant forms 
15% of the total, and 50% of polyostotic lesions occur in the head and 
neck region. Cranial polyostotic FD may occur concurrent with café-
au-lait spots and endocrinopathology (hyperthyroidism and precocious 
puberty in females), constituting McCune-Albright’s syndrome. 

FD clinically presents as a painless swelling with jaw asymmetry, 
usually in childhood or early adolescence, during the periods of greatest 
skeletal growth. Presentation depends on the specific site involved: 
hearing loss and facial palsy in temporal bone involvement; facial 
asymmetry and malocclusion with mandibular involvement; or pain, 
paraesthesia, and cranial nerve lesions with skull base involvement. 
Frontal bone involvement results in hypertelorism, with massive cranial 
bony involvement resulting in lionlike facies, known as “leontiasis 
ossea”. 

Cherubism, a variant of FD, is an autosomal-dominant disorder 
of variable penetrance. It is more severe in boys. The involvement of 
maxilla and mandible is symmetric. Some regression may occur after 
adolescence.

Radiologically, FD most commonly has a ground-glass pattern. FD 
lesions generally do not cross the midline and tend to be limited to one 
bone.

Management 
Management of tumours of bony origin may consist of observation, 
conservative surgery involving shaping or contouring the dysplastic 
bone, or radical surgical excision and reconstruction. The choice 
depends on a combination of factors: 
• age of the patient;

• growth rate of the lesion;

• extent and location;

• degree of cosmetic deformity; and 

• level of functional impairment. 
The aim of surgical treatment is to correct or prevent functional 

deficits and restore as near-normal facial cosmesis as possible. If 
possible, surgery should be deferred until skeletal maturity. Successful 
staged excision of extensive lesions, especially in the head and neck 
region, followed by multistaged reconstruction has been reported.

Accelerated growth or aggressive lesions require early surgical 
intervention with en bloc resection and bone graft reconstruction. 
The rate of transformation to malignancy is less than 1%, which has 
also been reported to occur after radiation therapy and is therefore 
contraindicated.

Chondrosarcomas and osteosarcomas are malignant lesions that 
occasionally affect the head and neck region. On the African continent, 
even in the best centres, these lesions generally have a poor prognosis.

Neurofibromatosis
Neurofibromatosis covers a number of distinct disorders that share 
many features but clearly differ from one another. These include neuro-
fibromatosis type 1 (Nf1), neurofibromatosis type 2 (Nf2), and others, 
as recommended in 1987 by the National Institutes of Health (NIH) 
Consensus Conference on Neurofibromatosis. 

Neurofibromas arise from nerve sheath cells and consist of a 
mixture of Schwann cells, fibroblasts, perineurial cells, and mast cells. 
Nf1, formerly known as von Recklinghausen disease, affects about 1 
in 3,000 people. It has autosomal dominant inheritance with complete 
penetrance, variable expression, and a high rate of new mutation. 
The NIH Consensus Conference on Neurofibromatosis diagnostic 
criteria for Nf1 include neurofibromas, café-au-lait macules, skin-fold 
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freckling, skeletal dysplasia, Lisch nodules, optic gliomas, and a first-
degree relative with Nf1. A positive diagnosis is based on two or more 
of these signs. 

Skeletal involvement in patients with Nf1 may include macrocephaly, 
dysplasia of the greater wing of the sphenoid, vertebral dysplasia, 
scoliosis, pseudoarthrosis, and a short stature, amongst others. About 
50% of patients with Nf1 have learning disabilities as well as some 
behavioral problems. There is also a heightened risk of epilepsy 
and headaches. These patients have an increased risk for developing 
malignant tumours, such as malignant peripheral nerve sheath tumours, 
leukemia, and rhabdomyosarcoma. 

Nf1 lesions that appear early in childhood can be disfiguring and 
cause psychological discomfort. Most are not resectable because 
of their diffuse nature. They are difficult to deal with even if only 
an agreeable cosmetic result is all that is desired. Conservative 
management is recommended unless a lesion presents with sudden 
enlargement, functional deficits, pain, or bleeding. In the craniofacial 
region, however, the smallest neurofibroma lesion produces a prominent 
abnormality, whereas the larger ones can result in hideous deformities 
in the child, leading to ostracisation from society. Surgical excision and 
reconstruction should be offered for lesions of the craniofacial region. 
Surgical debulking is associated with significant bleeding. 

Lymphoedema
Lymphoedema is the accumulation of protein-rich interstitial fluid 
within the skin and subcutaneous tissues as a result of lymphatic dys-
function. The accumulated fluid provokes an intense fibrous reaction, 
further reducing lymphatic transport and leading to progressive swell-
ing of the limb. Limb induration, fibrosis, and repeated attacks of cellu-
litis set up a vicious cycle that, untreated, leads to ulceration and chron-
ic nonhealing wounds. Normal unidirectional lymph flow is due to a 
combination of factors: intrinsic lymphatic muscle contractions, muscle 
pump action, presence of valves, and negative intrathoracic pressure. 
The lymphatic system functions to clear proteins and lipids from the 
interstitial space into the vasculature by use of differential pressures. 
Lymph flows into the venous system at the neck. Lymphoedema results 
from a decrease in the number of functioning lymphatics below a criti-
cal level, or from an increased lymphatic load. 

Lymphoedema is confined to the subcutaneous compartment; 
the deep muscle compartments remain uninvolved. The excess 
protein serves as a medium for bacterial multiplication, and the 
resultant infection adds to the lymphatic dysfunction. Recurrent soft 
tissue infection is one of the most troublesome aspects of chronic 
lymphoedema management.
Causes 
Lymphoedema may be divided into primary or secondary, based on cause.

Primary lymphoedema is of unknown aetiology or congenital 
lymphatic dysfunction. Primary lymphatic obstruction may be caused 
by several anatomic abnormalities, including lymphatic hypoplasia and 
functional insufficiency or absence of lymphatic valves. It is further 
subclassified based on the age of onset or lymphangiographic findings 
(Table 121.5).

Age of onset • Birth: lymphoedema congenita (e.g., Milroy’s 
disease)

• Adolescence: lymphoedema praecox 

• Adulthood: lymphoedema tarda

Lymphangiographic findings • Lymphatic aplasia 

• Lymphatic hypoplasia 

• Varicosity of subcutaneous lymphatics

Table 121.5: Subclassification of primary lymphoedem

Secondary lymphoedema is more common and has a known 
precipitating cause. It may result from surgical, infectious, inflammatory, 
neoplastic, or traumatic causes. Filariasis is a common parasitic cause 
of lymphoedema in Africa, usually presenting in adulthood. 
Clinical Presentation
The oedema generally begins distally and progresses proximally over 
months to years. Initially soft and pitting, it becomes nonpitting secondary 
to fibrosis. Peau d’orange changes in the skin (due to fibrosis), the Stemmer 
sign (inability to tent skin over the toes), and the blunted appearance of 
the digits of the involved extremity are the classic signs of lymphoedema. 

Differential diagnoses include: chronic venous stasis, myxoedema, 
and lipoedema. These are distinguished on the basis of history and 
physical examination. 
Management 
It is important to discuss with the patient and guardians the fact that 
lymphoedema has no cure. Conservative management should be initi-
ated immediately when the diagnosis is made. This should focus on the 
avoidance of infection and the application of compression to maintain 
or to reduce limb volume. Elastic compression garments, for example, 
have been shown to lead to a 30–40% reduction of oedema. Improved 
skin care avoids infection and prevents the development of associated 
skin changes. 

Other nonsurgical therapies include treating infection with antibiotics 
and improving protein lymphatic transport by stimulating macrophage 
proteolysis (benzopyrones) and reducing oedema (diuretics), among 
other therapies. Wuchereria bancrofti and Brugia malayi infections 
should be eliminated with diethylcarbamazine, and antihistamine and/or 
anti-inflammatory agents may be used to control the allergic reactions 
to the dying parasite. Lymphangitis must be treated quickly when it 
occurs, and the patient may require lifelong antibiotic prophylaxis to 
prevent further episodes, which may occur in up to 25% of patients. 

Surgical treatment options may be grouped together into:
• re-creation or imitation of lymphatic channels; 

• bridging the lymphoedematous area to normal lymphatic areas; and 

• resecting or debulking of lymphoedematous tissue. 
The procedure may be physiologic, attempting to re-establish lymphatic 

drainage, or excisional—procedures that debulk the limb by removing 
excess skin and subcutaneous tissue. These procedures aim at improving 
the cosmetic appearance, preserving the function of a limb, and preventing 
infection episodes. Whereas the re-creation of lymphatics requires 
microsurgical capability, debulking is a much simpler surgical procedure. 

The Homans’ or modified Sistrunk procedure is easy to perform 
and results in up to a 50% reduction in limb volume. Excision of 
subcutaneous tissue is carried out in two stages over a 2- to 3-month 
period, excising half of the limb circumference at each stage. The 
skin and part of the subcutaneous tissue are preserved. The Charles 
procedure has no durable results and is mentioned here only for 
historical reasons.
Complications
Recurrent lymphangitis and cellulitis, progression of skin changes, 
oedema, fibrosis, and ulceration with chronic nonhealing wounds 
constitute the natural progression of untreated lymphoedema. The limb 
becomes heavy, may be painful, and in extreme cases, the patient may 
be unable to ambulate.

Genital lymphoedema is a significant problem in some patients. The 
management is similar to that of limb lymphoedema. Surgical excision 
is indicated only for cosmetic or functional reasons, such as where 
the lymphoedema interferes with micturition or causes significant 
discomfort with ambulation or dressing. Solitary lesions of any size 
may be excised. 
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Pressure Ulcers
Pressure ulcers involve tissue loss resulting from constant pressure. 
Decubitus ulcers occur in areas with underlying bony prominences— 
sacrum, trochanter, heel—when the subject is lying down. Three to 
4.5% of all hospitalised patients will develop a pressure sore at some 
time during their hospitalisation. Geriatric nursing homes have the 
highest prevalence of pressure ulcers (35–64%). A number of theories 
have been proposed to explain pressure ulcer development. Currently, 
the accepted mechanism involves a direct effect by one or more 
extrinsic, or primary, factors (e.g., pressure, shear, friction), propiti-
ated and modified by a number of intrinsic, or secondary, factors (e.g., 
infection, impaired mobility). Although bacteria do not cause pres-
sure ulcers, they contribute to tissue breakdown and delayed healing. 
Keeping bacterial counts at less than 104 per gram of tissue allows for 
wound healing. 
Aetiology
Patient immobility, resulting in prolonged contact with objects, may 
be due to long bone fractures, paralysis (congenital (e.g., spina bifida), 
trauma, neoplasm, infection, iatrogenic injury, or radiation), and loss 
of consciousness. Interestingly, cerebral palsy patients do not develop 
pressure sores, even when placed in wheelchairs for a long time. 
Classification 
Pressure ulcers are staged and graded depending on the depth of involved 
tissue (Tables 121.6 and 121.7). Whereas ulcer staging helps nursing 
planning to help reverse progression, ulcer grading aids in determining 
the type and volume of tissue required for the reconstruction.

Stage Lesion

I Hyperaemia ≥ 1 hour after pressure relief

II Blister or other break in the dermis with or without 

infection

III Subcutaneous destruction into muscle with or 

without infection

IV Involvement of bone or joint with or without infection

Ulcer grade Tissue involved

I Limited to epidermis and superficial dermis

II Adipose tissue

III Muscle ± infection

IV Bone and/or joint ± infection

Source: National Pressure Sore Advisory Panel Consensus Development Conference, 1989. 

Table 121.6: Pressure ulcer staging.

Table 121.7: Pressure ulcer grading.

Management 
Pressure ulcers add a significant burden in terms of cost of care and 
morbidity of the patient. Uncontrolled wound infection may lead to 
sepsis and death. Thus, prevention remains the most effective means of 
pressure ulcer management. Consequently, basic skin care and pressure 
dispersion by timely position changes must be taught to parents and 
guardians of those at risk. Also important is the use of topical anti-
biotics, such as silver sulfadiazine. Many paraplegic children remain 
ulcer-free until they start going to school. Thus, teachers and peers at 
school need to be taught about pressure ulcer prevention so that they 
can reinforce it at school. 

Once an ulcer has developed, its management depends on several 
factors. As with all reconstructive surgical procedures, the setting 
of achievable goals, by both the patient/family and the surgeon, must 
form the first step in the process. For patients with potentially reversible 
underlying diseases in whom the goals are to restore normal function 

or prolong life, aggressive efforts at nutritional resuscitation, treatment 
of infection, physical therapy and surgical intervention are warranted. 
In contrast, for chronically or terminally ill patients with advanced or 
recurrent ulcers, the goal is to provide comfort only. 

The severity of the ulcer is evidenced by its grade (see Table 121.7). 
Grade III and IV ulcers require flap coverage; skin grafts and primary 
closure will fail. Free flap coverage may be preferable, depending on 
skills and personnel. 

Patient idiosyncrasies and family support in nursing care are important 
factors. The older child may develop depression because of low esteem, 
among other reasons. As a result, the child moves less, and thus develops 
a pressure ulcer. In contrast, the motivated and goal-oriented child is less 
likely to develop a pressure ulcer. Family interest and involvement form 
an important and integral part of patient care. Poor family support implies 
poor nursing care. Any surgery performed will therefore most certainly 
fail, and conservative management would be preferable.

The cost of managing a pressure ulcer is significant. To protect a 
flap after coverage, weight and pressure dispersion may require special 
equipment, including silicone pillows and wheelchairs. These issues must 
be discussed before initiating surgical treatment. 

The goals of surgical intervention include the following:
• reduction of protein loss through the wound;

• prevention of progressive osteomyelitis and sepsis;

• avoidance of progression to secondary amyloidosis and renal failure;

• minimisation of rehabilitation costs;

• improved patient hygiene and appearance;

• simplification of nursing care, as well as improving patient capability 
for self-care in the future; and

• averting future development of Marjolin’s ulcer.

Technique
The technique in treating pressure ulcers includes the following:

• excision of the ulcer, surrounding scar, underlying bursa, and soft tis-
sue calcification, if any;

• radical removal of the underlying infected bone;

• padding of bone stumps and filling the dead space with fascia or muscle flaps;

• resurfacing with large regional pedicled flap or free flap as indicated;

• in flap design, never sacrificing muscles that are still innervated; and

• grafting the donor site of the flap with thick split skin, if needed.
In doing so, the following guidelines are important:

• Use the simplest, but appropriate method of closure.

• Design the flap as large as possible; place the suture line away from 
the area of direct pressure.

• Be sure the flap design does not violate adjacent flap territories.

• If sensate flap is available, use it. 

• Always have a second, and third, coverage option, should the first 
fail.
Regional flap options are shown in Table 121.8.

Ulcer regions Flap options

Trochanteric 
ulcers

Tensor fascia lata (TFL), vastus lateralis, anterolateral thigh flap

Sacral ulcers Gluteal flaps

Ischial ulcers Gluteal flaps, V-Y hamstring flap, posterior thigh flap

Table 121.8: Regional flap options.
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1. An understanding of embryology is critical to the management 
of paediatric congenital malformations.

2. Children are not “small adults”; their physiology and anatomy 
differ from that of adults in a number of significant ways. 

3. In reconstructive surgical interventions, goal-setting with the 
patient and the patient’s relatives and guardians is an essential 
part of the management. 

Key Summary Points

Complications 
Complications of surgical intervention for pressure ulcers include hae-
matoma, infection, dehiscence, recurrence, and heterotopic ossification 
of muscle flaps.

Microsurgery in Africa 
The African continent is replete with reconstructive surgical needs, but 
the manpower to meet this is either inadequate or totally lacking. The 
College of Surgeons of East, Central, and Southern Africa has made 
significant strides in helping to train surgeons in various specialties, 
including plastic and reconstructive surgery. 

4. Surgeons managing children with disabilities or congenital 
malformations should participate in and/or lead campaigns of 
community education and awareness to help these children 
become integrated into their individual communities.

5. The long-term cosmetic and functional results of neglected 
maxillofacial trauma in children can be devastating. An early 
referral or consultation is important. Mobile telephony and the 
Internet can be used well to this end.

Andreev A. The Bulgarian School for Diagnosis and Treatment of 
Vascular Malformations and the leading role of Stefan Belov. Int J 
Angiol 2002; 11:46–52. 

Argenta LC, Morykwas MJ. Vacuum assisted closure: a new method 
for wound control and treatment: clinical experience. Ann Plast 
Surg 1997; 38: 563–577.

Banwell PE, Musgrave M. Topical negative pressure therapy: 
mechanisms and indications. Int Wound J 2004; 1:95–106.

Baratti-Mayer D, Pittet B, Montandon D, et al. Noma: an “infectious” 
disease of unknown aetiology. Lancet Infect Dis 2003; 3:419–431.

Bauer J, Phillips LG. MOC-PSSM CME article: pressure sores. Plast 
Reconstr Surg 2008; 121(1 Suppl):1–10.

Brown MD, Johnson TM. Complications of soft tissue expansion. J 
Dermatol Surg Oncol 1993; 19:1120–1122.

Chao JJ, Longaker MT, Zide BM. Expanding horizons in head and 
neck expansion. Oper Tech Plast Reconstr Surg 1998; 5:2–11.

Cheville AL, McGarvey CL, Petrek JA, Russo SA, Taylor ME, 
Thiadens SR. Lymphedema Management. Semin Radiat Oncol 
2003; 13:290–301.

Chidzonga MM. HIV/AIDS orofacial lesions in 156 Zimbabwean 
patients at referral oral and maxillofacial surgical clinics. Oral Dis 
2003; 9:317–322. 

Crysdale WS, Gaffney RJ. Malformations and syndromes. In: 
Bluestone CD, Stool SE, Kenna MA, eds. Pediatric Otolaryngology, 
Vol I, 3rd ed. Saunders, 1995, Pp 51–70. 

Damstra RJ, Mortimer PS. Diagnosis and therapy in children with 
lymphoedema. Phlebology 2008; 23:276–286.

Enweon WU. Epidemiological and biochemical studies of necrotizing 
ulcerative gingivitis and noma (cancrum oris) in Nigerian children. 
Arch Oral Biol 1972; 17:1357–1371.

Marchac D, Renier D. Craniosynostosis. World J Surg 1989; 13:358–365. 

Millard DR. Cleft Craft, Vol 1. Little Brown, 1976, Pp 165–173.

Miraliakbari R, Mackay D. Skin grafts. Oper Tech Gen Surg 2006; 
8:197–206.

Montandon D, Lehmann C, Chami N. The surgical treatment of noma. 
Plast Reconstr Surg 1991; 87:76–86.

Mooney MP, Siegel MI. Understanding craniofacial anomalies: 
etiopathogenesis of craniosynostoses and facial clefting. Wiley-
Liss, 2002.

Msamati BC, Igbibi PS, Chisi JE. The incidence of cleft lip, cleft 
palate, hyrocephalus, and spina bifida at Queen Elizabeth Central 
Hospital, Blantyre, Malawi. Cent Afr J Med 2000; 46:292–296.

Mulliken JB, Glowacki J. Hemangiomas and vascular malformations 
in infants and children: a classification based on endothelial 
characteristics. Plast Reconstr Surg 1982; 69:412–420.

National Institutes of Health Consensus Development Conference 
Statement (1988), Neurofibromatosis. Arch Neurol 1988; 45:575–
578.

Nicole M, Wymann E, Hölzle A, Zachariou Z, Iizuka T. Pediatric 
craniofacial trauma. J Oral Maxillofac Surg 2008; 66:58–64.

Nthumba PM. The donkey, the fox, the gun and a lip. Internet J 
Surg 2005; 6(2). Available at: http://www.ispub.com/ostia/index.
php?xmlFilePath=journals/ijs/vol6n2/lip.xml. 

Nthumba PM. Bilateral thigh flaps: a case report and review of 
literature. East & Cent Africa J Surg 2007; 12(2): 82-87. 

Nthumba PM. Giant pyogenic granuloma of the thigh: a case report. J 
Med Case Reports 2008; March 31(2): 95.

Nthumba PM. “Blitz surgery”: Redefining surgical needs, training and 
practice in Sub-Saharan Africa. World J Surg 2010; 34(3):433–437.

Nthumba PM, Bird G. Marjolin’s ulcer in a spina bifida patient. A case 
report. East & Cent Afric J Surg 2010; 15(2):127-129. 

Nthumba PM, Carter LL. Visor flap for total upper and lower lip 
reconstruction: a case report. J Med Case Reports 2009; June 
9(3): 7312.

Odeku EL, Martinson FD, Akinosi JO. Craniofacial fibrous dysplasia in 
Nigerian Africans. Int Surg 1969; 51:170–182.

Onyango JF, Noah S. Pattern of clefts of the lip and palate managed 
over a three year period at a Nairobi hospital in Kenya. East Afr 
Med J 2005; 82:649–651.

Suggested Reading

The operating microscope has revolutionalised reconstructive 
surgery and thus needs to be part of the skills that trainees develop. 
The immediate cost of the microscope is significant, but the benefits to 
the surgeon and patients are immense. Procedures that would normally 
require multiple stages are performed in a single stage, significantly 
saving the morbidity, cost, and time lost in otherwise multiple-staged 
procedures. Note that the skills and equipment are easily available on 
the Indian subcontinent, which has patients whose needs and financial 
capabilities are equivalent to those in Africa. 
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Introduction
It is difficult to credit any one person for the development of mini-
mal access surgery (MAS) (also referred to as minimally invansive 
surgery, or MIS, by some), but diagnostic laparoscopy has been 
used in various medical specialties since early in the 20th century. 
Laparoscopy was commonly used by gynecologists throughout the 
1960s and 1970s. Semm performed the first laparoscopic appendec-
tomy in 1980, and Mouret performed the first laparoscopic chole-
cystectomy in 1987, leading to the widespread application of this 
technology to general surgery.1,2 In Africa, diagnostic laparoscopy is 
sometimes the only method to make or confirm a diagnosis because 
other, less invasive modalities, such as ultrasound (US), computed 
tomography (CT), and magnetic resonance imaging (MRI), often are 
not available. However, advanced laparoscopic techniques are being 
utilised only in select regions; other areas basically perform almost 
no minimal access surgery.

Minimal access operations have been developed for most adult 
general surgical procedures; however, technical limitations, such as 
the size of the scopes and instruments, have made the application 
to paediatric surgery more guarded. As smaller and more delicate 
instruments have been developed and minimal access techniques have 
become standard teaching in general surgical training programmes, 
there has been a greater number of children treated with laparoscopic 
or thoracoscopic operations.3 This chapter briefly discusses the general 
concepts of laparoscopy and thoracoscopy and reviews the current 
applications of MAS in the paediatric population, with an emphasis on 
those basic procedures that may be the most relevant in Africa.

Demographics
It is difficult to determine the exact proportional use of laparoscopy 
in any one region; however, it is clear that at major academic centres 
around the world, the use of minimal access techniques is increas-
ing. One centre in the Netherlands reported that, in 1998, 60% of all 
intraabdominal operations in infants and children were performed 
laparoscopically, and by 2005, this number had risen to 81%.3,4 More 
generally, a 2004 survey of North American paediatric surgeons 
investigating the preferred technique for appendectomy showed that 
11% of the 344 respondents use laparoscopy in every case, whereas 
10.8% of respondents never use it.5 In a similar survey of 94 paedi-
atric surgeons regarding pyloromyotomy in the United Kingdom and 
Ireland in 2008, it was found that 15% use laparoscopy only, with an 
additional 5% using laparoscopy depending on the case.6 

Rationale
The rationale for MAS has been defined largely in the adult general 
surgery population and covers a broad range of procedures.7–10 In gen-
eral, the advantages of MAS are (1) better focal visualisation for the 
surgeon and associated staff members, (2) shorter length of hospital 
stay, (3) reduced postoperative ileus, (4) decreased requirements for 
postoperative pain medication, (5) fewer wound complications, and 
(6) improved cosmetic results. Recently, children have been shown to 

have the same benefits after laparoscopic surgery.4,11 The advantages 
of the minimal access approach are outlined for specific procedures 
as they are mentioned throughout this chapter.

Physiological Changes 
Laparoscopy
The physiological effects of carbon dioxide pneumoperitoneum can be 
divided into two categories: (1) gas-specific effects and (2) pressure-
specific effects.12 One of the most important gas-specific effects is due 
to carbon dioxide’s rapid absorption across the peritoneal membrane 
into the circulation, potentially causing a respiratory acidosis by the 
generation of carbonic acid. The body’s buffers absorb carbon dioxide 
to maintain a normal blood pH, minimising hypercarbia or respiratory 
acidosis during brief laparoscopic procedures. In fact, clinically signifi-
cant acidosis is rare in procedures of less than 8 hours. Minimal access 
procedures of that duration are rare in children, with repair of large 
para-oesophageal hernias being a possible exception.13 

In patients with normal respiratory function, the anaesthesiologist 
increases the ventilatory rate or vital capacity with the ventilator to 
compensate for any increase in end tidal carbon dioxide, although 
this is rarely needed in children.14 In a situation where acidosis 
cannot be corrected by the anaesthesiologist, it is advisable to 
evacuate the pneumoperitoneum or reduce the intraabdominal 
pressure.12 The preoperative assessment should include screening for 
cardiopulmonary dysfunction, which might increase the likelihood 
of developing a clinically significant acidosis; laparoscopy may be 
relatively contraindicated in patients with these conditions.14 Mild 
respiratory acidosis probably is an insignificant problem, but more 
severe respiratory acidosis can lead to cardiac arrhythmias, which are 
rarely seen in children.12

Pressure-specific effects of pneumoperitoneum on cardiovascular 
physiology have also been documented.12 In the hypovolaemic patient, 
excessive pneumoperitoneum may exert pressure on the inferior 
vena cava and cause decreased venous return and impaired cardiac 
output. Furthermore, increased pressure due to pneumoperitoneum is 
transmitted directly across the paralyzed diaphragm into the thoracic 
cavity, creating increased central venous pressure and increased filling 
pressures of the right and left sides of the heart. If the intraabdominal 
pressures are kept under 20 mm Hg, the cardiac output is usually well 
maintained; higher pressures, however, can impede venous return and 
decrease preload.14 The direct effect of the pneumoperitoneum on 
increasing intrathoracic pressure is increased peak inspiratory pressure, 
pressure across the chest wall, and the potential for barotrauma.12 Despite 
these concerns, disruption of blebs and consequent pneumothoraces 
are rare after uncomplicated laparoscopic surgery, and laparoscopic 
procedures in children usually do not result in significant hypotension 
or tachycardia. 

Increased intraabdominal pressure may also decrease renal blood 
flow, glomerular filtration rate, and ultimately urine output.12 These 
effects are likely mediated by direct pressure on the renal vein 
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and kidney. Relative oliguria is common during laparoscopy, but 
the urine output is not a reflection of intravascular volume status. 
During an uncomplicated laparoscopic procedure, intravenous fluid 
administration should not be linked to urine output, and one must 
be judicious with the total volume of fluid given. The requisite for 
supplemental fluids is decreased, especially as fluid losses through the 
open abdomen are eliminated.
Thoracoscopy
The physiology of thoracoscopy is different from that of laparoscopy 
due to the rigid nature of the chest. The bony confines of the thorax 
render it unnecessary to use a significant amount of positive pressure 
when working in this body cavity. The disadvantages of positive pres-
sure in the chest include decreased venous return, mediastinal shift, and 
the need to keep a firm seal at all trocar sites. However, visualisation 
of structures is greatly enhanced with a small degree of insufflation. In 
older children a double-lumen endotracheal tube may be placed so that 
the ipsilateral lung can be deflated to obtain a working space within 
the thorax. In smaller children (weighing less than 30–40 kg), double 
lumen tubes are unavailable, so the chest is usually insufflated in order 
to compress the ipsilateral lung.14 Pressures of 4–6 mm Hg are suffi-
cient to maintain visualisation of the operative field.

Equipment
A video system for MAS must have the following properties: illumina-
tion, resolution, and color. Without the first two attributes, video surgery 
is unsafe.12 Currently, most imaging for laparoscopy, thoracoscopy, and 
subcutaneous surgery uses a rigid metal telescope containing a series 
of quartz optical rods with differing optical characteristics that provide 
a specific character to each telescope. The standard adult scopes are 
usually 30 cm in length, with smaller lengths used in paediatric surgery. 
These metal telescopes vary in diameter from 1 to 10 mm.12,15,16 Rigid 
telescopes may provide a straight or oblique view, with the scope angle 
ranging from 0° to 70°.12,15 Angled scopes allow greater ability to view 
the entire operative field. 

Illumination is delivered to the laparoscope through a fibre-optic 
cable.12 Due to the inefficiency of these light cables, an extremely bright 
light source (300 watts) is necessary to provide optimal visualisation 
for video endosurgery. The quality of the videoendoscopic image is 
only as good as the weakest component in the imaging chain. It is 
therefore important to use a video monitor that has a resolution equal 
to or greater than the camera being used. This is particularly important 
for the smaller telescopes used for laparoscopy on infants, for which a 
state-of-the-art video setup is required.12,15

Instruments for MAS usually are adaptations of conventional 
surgical instruments made longer, thinner, and smaller at the tip.12 It 
is important to realise that laparoscopic grasping instruments apply a 
greater force over a smaller surface area, thereby increasing the risk 
for perforation or injury to an infant. Standard instruments are 5 mm in 
diameter and 30 cm in length, but smaller and shorter instruments are 
now available for neonatal and infant surgery, with a diameter as small 
as 2 mm and a length as short as 20 cm.12,16 Some instruments, such 
as linear staplers and specimen retrieval bags, are not available in the 
5-mm diameter size. A unique laparoscopic instrument is the monopolar 
electrical hook,12 which may be configured with a suction and irrigation 
apparatus to eliminate smoke and blood from the operative field. The 
monopolar hook allows tenting of tissue over a bare metal wire with 
subsequent coagulation and division of the tissue.

Common Applications of MAS
One of the more common applications for MAS in both children and 
adults is appendectomy. The use of laparoscopy for the treatment of 
appendicitis was first described more than 20 years ago, but its use 
remains controversial.17,18 As previously stated, a survey of North 
American paediatric surgeons showed that 11% of respondents use 

laparoscopy for all appendectomies, and the same percentage of respon-
dents never use it. In a large multicentre retrospective review from 
Europe, 1,506 laparoscopic appendectomies performed in children 
were compared to 826 open procedures.19 Operative times and rates of 
complications were found to be similar, but the laparoscopic cohort had 
a shorter length of hospital stay for both acute and perforated appen-
dicitis. In a review of 43 children with perforated appendicitis (Figure 
122.1) who underwent laparoscopic appendectomy compared to 77 
who underwent an open appendectomy, the infectious complication rate 
in the two groups was similar, but a lower overall complication rate was 
found in the laparoscopic group.20 When interpreting these data, one 
must consider the learning curve required to master the laparoscopic 
approach. Statistically significant reductions in operative time, conver-
sion rate, and presence of postoperative abscesses were observed when 
one group compared their experience between time periods before 
and after their learning curve.21 The largest meta-analysis comparing 
laparoscopic (n=2789) versus open (n=3688) appendectomy in chil-
dren revealed that there was a significantly decreased length of stay 
in the laparoscopic group, as well as lower rates of wound infection 
and postoperative ileus.11 An advantage of a laparoscopic removal of 
a perforated appendicitis is also the ability to evacuate pus and fluid 
from the entire abdominal cavity (Figure 122.2). This might improve 
the outcome in African children who notoriously present late and with 
complicated appendicitis, although there are no hard data to support 
this contention.

Figure 122.1: Laparoscopic view of perforation of the appendix. The arrow is 
pointing to pus extruding from the appendiceal lumen. 

Figure 122.2: Laparoscopic view of pus (arrow) from a perforated appendix 
collecting in the left paracolic gutter.
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Laparoscopic surgery Thoracoscopic surgery

Oesophagomyotomy for achalasia

Fundoplication

Gastrostomy

Pyloromyotomy 

Pyloroplasty 

Ladd’s procedure

Duodeno-duodenostomy

Small bowel atresias

Reduction of intussusception 

Appendectomy

Ileocolectomy

Partial colectomy

Total abdominal colectomy 

Pull-through for Hirschsprung’s 
disease and anorectal 
malformations

Cholecystectomy

Kasai procedure

Choledochojejunostomy

Oncological procedures 

Splenectomy

Nephrectomy

Adrenalectomy

Lung biopsy

Blebectomy

Lung resection 

Debridement of empyema 

Lobectomy 

Tracheo-oesophageal fistula repair

Aortopexy

Mediastinal biopsy

Thymectomy

Resection of mediastinal mass

Diaphragmatic hernia repair or plication

Complex central venous access

Patent ductus arteriosus (PDA) ligation

Pectus excavatum

Figure 122.3: Thoracoscopic view of the left lung in an immunocompromised 
patient with fungal pneumonia. Fibrinous debris (arrow) was removed and lung 
biopsy was performed to confirm the diagnosis.

The most common application of MAS in the thorax of paediatric 
patients is for debridement of empyemas (Figure 122.3). Pneumonia 
is one of the most common infections in the paediatric population, 
and parapneumonic effusions complicate 21–91% of cases.22 When 
the pleural collections are simple (free flowing) the effusions often 
resolve with chest tube drainage and/or antibiotic therapy alone; 
however, a complicated effusion often requires pleural space drainage 
and sometimes decortication to facilitate recovery. Thoracoscopy 
has become the standard of care in North America for treating these 
conditions following the first report of its use in 1993.23,24 Other 
options include thoracentesis, chest tube placement with instillation 
of fibrinolytics such as urokinase or tissue plasminogen activator, or 
antibiotics alone. Failure to treat these collections can lead to persistent 
pleural thickening and restrictive lung disease. This has led many 
to advocate for early surgery to treat complicated collections.25–27 A 
number of small series have reported decreases in mean postoperative 
length when compared to thoracoscopy with the open technique.2,28,29 
A retrospective study comparing 54 children treated conservatively 
with 21 children treated with thoracoscopy found the mean length 
of stay was 15.4 days in the conservative group (chest tube and 
antibiotics alone) compared to 7.4 days in the thoracoscopy group, 
with no procedure-related complications in either case.30 Clearly, these 
data show that using thoracoscopy can decrease hospital stay with 
significantly less morbidity. Although there is debate in the literature 
over the ideal timing of thoracoscopy and its efficacy compared to 
drainage with fibrinolysis, there is little doubt that thoracoscopy is the 
preferred surgical approach.31–33

Other Commonly Performed MAS Procedures
In addition to laparoscopic appendicitis and thoracoscopy, MAS has 
been applied to a large variety of procedures in both the abdomen and 
thorax (Table 122.1). As in the adult population, cholecystectomy is 
now routinely performed laparoscopically in children. In a retrospec-
tive review of 184 patients with a mean age of 14.1 years (range, 3–22 
years) and a mean follow-up of 8.3 months, the only complications 
were one prolonged ileus and one wound infection.34 Splenectomy 
is another operation performed frequently in children for a variety 
of haematological conditions, splenic cysts, complications of portal 
hypertension, and malignancies. For elective splenectomy, laparoscopy 
has become the standard, depending on the size of the spleen. In a 
retrospective study of 159 patients who underwent laparoscopic sple-
nectomy at three centres,35 eight cases were converted to open, one case 
required reoperation with laparoscopy for postoperative bleeding, and 
three generalised postoperative infections were noted.

Table 122.1: Commonly performed paediatric MIS procedures.

Pyloric stenosis is now frequently treated laparoscopically in the 
United States and Europe, although its advantages are mainly cosmetic. 
A retrospective comparison of 52 open pyloromyotomies and 65 
laparoscopic pyloromyotomies from a single institution found that 
operating time, incidence and time to postoperative emesis, time to 
full feedings, total costs, length of stay, and complication rates were 
not significantly different between the two groups.36 A prospective 
randomised trial comparing the techniques revealed less postoperative 
pain and emesis with laparoscopy when compared to the open 
approach, with no difference in complication rate.37 However, a French 
randomised trial failed to show any difference in postoperative emesis.38 
This French study compared the laparoscopic approach with an open 
umbilical approach, and found that laparoscopic pyloromyotomy does 
not decrease the incidence of postoperative vomiting, has a similar 
complication rate compared with the open umbilical approach, but may 
expose patients to a risk of inadequate pyloromyotomy.. The umbilical 
approach may provide improved cosmesis and could constitute an 
attractive approach in the African setting, although no data detail the 
cosmetic outcomes for any of the approaches to pyloromyotomy. Thus, 
the laparoscopic approach is far from universally accepted.6 

Ladd’s procedure for malrotation has also been performed 
laparoscopically.39 In a series of 10 patients without midgut volvulus, 
ranging in age from 10 weeks to 25 years, operated on laparoscopically, 
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the mean operative time was 111 minutes, mean length of stay was 3.6 
days, and the only postoperative complication was an incisional hernia. 
One case was converted to open. This operation is also controversial 
because many believe that the laparoscopic approach will lead to 
fewer intraabdominal adhesions and perhaps a higher recurrence rate. 
However, no study directly comparing long-term outcomes for the 
laparoscopic and open Ladd’s procedures has been published.

Laparoscopic Nissen fundoplication is routinely performed as an 
alternative to the open procedure in the United States. A retrospective 
study compared 150 open cases to 306 laparoscopic procedures.40 
Although reoperation was more common in the laparoscopic group 
(14% versus 8%), the laparoscopic group had significantly fewer 
complications, and mean length of stay was two days shorter. Another 
study comparing the hospital charges for 50 open fundoplications 
to 50 laparoscopic fundoplications found that the overall costs were 
similar between the two groups, with the shorter length of stay in the 
laparoscopic group offsetting higher costs in operating room time 
and equipment.41 In fact, one study from South Africa has shown 
that select patients may be discharged on the day of surgery after 
laparoscopic Nissen fundoplication.42 However, this practice has yet to 
be universally accepted.

A problem that is unique to developed nations but may be on the 
rise in other regions is morbid obesity. Laparoscopy is the preferred 
approach for bariatric procedures in adults; as adolescent obesity rates 
have risen in North America, similar procedures have been used in 
children.43,44 These procedures should be reserved for only the most 
expert minimal access paediatric surgeons as part of a multidisciplinary 
weight-management team. 

Minimal access techniques are now commonly used for colorectal 
surgery in the paediatric population. All three operations described 
for Hirschsprung’s disease (Duhamel, Soave, and Swenson) have 
been successfully performed laparoscopically.45 Laparoscopy allows 
for procurement of seromuscular biopsies to precisely identify the 
transition zone, and permits minimally invasive mobilisation of 
the colon, facilitating the pull-through procedures and ensuring a 
tension-free coloanal anastomosis. Similar techniques are used for 
colonic mobilisation when treating imperforate anus with mainly 
high rectourethral fistulas where a laparotomy might be needed in 
conjunction with the Pena posterior sagittal ano-rectoplasty.46 A 
recent article compares laparoscopic-assisted and posterior sagittal 
anorectoplasty.47 Laparoscopic-assisted proctocolectomy with J-pouch 
reconstruction has also been successfully performed in children with 
ulcerative colitis or familial adenopolyposis.48

Advanced thoracoscopic procedures are also being safely performed. 
In a review from six institutions of 104 patients with oesophageal 
atresia or tracheo-oesophageal fistula repaired thoracoscopically, the 
mean age at the time of surgery was 1.2 days and the mean operative 
time was 129.9 minutes.49 Early leak or stricture developed in 11.5% of 
patients, at least one oesophageal dilatation was required in 31.7%, and 
4.8% of the procedures were converted to thoracotomy. Three patients 
died, one related to oesophageal atresia/tracheo-oesophageal fistula 
(OA/TEF) on the 20th postoperative day. These complications were 
similar to the authors’ experience with open repairs. 

Thoracoscopy may also be used to treat pulmonary malignancies 
in children.50 In a retrospective review of 55 thoracoscopy cases 
(31 pulmonary resections, 19 biopsies, 5 resections of mediastinal 
tumours), there were two cases of trocar site infections and no other 
complications. Congenital pulmonary malformations are also amenable 
to the thoracoscopic approach. A retrospective comparison of 12 
patients with congenital cystic adenomatous malformations (CCAM) 
treated with thoracoscopy with 24 open resections found that the 
thoracoscopy group had a significantly shorter length of stay and that 
hospital costs were similar overall.51 

Investigations and Management
Minimal access procedures rarely require a preoperative evaluation 
different than open procedures for the same conditions. Similarly, man-
agement is based on the disease being treated and can be derived from 
experience with the open approach. However, with MAS, the return of 
bowel function may be expedited and the duration and need for pain 
medication may be reduced.

Complications
Many of the known complications that may occur with open surgery 
also are common when using laparoscopic or thoracoscopic techniques. 
Some complications, however, such as trocar and Veress needle inju-
ries, are unique to MAS, but these are rare in the hands of an expe-
rienced surgeon.52 The most common injuries after placing trocars in 
the abdomen are injuries to the small bowel, colon, liver, and vascular 
structures. With the closed technique, a Veress needle is inserted into 
the abdomen blindly to deliver carbon dioxide, and subsequently, the 
umbilical trocar is placed. The placement of a needle blindly into the 
abdomen may result in injury to the intraabdominal viscera. It is due to 
this risk that many advocate an open technique. In the open, or Hasson, 
technique, an umbilical incision is made and the fascia is identified and 
incised. A blunt trocar is then placed through this incision, and the abdo-
men is insufflated. Although this approach may be safer, bowel and vas-
cular injury may still occur.53 In a large retrospective review comparing 
more than 400,000 closed laparoscopies and 12,000 open procedures, 
a statistically significantly higher rate of visceral and vascular injuries 
were found in the closed group. Hernias can develop at trocar sites. It is 
important that all subsequent trocar insertions and removals be watched 
under direct vision, to prevent iatrogenic injuries.54

Laparoscopy also increases the risk of electrothermal injuries. 
Monopolar, biploar, and ultrasonic instruments are all used routinely in 
MAS.55–57 Overall, the incidence of electrothermal injuries is about 2–5 
per 1,000 cases, with inadvertent perforation of the bowel occurring 
in 0.6–3 per 1,000 cases.54,55 These numbers may be underreported, 
however. In addition to bowel perforation, electrosurgical injuries 
may lead to biliary, uretheral, and anal strictures; hydroureter; or 
fistula formation in the genitourinary tract.56 Electrothermal injury 
can come from inadvertent direct application of the probe to tissue, a 
defect in the insulation of an instrument, direct coupling (unintended 
contact between the probe and a noninsulated instrument such as 
the scope or a grasper), or capacitive coupling (current passing from 
the probe through intact insulation to the tissue, which occurs when 
an active probe is in a trocar).55,56 It is important to note that 75% 
of all electrothermal burns to the bowel go unrecognised at the time 
of initial surgery.57 Thus, a high index of suspicion is paramount. In 
general, missed injuries present with signs and symptoms of peritonitis 
4–10 days after the initial surgery and require emergent reoperation. 
Minimising electrothermal injuries is achieved via regular training 
of surgical staff and routine thorough equipment maintenance. The 
surgeon must ensure that the electrosurgical unit is activated only when 
the entire conducting component of the instrument is in view. Short 
bursts of the electrosurgical unit allow tissue to cool and may reduce 
the incidence and severity of electrothermal injuries as well. Thus, most 
units are designed to deliver short bursts of energy regardless of the 
intentions of the user.55 In general, bipolar electrosurgical systems have 
a more limited area of thermal spread than monopolar systems, as well 
as a decreased risk of capacitive coupling.55,56

The ultrasonic coagulating shears (harmonic scalpel) work by 
converting electrical energy into mechanical vibrations (ultrasonic 
energy).55 A lower temperature is reached in the jaws of this instrument 
than in traditional electrosurgical probes, resulting in less lateral tissue 
injury.55,57 This device can safely seal vessels up to 3 mm in diameter, 
but comes in only 5- or 10-mm versions, and thus often is not used for 
MAS in infants. The electrothermal bipolar vessel sealer (LigaSure™) 
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can seal vessels up to 7 mm in size and also has a reduced thermal 
spread compared to traditional electrosurgical units.

Port-site metastases are another complication unique to laparoscopic 
or thoracoscopic techniques, but these are rare and occur when 
malignant cells implant on port sites during minimally invasive 
oncologic resections. This complication has been reported in children, 
but is not usually of major concern.58 A survey of the Japanese Society of 
Paediatric Endosurgeons, designed specifically to identify the incidence 
of port-site metastasis, found no cases following 129 laparoscopic 
or thoracoscopic cancer operations.59 Obviously, this relatively small 
sample size was unable to capture the true incidence of port-site 
recurrences, but suggests that port-site metastasis is not a common event. 
In general, the use of plastic bags for the removal of surgical specimens 
to decrease the contact between malignant cells and the port site and thus 
decrease the incidence of port-site metastasis is recommended.

Ethical Considerations
It is clear that minimal access techniques are becoming increasingly 
used for a variety of surgical diseases in children, but it is unclear which 
indications best warrant such technology in societies with limited 
resources. When basic health care needs cannot be met, it is difficult 
to justify the capital costs associated with purchasing the equipment 
necessary for MAS and training the surgical and ancillary staff to use 
it. However, there is no doubt that there are advantages to laparoscopic 
surgery with its smaller incisions, decreased pain, shorter hospital stay, 
and reduced complication rates. African children should have the same 
rights to these benefits as children from developed countries. Thus the 
chappenge is presented of finding new ways of collaboration where the 
strengths of both worlds could be integrated to help improve the service 
to all children.

This type of surgery has minimum basic requirements that should 
not be taken for granted within developing regions. An alternative 
approach should always be available in case of sudden loss of 
electricity. Furthermore, laparoscopic or thoracoscopic surgery should 
not be undertaken unless the surgeon is trained in the techniques and has 
ample experience with the open approach. We recommend that critical 
and honest data acquisition be a part of any program where MAS is to 
be used. Due to the lack of research infrastructure throughout many 
parts of Africa, however, this may be more difficult than it appears. 

Quality control is not the sole responsibility of the operative 
surgeon—the hospital must also participate in this overall goal. It is 
of great importance that there be clearly designated responsibility 
for maintenance of the equipment, its safe storage, its postoperative 
cleaning, and its replacement and repair if broken. The surgical and 
nursing staff should attend ongoing training on handling the very 
sensitive equipment. We advise a clear and strict policy outlining 
the reuse of disposable equipment, taking note of all potential 
complications associated with such reuse. This policy is particularly 
important, considering the African context and the high prevalence of 
human immunodeficiency virus (HIV). 

It may be that “minimally invasive” surgery as defined by 
laparoscopy and thoracoscopy may not be ideal in regions where 
resources are limited. Alternatives exist that apply the concept of MAS 
without utilising the highly sophisticated and expensive technology 
of videoscopic surgery. Suitable options for children in Africa include 
the transanal approach for Hirschsprung’s disease, the Tan-Bianchi 
periumbilical incision and its variations60 for hypertrophic pyloric 
stenosis, extended to other intraabdominal procedures such as for 
intestinal atresia repairs.61 Surgery within the African context may be 
viewed as a challenge conducive for innovation and development.

Evidence-Based Research
No prospective randomised controlled trials compare open appendec-
tomy to laparoscopic appendectomy or thoracoscopic debridement to 
thoracotomy for parapneumonic effusions in the paediatric population. 
Decisions therefore must be made by using retrospective studies as well 
as expert opinion and professional society guidelines. A retrospective 
study for laparoscopic appendectomy is presented in Table 122.2. 

Several papers demonstrate the benefits of using thoracoscopy early 
in a child’s course with complicated pneumonia. Table 122.3 presents a 
retrospective study for parapenumonic effusions or empyemas. 

Title Laparoscopic versus open appendectomy in children: a 
meta-analysis

Authors Aziz O, Athanasiou T, Tekkis PP, et al.

Institution Imperial College of Science, Technology and Medicine, 
Department of Surgical Oncology and Technology, St. 
Mary’s Hospital, London, UK

Reference Ann Surg 2006; 243(1):17-27 

Problem Surgical approach in treating appendicitis in children: 
laparoscopic versus open appendectomy.

Intervention Laparoscopic versus open appendectomy.

Comparison/
control 
(quality of 
evidence)

Meta-analysis of 23 studies comparing a total of 
2,789 laparoscopic appendectomies to 3,688 open 
appendectomies.

Outcome/ 
effect

The outcomes analysed were postoperative fever, ileus, 
wound infection, intraabdominal abscess formation, 
operative time, and postoperative hospital stay. Wound 
infection was significantly reduced with laparoscopic versus 
open appendectomy (1.5% versus 5%; OR = 0.45, 95% CI = 
0.27–0.75), as was ileus (1.3% versus 2.8%; OR = 0.5, 95% 
CI = 0.29–0.86). Postoperative stay was significantly shorter 
in the laparoscopic group (weighted mean difference, 0.48; 
95% CI = 0.65–0.31). Intraabdominal abscess formation 
was more common following laparoscopic surgery, 
although this was not statistically significant. There was 
no statistically significant difference in operative time or 
postoperative fever.

Historical 
significance/ 
comments

This large meta-analysis of 23 studies and almost 6,500 
children represents the largest data set comparing 
laparoscopic and open appendectomy in the paediatric 
population. The results of this study demonstrate a lower 
incidence of wound infection and postoperative ileus and 
a shorter length of stay in the laparoscopic group. The 
finding of a decreased number of wound infections is seen 
in almost every procedure that is done laparoscopically 
when compared to its open counterpart. Regarding post-
operative ileus, it is suggested that this may be reduced 
in laparoscopic surgery due to decreased handling of the 
bowel, reduced opiate requirements, and earlier mobilisa-
tion. Clearly, these same factors would affect postoperative 
length of stay. Additional benefits of laparoscopy are the 
ability to examine the entire abdomen prior to performing 
appendectomy, which is particularly useful when the diag-
nosis of appendicitis is in question. 

This study is a meta-analysis, which makes it imperfect 
in many ways. First, different studies may have had 
slightly different defining criteria for the outcome measures 
of interest, and this was not always clearly identified, 
according to the authors. The authors also point out 
the importance of nonpublication bias, as meta-analytic 
research is based only on published studies. Generally, 
meta-analyses are only as good as the studies included in 
the analysis. Thus, if the original studies are flawed, so is 
the meta-analysis. Despite these concerns, the conclusions 
drawn from this manuscript suggest a decreased length 
of stay, fewer wound infections, and a reduction in 
postoperative ileus in the laparoscopic group.

Table 122.2: Evidence-based research.
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1. Minimal access surgery for adults has been widely practiced 
by general surgeons for two decades; more recent technical 
advances have led to this technology being applied to the care 
of infants and children.

2. A large number of reports exist in the literature on minimal 
access techniques being successfully and safely applied to the 
care of infants and children for surgical disease in the abdomen 
and chest.

3. Laparoscopic appendectomy results in decreased incidence 
of wound infections and postoperative ileus as well as shorter 
length of hospital stay when compared to the open procedure.

4. Laparoscopic appendectomy can be performed safely for both 
acute and perforated appendicitis.

5. Thoracoscopic debridement of empyemas following complicated 
pneumonia has become standard in many centres. Early 
intervention has been shown to decrease hospital stay and total 
costs. 

6. Thoracoscopic debridement for complicated pneumonia may be 
the most appropriate application of minimal access surgery to 
resource-limited African communities.

7. Complications unique to minimal access surgery include Veress 
needle and trocar injuries as well as electrothermal injuries. 
Early recognition and immediate treatment of vascular or 
visceral injuries improves outcome.

8. Controversy remains over the most appropriate applications 
of minimally invasive techniques in the paediatric population; 
these may differ, depending on the geographic location in 
question.

9. In resource-limited communities of Africa that are considering 
establishing a minimal access surgery program, attention 
must be paid not only to operative technique but also to 
equipment maintenance and storage, training of ancillary staff 
in equipment use, and critical acquisition of outcomes.

Key Summary Points

Title Comparative analysis of chest tube thoracostomy and 
video-assisted thoracoscopic surgery in empyema and 
parapneumonic effusion associated with pneumonia in 
children

Authors Aziz A, Healy JM, Qureshi F, Kane TD, Kurland G, Green M, 
Hackam DJ

Institution Divisions of Pediatric Surgery, Pediatric Pulmonology, 
and Pediatric Infectious Disease, Children’s Hospital 
of Pittsburgh and the University of Pittsburgh School of 
Medicine, Pittsburgh, Pennsylvania, USA.

Reference Surg Infect 2008; 9(3):317–323

Problem Conservative versus operative management of 
parapneumonic effusions and empyemas.

Intervention Chest tube drainage versus thoracoscopic debridement.

Comparison/
control 
(quality of 
evidence)

Forty-nine paediatric patients with pneumonia complicated 
by parapneumonic effusion or empyema treated between 
1997 and 2003 were divided into three groups: primary 
chest tube (n=21), chest tube followed by thoracoscopy 
(n=15), or primary thoracoscopy (n=13).

Outcome/ 
effect

The following data were obtained: Sex, age, presenting 
symptoms, duration of symptoms, comorbidities and history 
of empyema, vital signs on presentation, chest radiographic 
findings, antibiotic treatment, surgical procedure, pleural 
fluid content, intensive care unit stay, total days in hospital, 
and total hospital charges. All groups were similar with 
respect to demographics and initial antibiotic usage. 
Patients undergoing primary thoracoscopy had a higher 
initial temperature, whereas radiographic findings of 
mediastinal shift and air bronchograms were more likely 
to be found in patients who underwent primary chest tube 
placement. Patients undergoing primary thoracoscopy 
demonstrated a significantly shorter total hospital stay 
and lower hospital charges than the other groups. Forty 
percent of children started on chest tube therapy required 
subsequent thoracoscopy, necessitating a significantly 
longer hospital course (18±3 versus 11±0.8 days; p<0.05) 
and higher hospital charges ($50,000±$7,000 versus 
$29,000±$1,000) than those having primary thoracoscopy.

Table 122.3: Evidence-based research.

Historical 
significance/ 
comments

This study is certainly limited due to the fact that it is 
retrospective and has a relatively small sample size. 
However, the analysis performed was extensive and the 
results are striking for a significantly reduced length of stay 
and total hospital charges when primary thoracoscopy is 
the approach used. The fact that there were no significant 
differences across groups in regard to demographics, 
initial vital signs, or initial antibiotic course strengthens 
these results. The authors’ conclusions advocate for this 
approach for all children presenting with parapneumonic 
effusions or empyemas. The authors suggest that one of 
the factors predisposing to failure of chest tube drainage is 
that the tubes placed by interventional radiology are smaller 
and may be more prone to obstruction compared to the 
larger caliber tubes placed in the operating room. Another 
factor that may increase the benefit of thoracoscopy is the 
improved visualisation, allowing for complete evacuation 
of debris and earlier expansion of the lung. Clearly, a 
prospective trial would be helpful in determining which 
patients are best treated surgically and which could be 
successfully managed with chest tube drainage alone. 
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CHAPTER 123
Prenatal Diagnosis and 

Foetal Therapy
Kokila Lakhoo

Introduction 
Prenatal diagnosis and foetal therapy are rare in Africa except for the 
presentation of polyhydraminios in foetal bowel obstruction. This 
chapter therefore covers prenatal diagnosis and therapy as practised in 
resourced countries.

Expertise in surgical correction of congenital malformations may 
favourably influence the perinatal management of prenatally diagnosed 
anomalies, by changing the site of delivery for immediate postnatal 
treatment; altering the mode of delivery to prevent obstructed labour or 
haemorrhage; early delivery to prevent ongoing foetal organ damage; or 
treatment in utero to prevent, minimise or reverse foetal organ injury as a 
result of a structural defect. The referral base for a paediatric surgeon now 
includes the perinatal period.

The diagnosis and management of complex foetal anomalies require a 
team effort by obstetricians, neonatologists, genetecists, paediatricians, and 
paediatric surgeons to deal with all the maternal and foetal complexities 
involved in diagnosis of a structural defect. This team should be able to 
provide information to prospective parents on foetal outcomes; possible 
interventions; appropriate setting, time, and route of delivery; and expected 
postnatal outcomes. The role of the surgical consultant in this team is to 
present information regarding the prenatal and postnatal natural history of 
an anomaly, its surgical management, and the expected long-term outcome.

Congenital Malformations
Congenital malformations account for one of the major causes of 
perinatal mortality and morbidity. Single major birth defects affect 
3% of newborns, and 0.7% of babies have multiple defects. The pre-
natal hidden mortality is higher because the majority abort spontane-
ously. Despite improvements in perinatal care, serious birth defects 
still account for 20% of all deaths in the newborn period and an even 
greater percentage of serious morbidity later in infancy and childhood. 
The major causes of congenital malformation are chromosomal abnor-
malities, mutant genes, multifactorial disorders, and teratogenic agents.

Prenatal Diagnosis
Prenatal diagnosis has remarkably improved our understanding of 
surgically correctable congenital malformations. It has allowed us to 
influence the delivery of the baby, offer prenatal surgical management, 
and discuss the options of termination of pregnancy for seriously handi-
capping or lethal conditions. Screening for Down syndrome may now 
be offered in the first trimester (e.g., nuchal scan combined test) (Figure 
123.1) or second trimester (e.g., triple blood test). Better resolution 
and increased experience with ultrasound (US) scans have led to the 
recognition of US soft markers, which have increased the detection rate 
of foetal anomalies albeit at the expense of higher false positive rates. 

Routine US screening identifies anomalies and places these 
pregnancies in the high-risk categories with maternal diabetes, 
hypertension, genetic disorders, and raised alpha foetoprotein, 
among others. Parents with high-risk pregnancies may be offered 
further invasive diagnostic investigations, such as amniocentesis or 
chorionic villous sampling. Structural abnormalities that are difficult 

Figure 123.2: Two-dimensional (2D; left panes) and three-dimensional (3D; right 
panes) scan of facial banding. 

Figure 123.1: Nuchal thickening on scan.

to define on US, such as hindbrain lesions or those in the presence of 
oligohydramnios, are better imaged on ultrafast magnetic resonance 
imaging (MRI). With the increasing range of options and sophistication 
of diagnostic methods (Figure 123.2), parents today are faced with 
more information, choices, and decisions than ever before, which can 
create as well as help to solve dilemmas.

Specific Surgical Conditions
Congenital Diaphragmatic Hernia 
Congenital diaphragmatic hernia (CDH; Figure 123.3) accounts for 1 in 
3,000 live births worldwide and challenges the neonatologist and paedi-
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atric surgeon in the management of this high-risk condition. Mortality 
remains high (>60%) when the “hidden” mortality of in utero death 
and termination of pregnancy are taken into account. Lung hypoplasia 
and pulmonary hypertension account for most deaths in isolated CDH 
newborns. Associated anomalies (30–40%) signify a grave prognosis 
with a survival rate of less than 10%.

In the United Kingdom, most cases of CDH are diagnosed at 
the 20-week anomaly scan, with a detection rate approaching 60%. 
MRI has a useful role in accurately differentiating CDH from cystic 
lung lesions and may be useful in measuring foetal lung volumes 
as a predictor of outcome. Cardiac anomalies (20%); chromosomal 
anomalies of trisomy 13 and 18 (20%); and urinary, gastrointestinal, 
and neurological anomalies (33%) can coexist with CDH. These 
associated anomalies and, in isolated lesions, early detection, liver 
in the chest, polyhydramnios, and foetal lung-head ratio (LHR) of 
less than 1 are implicated as poor predictors of outcome. In these 
patients with poor prognostic signs, foetal surgery for CDH over the 
last two decades has been disappointing; however, benefit from foetal 
endoscopic with tracheal occlusion (FETO) awaits randomised studies. 
Favourable outcomes in CDH with the use of antenatal steroids has 
not been resolved in clinical settings. Elective delivery at a specialised 
centre is recommended with no benefit from caesarean section.
Cystic Lung Lesions 
Congenital cystic adenomatous malformations (CCAMs), bronchopul-
monary sequestrations (BPSs), or “hybrid” lesions containing features 
of both are common cystic lung lesions noted on prenatal scans. Less 
common lung anomalies include bronchogenic cysts, congenital lobar 
emphysema, and bronchial atresia. Congenital cystic lung lesions (Figure 
123.4) are rare anomalies, with an incidence of 1 in 10,000 to 1 in 35,000.

The prenatal detection rate of lung cysts at the routine 18- 20-week 
scan is almost 100%; this scan may be the most common mode of 
actual presentation. Most of these lesions are easily distinguished 
from CDH; however, sonographic features of CCAM or BPS are not 
sufficiently accurate and correlate poorly with histology. MRI, although 
not routinely used, may provide better definition for this condition; 
however, inaccuracies have been reported in 11% of cases.

Bilateral disease and hydrops foetalis are indicators of poor outcome, 
whereas mediastinal shift, polyhydramnios, and early detection are not 
poor prognostic signs. In the absence of termination, the natural foetal 
demise of antenatally diagnosed cystic lung disease is 28%. It is well 
documented that spontaneous involution of cystic lung lesions can occur, 
but complete postnatal resolution is rare, and apparent spontaneous 
“disappearance” of antenatally diagnosed lesions should be interpreted 
with care because nearly half of these cases subsequently require surgery.

In only 10% of cases does the need for foetal intervention arise. The 
spectrum of intervention includes simple centesis of amniotic fluid, 
thoracoamniotic shunt placement, percutaneous laser ablation, and 
open foetal surgical resection. Maternal steroid administration has also 
been reported to have a beneficial effect on some CCAMs, although 
the mechanism is unclear. A large cystic mass and hydrops in isolated 
cystic lung lesions are the only real indications for foetal intervention.

Normal vaginal delivery is recommended unless the maternal 
condition indicates otherwise. Large lesions are predicted to become 
symptomatic shortly after birth; thus, delivery at a specialised centre 
would be appropriate. Smaller lesions are less likely to be symptomatic 
at birth, however, and could be delivered at the referring institution with 
follow-up in a paediatric surgery clinic.
Abdominal Wall Defects

Exomphalos and gastroschisis are both common but distinct 
abdominal wall defects with an unclear aetiology and a controversial 
prognosis. Attention may be drawn to their presence during the second 
trimester because of raised maternal serum alpha foetoprotein level, or 
abnormal US scan.

Figure 123.3: Diaphragmatic hernia.

Figure 123.4: Congenital lung cyst.

Exomphalos
Exomphalos (Figure 123.5) is characteristically a midline defect, usu-
ally near the insertion point of the umbilical cord, with a viable sac 
composed of amnion and peritoneum containing herniated abdominal 
contents. Incidence is known to be 1 in 4,000 live births worldwide. 
Associated major abnormalities, which include trisomy 13, 18, and 
21; Beckwith-Wiedemann syndrome (macroglossia, gigantism, exom-
phalos); pentalogy of Cantrell (sternal, pericardial, cardiac, abdominal 
wall, and diaphragmatic defects); and cardiac, gastrointestinal, and 
renal abnormalities are noted in 60–70% of cases. Thus, karyotyping, in 
addition to detailed sonographic review and foetal echocardiogram, is 
essential for complete prenatal screening. Foetal intervention is unlike-
ly in this condition. If termination is not considered, normal vaginal 
delivery at a centre with neonatal surgical expertise is recommended, 
and delivery by caesarean section is reserved only for large exomphalos 
with exteriorised liver, to prevent damage.

Gastroschisis 
Gastroschisis (Figure 123.6) is an isolated lesion that usually occurs on 
the right side of the umbilical defect with evisceration of the abdominal 
contents directly into the amniotic cavity. The incidence has increased 
from 1.66 per 10,000 births to 4.6 per 10,000 births worldwide and in 
the last 10-15 years, affecting mainly mothers younger than 20 years 
of age. Associated anomalies are noted in only 5–24% of cases, with 
bowel atresia the most common coexisting abnormality. On prenatal 
scan, with a detection rate of 100%, the bowel appears to be free 
floating, and the loops may appear to be thickened due to damage by 
amniotic fluid exposure, causing a “peel” formation. Dilated loops of 
bowel (see Figure 123.3) may be seen from obstruction, secondary to 
protrusion from a defect or atresia due to intestinal ischaemia.



748 Prenatal Diagnosis and Foetal Therapy

Predicting outcomes in foetuses with gastroschisis based on prenatal 
US findings remains a challenge. There is some evidence that maximum 
small bowel diameter may be predictive; however, thickened matted 
bowel and Doppler measurements of the superior mesenteric artery are 
not accurate predictors of outcome. To reduce the rate of third-trimester 
foetal loss, serial US scans are performed to monitor the development 
of bowel obstruction, and delivery at around 37 weeks is recommended, 
preferably at a centre with neonatal surgical expertise.
Tracheo-Oesophageal Fistula and Oesophageal Atresia 
Repair of tracheo-oesophageal fistula and oesophageal atresia (TOF/
OA) measures the skill of paediatric surgeons from trainee to inde-
pendent surgeon. The incidence of TOF/OA is estimated at 1 in 3,000 
births worldwide. Prenatally, the condition may be suspected from 
maternal polyhydramnios and absence of a foetal stomach bubble at 
the 20-week anomaly scan. Prenatal scan diagnosis of TOF/OA is esti-
mated to be less than 42% sensitive with a positive predicted value of 
56%. Additional diagnostic clues are provided by associated anomalies 
such as trisomy (13, 18, 21), the VACTERAL (vertebral, anorectal, 
cardiac, tracheo-oesophageal, renal, limbs) sequence, and CHARGE 
(coloboma, heart defects, atresia choanae, retarded development, 
genital hypoplasia, ear abnormality) association. These associated 
anomalies are present in more than 50% of TOF/OA cases and worsen 
the prognosis; thus, prenatal karyotyping is essential. Duodenal atresia 
may coexist with TOF/OA. The risk of recurrence in subsequent preg-
nancies for isolated TOF/OA is less than 1%. Delivery is advised to be 
at a specialised centre with neonatal surgical input. 
Gastrointestinal Lesions
The presence of dilated loops of bowel (>15 mm in length and 7 mm 
in diameter) on prenatal US scan is indicative of bowel obstruction.

Duodenal atresia has a characteristic “double-bubble” appearance 
on prenatal scan, resulting from the simultaneous dilatation of 
the stomach and proximal duodenum. The detection rate on a 
second-trimester anomaly scan is almost 100% in the presence of 
polyhydramnios and the double-bubble sign. Associated anomalies are 
present in approximately 50% of cases, with trisomy 21 most notably 
in 30% of cases, cardiac anomalies in 20%, and the presence of the 
VACTERL association.

The incidence of duodenal atresia is 1 in 5,000 live births worldwide 
The postnatal survival rate is >95% with associated anomalies, low 
birth weight, and prematurity contributing to the <5% mortality. 
Temporary delay in enteral feeding occurs due to dysmotility in the 
dilated stomach and duodenum.

There are many bowel abnormalities that may be noted on prenatal 
scanning (dilated bowel, ascites, cystic masses, hyperparistalsis, 
poyhydramnios, and echogenic bowel); however, none is absolutely 
predictive of postnatal outcome. Patients with obstruction frequently 
have findings (especially in the third trimester) of bowel dilatation, 
polyhydramnios, and hyperparistalsis, but US is much less sensitive 
in diagnosing large bowel anomalies than those in the small bowel. 
The large bowel is mostly a reservoir with no physiologic function 
in utero, so defects in this region, such as anorectal malformations or 
Hirshsprung’s disease, are very difficult to detect. Bowel dilatation 
and echogenic bowel may be associated with cystic fibrosis; therefore, 
all such foetuses should undergo postnatal evaluation for this disease. 
Prenatally diagnosed small bowel atresia does not select for a group 
with a worse prognosis, and survival rates are 95–100%.
Sacrococcygeal Teratoma 
Sacrococcygeal teratoma (SCT; Figure 123.7) is the most common 
neonatal tumour, affecting 1 in 35,000 to 40,000 births worldwide. Four 
types of SCT have been defined:

Figure 123.5: Exomphalos.

Figure 123.6: Gastroschisis.

Figure 123.7: Sacrococcygeal teratoma (left: MRI).

Type 1: External tumour with a small presacral component.
Type 2: External tumour with a large presacral component.
Type 3: Predominantly presacral with a small external component.
Type 4: Entirely presacral.

Types 3 and 4 carry the worst prognosis due to delay in diagnosis 
and malignant presentation. Doppler US is the diagnostic tool; however, 
foetal MRI provides a better definition of the intrapelvic component. 
SCT is a highly vascular tumour, and the foetus may develop high 
cardiac output failure, anaemia, and ultimately hydrops, with a mortality 
of almost 100%. Foetal treatment of tumour resection or ablation of the 
feeding vessel has been attempted in hydropic patients. Caesarean 
section may be offered to patients with large tumours to avoid the risk 
of bleeding during delivery. Postnatal outcomes following surgery in 
type 1 and 2 lesions are favourable; however, type 3 and 4 tumours may 
present with urological problems and less favourable outcomes. Long-
term follow-up with alpha foetoprotein and serial pelvic US scans are 
mandatory to exclude recurrence of the disease.
Renal Anomalies
Urogenital abnormalities are among the most common disorders seen in 
the perinatal period, accounting for almost 20% of all prenatally diag-
nosed anomalies. The routine use of antenatal US scans has resulted in 
the early detection of these conditions, and in selected cases this has 
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led to the development of management strategies including foetal inter-
vention aimed at preservation of renal function. Two major issues are 
the indications for intervention in bladder outlet obstruction and early 
pyeloplasty in infancy in cases with hydronephrosis.

Prenatal evaluation of a dilated urinary tract is based on serial US 
scans as well as measurement of urinary electrolytes. US provides 
measurements of the renal pelvis, assessment of the renal parenchyma, 
and the detection of cysts in the cortex. In severe disease, lack of amniotic 
fluid may make US assessment of the renal tract difficult, and MRI may 
be helpful. Oligohydramnios is indicative of poor renal function and 
poor prognosis due to the associated pulmonary hypoplasia. Urogenital 
anomalies coexist with many other congenital abnormalities, and 
amniocentesis should be offered in appropriate cases. It is estimated that 
3% of infants will have an abnormality of the urogenital system and half 
of these will require some form of surgical intervention. 
Upper Urinary Tract Obstruction
Antenatal hydronephrosis is present in 0.6–0.65% of pregnancies. The 
most common cause of prenatal hydronephrosis is pelviureteric junc-
tion (PUJ) obstruction; others include transient hydronephrosis, physi-
ological hydronephrosis, multicystic kidney, posterior urethral valves, 
ureterocoele, and ectopic ureter. The prognosis of antenatally diagnosed 
hydronephrosis in unilateral disease and with renal pelvic diameter 
of <10 mm is excellent. Spontaneous resolution is noted in 20% of 
patients at birth and 80% at 3 years of age. Only 17% of prenatally 
diagnosed hydronephrosis cases need surgical intervention. 
Lower Urinary Tract Obstruction 
Posterior urethral valves (PUVs; Figure 123.8) are the most common 
causes for lower urinary tract obstruction in boys, with an incidence 

Figure 123.8: US scan (left) and MRI (right) of posterior urethral valves.

of 1 in 2,000 to 4,000 live male births worldwide. The diagnosis of 
PUV is suspected on a prenatal US finding of bilateral hydronephro-
sis associated with a thickened bladder and decreased amniotic fluid 
volume. Serial foetal urine analysis may provide prognostic informa-
tion on renal function. Prenatal diagnosis for patients with PUV is a 
poor prognostic sign, with 64% incidence of renal failure and transient 
pulmonary failure, compared to 33% in postnatally diagnosed patients. 
Pulmonary hypoplasia secondary to oligohydramnios largely contrib-
utes to the morbidity and mortality from foetal urethral obstruction. 
Outcomes of foetal intervention with vescicoamniotic shunting or foe-
tal cystoscopic ablation of the urethal valve are still under review and 
await a multicentre trial.

1. The boundaries of paediatric surgical practice have been 
extended by prenatal diagnosis. 

2. The care of patients with surgically correctable defects can 
now be planned prenatally with the collaborative effort of 
obstetricians, geneticists, neonatologists, and paediatric 
surgeons.

3. Understanding the specific surgical condition’s prenatal natural 
history is essential.

Key Summary Points

4. Prenatal diagnosis has its limitations.

5. Associated anomalies need to be detected.

6. Understanding the risks and indications of foetal intervention 
programmes and postnatal outcomes is essential.

7. Prenatal counselling is an essential component of paediatric 
surgical practice and should be ensured in the training 
programme for future paediatric surgeons.
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CHAPTER 124
Conjoined and parasitic Twins

Alastair J.W. Millar 

Introduction
The birth of conjoined twins has always fascinated mankind, with the 
public’s view of malformed children greatly influenced by the prevailing 
culture and religious beliefs. In prehistoric times, conjoined twins were 
depicted in cave drawings, on pottery, or as figurines. In folklore, they 
were often regarded as an omen of impending disaster, eliciting strong 
emotions ranging from wonder and admiration to rejection and hostility. 
Although malformed children were treated compassionately at times, 
historical records show that infanticide was frequently practiced and the 
mother was often held responsible for causing the malformation. 

Demographics
Although the worldwide incidence of monozygotic twinning is the 
same in all ethnic groups, the incidence of conjoined twins appears 
to be higher in sub-Saharan Africa, ranging from 1 in 50,000 to 1 in 
100,000 live births, or 1 in 400 monozygotic twin births. The natural 
history that follows a prenatal diagnosis of conjoined twins confirms 
that a large number of infants die either in utero (28%) or immediately 
after birth (54%); in fact, only around 20% survive.

Aetiology and Pathophysiology 
Conjoined twins are monozygotic, monoamniotic, and monochorionic. 
They are always of the same gender, with a 3:1 female preponderance. 
Their formation results either from failure of separation of the embry-
onic plate between 15  and 17 days gestation, or from secondary union 
of two separate embryonic discs at the dorsal neural tube or ventral yolk 
sac areas at 3 to 4 weeks gestation. 

Spencer’s extensive embryological studies appear to favour the 
latter theory, but this remains controversial. Although genetically 
identical, one of the conjoined twins is almost always weaker or smaller 
than the other and may have additional congenital defects. These twins 
also develop dissimilar personalities from an early age. Conjoined 
twins are individual and deformed but symmetrical and proportional. 

Classification 
Conjoined twins are always joined at homologous sites, and the clinical 
classification is based on the most prominent site of union, combined 
with the suffix “pagus” meaning “that which is fixed”. There are eight 
recognized configurations, as shown in Figure 124.1: thoracopagus 
(chest), omphalopagus (umbilicus), pygopagus (rump), ischiopagus 
(hip), craniopagus (cranium), parapagus (side), cephalopagus (head), 
and rachipagus (spine).

Conjoined twins can be further described as symmetrical or 
asymmetrical. Asymmetrical, or incomplete, conjoined twins result 
from the demise of one twin with remnant structures attached to 
the complete twin, with the junction remaining at or near one of 
the common sites of union (Figure 124.2). Fetus-in-feto refers to 
asymmetrical monozygotic diamniotic intraparasitic twins. Conjoined 
triplets are exceptionally rare, and their pathogenesis remains even 
more obscure.

Figure 124.2: Asymmetric ischiopagus tetrapus twins with an anencephalic 
parasite but extensive perineal conjunction.

Figure 124.1: Different types of conjoined twins described according to their 
site of conjunction: (1) thoracopagus, (2) omphalopagus, (3) pygopagus, (4) 
ischiopagus tetrapus (four legs), (5) craniopagus, (6) paragagus dipus (two 
legs), (7) cephalopagus, (8) rachipagus. 

	  

Management 
This section includes descriptions of the lessons learned at one hospital 
over a period of 42 years, supplemented by a literature review. These 
descriptions encompass prenatal diagnosis, obstetric intervention, special 
investigations, postnatal management, anaesthetic considerations, and 
surgical strategies, with the major focus on thoracopagus conjunction.
Prenatal Diagnosis
In developed countries, antenatal diagnosis is usually made by ultra-
sound (US) scan. Once the diagnosis is suspected, echocardiography 
and ultrafast foetal magnetic resonance imaging (MRI) may be used to 
confirm the diagnosis. The mother is referred for advice either to plan 
the mode of delivery because of obstetric implications or for consid-
eration of termination of the pregnancy with the attendant ethical and 
moral considerations. 
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Figure 124.3 (A) A set of thoraco-omphalopagus twins with typical cervical 
extension position. (B) Another set of conjoined twins with similar conjunction, 
at postmortem. Note the single conjoined heart (cause of death) and extensive 
hepatic fusion with separate gastrointestinal tracts (GITs).

Diagnosis has been made as early as the 9th week of gestation. 
Diagnostic US criteria for conjoined twins include the relative fixed 
position of the two foetuses. These may be facing each other, as in 
thoracopagus, with hyperextension of the cervical spine. Continuity of 
the skin and mirror-image body parts with limbs close together may 
be noted. The presence of a single heart and fused liver, fused spine, 
or even absence of a limb in tripus cases would confirm the diagnosis. 
Obstetric Intervention
The birth of conjoined twins is often unexpected, resulting in obstruc-
tive labour with difficult transvaginal delivery or emergency caesar-
ean section (CS). These complications can be avoided by planned 
CS at 36 to 38 weeks gestation, once the foetal lungs have reached 
maturity. The high rate of stillbirths and dystocia support planned 
CS. Children weighing less than 3 kg, including thoracopagus and 
ischiopagus conjunction, have been born vaginally. Most children 
born normally do not sustain any damage to the connecting sites 
(bridges), except where there is an omphalocoele associated with 
thoraco-omphalopagus conjunction. Rupture of the exomphalos and 
evisceration of liver and bowel may occur. Maternal mortality during 
labour has also been reported.

Ideally, the immediate perinatal management of the babies is also 
planned, and in one case in which a twin with a normal heart perfused 
the co-twin with a rudimentary heart, the ex utero intrapartum treatment 
(EXIT) procedure was utilised due to concern that the normal twin 
would suffer immediate cardiac decompensation at birth. This EXIT to 
separation strategy allowed prompt control of the airway and circulation 
before clamping the umbilical cord and optimised management of a 
potentially lethal situation with survival of the normal twin. 

Once born, the twins should be referred for appropriate investigation 
and surgical management. The therapeutic options to be considered 
range from conservative, nonsurgical management to emergency or 
planned surgery (see next subsection). 
Special Investigations 

Investigations should be directed towards identifying the anatomy 
of conjunction and consequently the viability of separation. The areas 
of fusion largely determine the imaging modalities chosen. Skeletal 
surveys, echocardiography, US, computed tomography (CT), MRI, 
and angiography provide excellent anatomical detail, demonstrating 
organ position, shared viscera, and vascular anatomy. Contrast imaging 
evaluates the gastrointestinal and urinary systems, and endoscopy is of 
further help in the urogenital assessment. Radioisotope scanning can 
assess regional perfusion fields. 

Twins with no reasonable chance of survival, largely due to cardiac 
anomalies incompatible with life, and those with irreversible postnatal 
diseases such as necrotising enterocolitis totalis, should receive only 
palliative treatment and are not considered for separation. Where 
separation is clearly not possible without the inevitable death or 
unacceptable mutilation of both twins, it is perfectly reasonable to 
accept this situation and to provide counselling and all possible support 
for their future growth and development. 

Emergency surgery is indicated when there is damage to the 
connecting bridge or when correctable anomalies threaten the survival 
of one or both twins and there is the possibility of saving at least one 
of the twins. Elective surgery is best scheduled for when the infants 
are thriving and all investigations have been completed, providing a 
comprehensive and functional description of normal and fused anatomy. 
Improved survival rates for conjoined twins are due to advances in 
perinatal and postnatal diagnostic techniques, meticulous interpretation 
of the special investigations, and correct anaesthetic and surgical 
management carried out by an experienced multidisciplinary team. 
The anatomical configurations encountered are often complex, with 
unexpected anatomic variations frequently identified during surgery 
despite all the extensive preoperative investigatons (Figure 124.3).

System Evaluation

Cardiorespiratory

Electrocardiogram (ECG)

Echocardiography/Doppler ultrasound

MRI/CT with contrast

Angiogram

Alimentary tract

Contrast meal and enema

Ultrasound

Radioisotope scans (liver); technetium Tc99m-(Sn) 
colloid and excretion Tc99m mebrofenin

Radioisotope scintigraphy

Genitourinary

Ultrasound

Isotope renography

Micturating cystourethrography

Genitogram

Skeletal system

Radiography

MRI (spinal cord)

Ultrasound

Vascular
Doppler ultrasound

Angiography

Cross-circulation Radioisotope scan Tc99m-DMSA

Table 124.1: Evaluation of conjoined twins.

(A) (B)

Many examples exist of conjoined twins living full and productive 
lives without separation. The case for this acceptance is most eloquently 
made in the book One of Us by Alice Dreger.

The investigations used to fully evaluate conjoined twins are listed 
in Table 124.1. Prior meticulous clinical examination is conducted with 
necessary examination under anaesthetic and placement of catheters for 
later contrast radiological studies.
Postnatal Management
Immediate postnatal management consists of resuscitation and stabili-
sation of the twins. This is followed by a thorough physical examina-
tion with special investigations to define the relevant anatomy. If emer-
gency surgery is anticipated, all twins should undergo echocardiogra-



752 Conjoined and Parasitic Twins

phy and plain roentgenography, which provide limited but essential 
information. The site of conjunction will determine the type and order 
of special investigations. The information obtained will determine the 
surgical approach, the timing of separation, the allocation of organs and 
structures, and the eventual prognosis regarding survival and functional 
outcome. Important structures to evaluate are the cardiac, hepatobiliary, 
intestinal, urogenital, and spinal systems. The use of diagrams, three-
dimensional (3D) organ models, and surgical rehearsal of the procedure 
will ensure the best possible outcome. Despite all these investigations 
and careful analysis of findings, however, preoperative interpretation 
may still be difficult, with incorrect conclusions drawn.

Emergency separation has resulted in up to a 70% mortality rate 
compared to 20% for elective procedures, emphasizing the need to 
stabilise the infants initially and to postpone surgery until the basic 
investigations have been completed. In the author’s experience, 
emergency surgery was necessary to alleviate intestinal obstruction, 
to treat necrotising enterocolitis, to manage a ruptured exomphalos, 
and for deteriorating cardiac-respiratory status threatening survival 
of one or both twins. Delaying separation into early childhood may 
result in increased postnatal deformities and psychological problems. 
If separation is possible and desirable, surgery should be performed 
within the first 6 to 9 months, before the twins develop an awareness of 
their condition. Motor skills, sensory integration, and personality need 
to develop in separated twins.
Anaesthetic Considerations
Anaesthesia for separation of conjoined twins is a complex, demanding 
procedure that is facilitated by having two colour-coded anaesthetic 
teams representing each child. The author’s experience has highlighted 
the following anaesthetic considerations. The infants are often pre-
mature with pre-existing cardiac and pulmonary dysfunction, and 
the induction of anaesthesia is often compromised by the abnormal 
positions and proximity of the twins. During surgery, difficulties with 
vascular access, haemodynamic stability, and temperature control can 
be considerable.

To maintain haemodynamic stability, blood volumes transfused may 
range from 10% to 450% of the estimated blood volume. Blood loss can 
be especially extensive in thoracopagus and ischiopagus separations, 
and relative changes in position of the two infants during surgery 
lead to significant shifts in blood volumes. Due to cross-circulation, 
pharmacokinetics and pharmacodynamics are inconsistent, especially 
in thoracopagus twins, and altered drug responses must be expected. 
Anticipated postseparation problems include respiratory insufficiency, 
haemodynamic instability, fluid balance, temperature control, sepsis, 
wound closure difficulties with staged closure if necessary, and residual 
organ dysfunction.
Surgical Strategies
The first successful surgical separation took place in 1689 and more than 
1,200 cases had been reported in the literature by 2000. The surgical 
separation of conjoined twins presents a great challenge and undoubt-
edly requires a multidisciplinary team. An unequal external union, varia-
tions in internal anatomy, and discordant anomalies mandate thorough 
elucidation of the anatomy of conjunction before planning the surgical 
procedure required to separate and individualise the twins. 

Many descriptions of surgical procedures to separate the various 
types of conjoined twins have been published. Technical details are 
determined by the anatomy of conjunction, the allocation of sharing 
of organs and structures, and the planned reconstruction. Standard 
approaches are normally utilized, but variations may demand a novel 
surgical approach or alternative techniques. 

Major factors that will govern successful separation include the order 
of separation, the distribution of organs between the twins, meticulous 
aseptic surgical techniques, the reconstruction of divided organs and 
structures, and wound closure. It is also necessary to distinguish 

between structures that are shared by both twins and those belonging 
only to one individual. Allocation of shared organs usually involves 
the anus, rectum, genitourinary tract, lower spine, and spinal cord. 
Unexpected anatomical variations are often encountered, including 
previously unrecognised cardiac, gastrointestinal, hepatobiliary, spinal, 
and genitourinary anomalies. Operation time is prolonged with the 
separation of the more complex thoracopagus and ischiopagus twins, 
and is in the order of 7–13 hours and 13–19 hours, respectively. 

Skin closure 
Whenever there is extensive sharing of body surface areas (e.g., tho-
racopagus and ischiopagus), closure of the disconnected surfaces may 
pose major problems, especially when separation is undertaken as an 
emergency. Subcutaneous tissue expansion is used to provide tissue 
for reconstruction or closure where insufficient natural tissue exists 
(Figure 124.4). This allows for primary tension-free closure, thereby 
minimising respiratory and wound complications. Closure under ten-
sion is poorly tolerated, and it is preferred that the body cavities (both 
chest and abdomen, if necessary) are left open for later staged closure 
with plastic reconstruction using skin and muscle flaps or split skin 
grafting onto granulation tissue. Vacuum dressings may assist a more 
rapid healing, earlier grafting, and wound closure. Unfortunately, tis-
sue expansion is not always possible and has a nearly 60% incidence 
of complications due to factors such as placement over bony areas 
with little subcutaneous tissue, wound sepsis, and skin necrosis. Skin 
expanders must be correctly sited; placements are best tolerated in older 
infants. It takes 6 to 8 weeks to gain maximum advantage.

Figure 124.4: Tissue expanders inserted in omphalo-ischiopagus twins prior to 
separation (top) and the extensive open wound at separation (bottom). Wound 
closure is facilitated by use of the skin and tissue gained from the expanders 
and by posterior iliac osteotomies with medial rotation of the acetabular 
component and figure-of-eight suture of the symphysis pubis of each.

Cardiovascular system
Experience with 22 thoracopagus sets of twins has shown that evalua-
tion requires the use of every tool available—from clinical evaluation 
to angiography. The ECG is generally unreliable because two separate 
ECGs do not rule out significant sharing of cardiac structures. The main-
stay of the evaluation is echocardiography, generally best accomplished 
by a pair of investigators who meticulously double-check each other’s 
findings. The investigators may be left with apical and suprasternal 
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views only. Tracheo-oesophageal echo is frequently not possible, given 
the size of the infants. The newer multislice CT scanning and modern 
MRI machines will clearly have roles to play in future evaluations, 
despite the radiation exposure and the need for a general anaesthetic.

In the author’s experience, an MRI investigation resulted in 
“overcalling” ventricular sharing. Angiography under general 
anaesthetic may still be needed, but it remains a high-risk procedure 
with an unpredictable response to anaesthesia. In a set of twins with 
venous-pole sharing, induction of anaesthesia resulted in asystole 
in the twin with a myopathic ventricle, resulting in brain death and 
an emergency separation. Prior to separation, the surgeon may still 
not know the exact nature of venous connections, coronary arterial 
anatomy, the branching anatomy of the head and neck vessels, and the 
true size of the right ventricle. 

No twins with ventricular conjunction have ever been successfully 
separated with both twins surviving; however, there is a report of 
successful separation of thoracopagus twins with two normal hearts 
joined by a myocardial bridge. In a situation where one twin is acardiac 
or where the twins share ventricles, successful separation is impossible 
without sacrificing one infant. The chest wall and skin of the sacrificed 
twin are used to obtain skin cover and to create a firm structure to 
protect the protuberant fused single heart, as any dislocation of the 
heart from its natural position is likely to cause disturbance of function. 
All the main inflow and outflow vessels from the sacrificed twin have 
to be disconnected from the heart, and the whole cardiac complex is 
then assigned to the infant selected to survive. In two cases of infants 
surviving a sacrifice procedure, one survived 30 days and died from 
aspiration and the other is a long-term survivor of nearly 15 years. 
Subsequent reconstruction of the deformed chest is possible at a later 
stage. Thoracopagus conjoined twins may be classified according to the 
degree of cardiac conjunction.

Hepatobiliary system
The liver is shared in almost all ventral forms of conjoined twins. 
Ultrasound, CT scanning, and radio nucleotide scanning provide the 
best overall picture of hepatic conjunction, the biliary drainage system 
including the gallbladder, and configuration of the pancreas. For suc-
cessful hepatic division, each liver has to have an inferior vena cava 
to its own heart. Hepatic conjunction is along an oblique plane, and 
venous connections may consist of a labyrinth of small venous channels 
that may bleed excessively during surgery. In the author’s experience, 
hepatic division has always been possible. Cardiac disconnection must 
be accomplished before hepatic division because a large volume of 
blood can circulate through the liver, creating a false impression that 
both hearts are able to sustain independent life. The anatomy of the 
extra hepatic biliary system (EHBS) needs to be confirmed, which may 
require intraoperative cholangiography. Two gallbladders do not always 
equate with two EHBSs, especially if there is fusion of the proximal 
duodenum, which may be demonstrated by upper contrast radiography. 
However, two gallbladders and two duodenums usually indicate two 
separate extrahepatic bile ducts. Bile drainage is imperative, and in the 
presence of a single EHBS, one twin should be allocated the EHBS, 
while every attempt should be made to establish bile drainage through 
a Roux-en-Y hepaticojejunostomy in the other twin. Anatomically, the 
pancreas belongs to the duodenum, and is best left with the EHBS.

Gastrointestinal system
The intraabdominal gastrointestinal tract is frequently shared in ventral 
and caudal types of junction and usually follows one of two patterns. In 
the first, duodenal junction is often encountered in thoracopagus twins. 
The junction can extend distal to the duodenum and involve the upper 
small bowel up to the level of Meckel’s point, where it divides again 
into two separate distal ilea. The second type of GIT sharing (ileocolic 
or, rarely, only colonic) is commonly encountered in ischiopagus twins. 
The single ileocolon, resembling a conjoined organ, opens into a single 

anus. A double blood supply may facilitate longitudinal division of the 
colon, thus preserving an anatomically normal or foreshortened colon 
for each child. Alternatively, one child can be allocated the ileocecal 
valve and the other the anus, with both sharing the divided colon. 
Pygopagus twins always have a common anal canal. It is the author’s 
practice to reconstruct the anorectal region at the time of primary divi-
sion. A previously placed colostomy, however, demands a different type 
of allocation and reconstruction. 

Urogenital tract 
Complex and variable urogenital abnormalities accompany pelvic 
fusion and are restricted to symmetrical and asymmetrical ischiopagus 
and pygopagus twins. These abnormalities are less commonly seen in 
thoracopagus conjunction. The incidence of shared pelvic organs is on 
the order of 15% for pygopagus to 50% or more for ischiopagus twins. 
An unobstructed continent urinary system with a physically acceptable 
and functional genital system is the primary goal. Essential in the work-
up of urogenital abnormalities are genitourinary US, isotope renogra-
phy, micturating cystourethrography, and endoscopy. 

The kidneys may vary in number, size, ectopia, degree of fusion, 
and the course of the ureters. Most ischiopagus twins have four kidneys 
and two bladders, with one ureter crossing to the ipsilateral and one 
to the contralateral bladder. One or two bladders may be present, 
lying side by side or fused in the midline with one draining into the 
other. In most cases, despite these variations, a functional bladder can 
be reconstructed. The presence of spinal fusion in its various forms 
complicates the situation by introducing a neuropathic element into the 
behaviour of the bladder, which has a significant influence on future 
management. Crucial decisions regarding assignment are therefore 
required when shared organs that cannot be divided are present. 

The genital pattern varies widely, and every effort should be made 
to achieve functional reconstruction, which may require an individual 
approach. In females, urogenital sinuses or even cloacal abnormalities 
are often present, requiring careful consideration during division, 
allocation of organs, and reconstruction. In males, the status of the 
external genitalia, urethra, and testes are important. Twins with two 
sets of external genitalia can undergo successful separation; secondary 
reconstructive genitoplasty may be required if only one set of external 
genitalia is present. Staged procedures may be required to achieve 
optimum outcome. 

Central nervous system
Neurosurgical interest in conjoined twins has tended to focus on cra-
niopagus twins, who comprise only 2–6 % of all conjoined twins but 
present some of the greatest challenges in separation. A recent review 
proposes a practical four-category classification based on the angle of 
union (vertical or angular) and the degree to which the dural venous 
sinuses are shared. Conjoined cerebral tissue may present an important 
technical challenge, but preservation of the venous drainage of the 
brain has emerged as one of the most critical determinants of outcome 
following separation. Various surgical approaches have been reported. 

Bony abnormalities of the spine, such as haemivertebrae remote 
from the area of conjunction, put twins at risk for progressive spinal 
deformity and scoliosis after separation.

Musculoskeletal system
The orthopaedic surgeon is predominantly involved early in the separa-
tion of ischiopagus twins. Three-dimensional reconstruction CT of the 
pelvis is most helpful in ascertaining the anatomical configuration of 
the pelvic ring and the possible junction of the vertebral columns. In 
ischiopagus twins, the conjunction is at the pelvis with the twins lying 
on their backs. The legs of each of the twins are widely separate with 
the hips at right angles to the median plane. Diastasis of the pelvis is due 
to external rotation of the posterior segment. Posterior osteotomies of 
the iliac bones allow for medial rotation of the acetabula and symphy-
sis pubes, which restores the whole pelvic ring into normal alignment 
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and facilitates anterior abdominal wall closure and urogenital closure, 
rendering stability to the perineum. Although osteotomy rarely prevents 
rediastasis of the symphysis pubis, it helps early reconstruction of the 
pelvic anatomy and corrects acetabular retroversion to anteversion. The 
commonly encountered postoperative flexion deformities of the hips of 
30°–50° usually resolve within 6 months. Associated with ischiopagus 
twins are spinal and cord abnormalities and lower limb abnormalities 
in nearly two-thirds of cases. Correction of the pelvic abnormalities 
ensured that all six ischiopagus children operated on at the author’s 
institution became community walkers. 

Separation of asymmetric heteropagus twins requires the same 
detailed investigative approach and may also be a considerable surgical 
endeavour, but only one patient is at risk and thus skin cover can be 
supplied from the parasite and any organ conjunction is divided in 
favour of the autosite. 

As mentioned previously, children with hemivertebrae, asymmetrical 
or diminutive chest cavities, and even those with caudal junction 
are prone to develop scoliosis. Progressive scoliosis in nonparalytic 
patients will not affect the hips—it is more a cosmetic deformity or 
affects respiratory capacity. Long-term follow-up is mandatory because 
rotational abnormalities, contractures, and dislocation of the hips, 
together with progressive scoliosis, can occur.

Postoperative Management
Cardiovascular and respiratory failures remain the most frequent causes 
of death in the immediate postoperative period. Further operations may 
be required for secondary wound closure or dehiscences and skin graft-
ing. There is also hidden long-term morbidity and mortality. A number 
of infants have died later from factors such as unresolved aspiration 
from gastro-oesophageal reflux, bronchopneumonia aggravated by poor 
diaphragmatic function (particularly with thoracopagus), cerebral anoxia, 
gastroenteritis, urinary tract infections, biliary sepsis, and even malaria.

Prognosis and Outcomes 
Inevitably, the ultimate prognosis will depend on the state of the con-
joined organs and the potential for successful separation. Tragically in 
some, separation will not be possible. Detailed preoperative assessment 
is essential to determine the best surgical approach, reconstruction 
methods, and ultimate outcome. Despite successful separation, some 
children are left crippled and disabled, requiring lifelong follow-up 
and care. The overall survival for symmetrical twins is 33.3%, but it 
is 64.7% for those who underwent surgery. Emergency surgery had a 
dismal outcome with only around 33% surviving. Asymmetrical sepa-
ration had a 92% survival rate. 

Prevention 
Better preconceptual maternal nutrition with folic acid supplementa-
tion is likely to reduce the incidence as it has the incidence of twinning 
abnormalities and spina bifida. If the diagnosis is made antenatally, 
then the decision to terminate the pregnancy may be taken after detailed 
evaluation and counselling.

Ethical Issues 
Ethical considerations, which need to reconcile the best options for the 
twins and their parents, are playing an increasing role in present-day 
decision making. The sacrifice of one twin due to the inability to sustain 
life alone is the controversy that evokes the most anguish. The decision 
on whether to operate is rendered more complex by those surviving 
conjoined twins who consciously elect not to be separated and report that 
they have lived socially acceptable lives. Equal controversy surrounds 
those few conjoined twins who have survived to adulthood and then 
decide that separation should be attempted despite the operative risks and 
the potential for significant long-term morbidity as separate individuals. 

Being conjoined does not necessarily negate individual development. 
Religious views may support only minimal surgical interference, 
especially when one twin has a high risk of dying at surgery. “We 
cannot accept one baby must die so that the other one may live. It is not 
God’s will”, which differs from the legal opinion “Why I must order 
twin baby to die”—both quotations were recorded in the press in a case 
in the United Kingdom when parents did not give consent to separation 
but doctors asked for legal support for separation. In the words of Eliza 
Chulkhurst, one of the most famous conjoined twins of the premedical 
era, “As we came together, we will also go together”.  

From a practical point of view, the Great Ormond Street Ethical 
Guidelines for Conjoined Twin Separation have been widely accepted:
• Where separation is feasible with a reasonable chance of success, it 
should be carried out. 

• When surgery is not possible, custodial care should be offered and 
nature allowed to take its course. 

• Where one twin is dead or has a lethal abnormality and cannot sur-
vive independently from its normal twin and if unoperated both twins 
could die, separation to save the healthy twin should be attempted. 

1. Conjoined twins are usually symmetrical, of the same gender, 
and, in addition to the areas of conjunction, have an increased 
incidence of other congenital malformations.

2. Separation should be delayed for several months after birth, if 
possible.

3. Separation is not always possible nor indeed mandatory.

4. Success is achieved with meticulous attention to detail with a 
multidisciplinary team approach.

5. Long-term follow-up is always required to manage, in particular, 
musculoskeletal deformity and urogenital anomalies.

6. Expertise around the world can and should be shared.

Key Summary Points

I acknowledge huge contributions of the teams of surgeons,
anaesthetists, intensivists, nurses, social workers, physiotherapists
and occupational therapists who, over the last 50 years, have so
successfully managed our series of patients at the Red Cross War
Memorial Children’s Hospital in Cape Town. Separation surgery was
pioneered at this hospital by Sidney Cywes and Jannie Louw and 
continued by my colleague Heinz Rode.
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CHAPTER 125

Otorhinolaryngology 
Frank Agada 
Manali Amin 

Andrew Coatesworth 

Introduction
This chapter covers the common diseases of the ear, nose, and throat 
(ENT). The aim is to present a brief but practical insight into the com-
mon childhood otorhinolaryngology (ORL) diseases in Africa. ORL 
diseases are among the least understood in Africa because ORL does 
not feature prominently in the syllabus of many medical schools, and 
many countries have only a handful of practicing ORL specialists.1–3 It 
is therefore important to highlight common problems that can be treated 
by the paediatric surgeon in the absence of an ENT specialist. 

EAR
Hearing Assessment
Assessment of hearing in a young child can be challenging. Otoacoustic 
emissions (OAEs) and auditory brainstem response (ABR) are objec-
tive tests, which require little to no interaction from a child. OAE is 
used routinely in newborn screening in most developed countries, but 
for most African countries, the challenge is obtaining resources and 
funding for such programs. In the absence of such universal screening 
programs, practicing clinicians in Africa depend on behavioural hearing 
tests, which are subjective and generally not possible prior to the age of 
6–7 months. Behavioural hearing tests include:
• Distraction testing: A frequency-specific sound is presented to the 
child. The child is observed for head turning. This test is inexpen-
sive and quick, when compared to visual reinforcement audiometry, 
which is also a variant of the distraction test.

• Visual reinforcement audiometry (VRA): A sound is presented in 
the environment or through earphones or headphones. The child is 
observed for a response and is rewarded with a lighted toy when he 
or she responds. 

• Conditioned play audiometry (CPA): A child is nonverbally instruct-
ed to wait, listen, and respond with a repetitive task when he or she 
hears a sound. The response is a play task, such as placing blocks 
in a box. 

• Conventional audiogram: An auditory stimulus is presented through 
headphones, and the child is asked to raise the hand on the side of 
the sound presentation. 

Conductive Hearing Loss 
Once a conductive hearing loss (CHL) has been identified, its aetiology 
may be determined. In cases of cerumen impaction and foreign bodies, 
removal of the offending object will resolve the problem. 

Otitis media
Otitis media (OM) is the leading cause of hearing loss in African 
children.4–5 OM presents with pain, fever, chills, perforation of the tym-
panic membrane, and drainage. A higher prevalence is seen in males 
and in young children (birth to 5 years of age). 6 

The organisms responsible for OM vary, depending on the region 
and the human immunodeficiency virus (HIV) status of the child: 
• Nigeria, HIV-negative children: Streptococcus, Klebsiella, and 

Pseudomonas

• Nigeria, HIV-positive children: Klebsiella, Proteus, Staphylococcus, 
and Pseudomonas

• Sudan: Proteus, Klebsiella, Staphylococcus aureus, Pseudomonas, 
and Escherichia coli 
In developed countries, day care attendance, exposures to second-

hand smoke, and adenoid hypertrophy are often correlated with 
high rates of OM. In West African countries, low social status and 
malnutrition are more highly correlated with developing chronic OM.7 
Without treatment, OM may result in significant morbidity and even 
mortality. 

Treatment of OM consists of (1) removing otorrhea with suctioning, 
wicking, or irrigations, and (2) topical antimicrobials and antiseptics if there 
is fluid/inflammatory changes in the ear canal; (3) systemic antibiotics. 
Surgical treatment, such as a tympanomastoidectomy, may be required 
with acute infections that have resulted in mastoiditis and in chronic 
infections that do not respond to antibiotic therapy. “Ear camps” have been 
established in Namibia and other countries to help with treatment. 

Prevention of OM infections may be accomplished through 
widespread use of vaccinations, improving nutrition, and increasing 
education and health care access. 

Otitis externa
Otitis externa (OE) is inflammation of the external auditory canal. It 
presents with otalgia, otorrhea, itching, and CHL. In addition to the 
bacterial aetiologies mentioned above, OE may also be caused by fun-
gal infections. Malnourished children and males are at higher risk of 
developing otomycosis.8 In Nigeria, the most commonly isolated fungi 
are Aspergillus species, Candida, and Mucor. 

Treatment consists of debridement and application of 1% clotrimazole 
cream.9 Bacterial OE is generally treated with suctioning of the ear 
canal as well as topical and occasionally systemic antibmicrobials. 
Malignant OE, a condition typically seen in diabetic patients, is 
sometimes seen in malnourished, nondiabetic children younger than 2 
years of age.10 Malignant OE is considered a medical emergency and 
should be treated aggressively with debridement and intravenous (IV) 
antibiotic therapy. Left untreated, it may result in death. 

OE may be prevented in some instances by keeping fingers and 
objects out of the ear canal, as local trauma may introduce bacteria into 
the skin. 

Congenital anomalies
Less common reasons for a CHL include congenital anomalies. 
Congenital malformations of the ear can include one or multiple parts 
of the ear and are dependent upon the timing of the insult, which results 
in arrested development during embyrogenesis.
Microtia
Microtia is evident upon examination at birth and is variable in pre-
sentation. In its mildest form, a fully developed ear is present, but it is 
noted to be smaller in size than the opposite, normal ear. In its extreme 
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forms, only a small rudimentary skin tag or no ear (anotia) is present. 
Microtia and anotia are often associated with auditory canal atresia or 
stenosis, varying degrees of ossicular malformation, and CHL. In utero 
exposures to thalidomide, retinoid, and mycophenolate mofetil, among 
other agents, have been implicated.11–12 Microtia is more commonly 
seen in males and more often affects the right ear in unilateral cases. 
It results in a CHL, which can significantly impact a child’s ability to 
develop socially and academically. Nonsurgical options include sign 
language and/or bone conduction hearing aids. Surgical options are 
a bone-anchored hearing aid (BAHA) or atresia repair with ossicular 
reconstruction. Prior to consideration of aural atresia repair, a computed 
tomography (CT) scan to evaluate the anatomy and an audiogram to 
confirm the existence of cochlear function are recommended. 
Ossicular malformations
While microtia, anotia, and canal atresia are evident on physical 
examination, ossicular abnormalities cannot be identified without high-
resolution CT scan imaging. Isolated ossicular abnormalities must be 
considered in an individual with CHL and no evidence of middle ear 
dysfunction. The ossicles begin to develop at around 5 weeks gestation-
al age and are usually completed by 24 weeks. Of the three ossicles, the 
stapes is most likely to be affected because its development occurs over 
a longer time period than the malleus and incus. Nonsurgical treatment 
involves hearing aids. If the canal is patent, a conventional hearing aid 
may be used. Surgically, the ossicular chain may be reconstructed. 

Sensorineural hearing loss
Sensorineural hearing loss (SNHL) continues to remain a challeng-
ing problem for most developing countries. It may be congenital or 
acquired, hereditary or nonhereditary, and syndromic or nonsyndromic. 

Genetic mutations, intrauterine exposure to viruses, intrauterine 
exposure to toxoplasma gondii, and perinatal anoxia are a few of the 
identifiable aetiologic agents for congenital hearing loss. Acquired 
losses are often the result of bacterial meningitis and cochlear 
ossification. Meningococcal meningitis epidemics have been reported 
in parts of Africa with subsequent SNHL noted in 25% of the cases.13 

Children with a hearing loss may appear socially disinterested and 
lag behind their peers in the development of speech and language skills. 
The prevalence of childhood SNHL has been reported to be as high as 
14%;14 however, the prevalence is likely to be much higher. Given the 
limited health care resources in Africa, diagnosis is often delayed and 
sometimes not made at all. 

Treatment depends upon the severity of the hearing loss. With a mild, 
unilateral hearing loss, no treatment may be needed. Amplification with 
conventional hearing aids is helpful for many losses. In the case of 
bilateral profound hearing loss, a child should be taught sign language. 
Cochlear implantation is an alternative, but not one that is readily 
accessible for most African children. 

In the developing world, emphasis must be placed on early diagnosis 
of hearing loss and prevention. Some countries are advocating universal 
hearing screening of newborns.14 More important, prevention of 
acquired causes of hearing loss may be implemented in the short term. 
Widespread immunisation against viruses such as measles, mumps, and 
rubella would help to curb some of the viral causes of SNHL. Similarly, 
education regarding hygiene and proper handling and cooking of meats 
may help decrease the incidence of congenital toxoplasmosis, one of 
the causes of SNHL. 

Nose
Nasal Airway Obstruction in the Infant
Presentation
Infants are obligate nasal breathers up to approximately 6 months of 
age; therefore, nasal obstruction can be life threatening. Infants may 
present with difficulty feeding, stertor, cyanosis, and apnoea. If purulent 
secretions are also present, an infectious aetiology may be suspected. 

Diagnosis
Examination may be completed by placing an otoscope in the nostrils. 
A quick examination of airflow may be accomplished by placing a 
small mirror beneath each nostril. In addition, a suction catheter may 
be placed through each nostril to confirm patency of the choanae. A 
flexible nasopharyngoscope, if available, can be used for a more com-
prehensive examination. 

Differential diagnosis and treatment
A diagnosis of rhinitis of infancy and gastroespophageal reflux 
disease (GERD) may be considered in the absence of anatomic 
abnormalities, purulent discharge, or cough. Treatment is with a short 
course of topical decongestants or topical steroids. Improvement in 
symptoms with H2-blocker or proton pump inhibitor therapy supports 
the diagnosis of GERD. 

Infections are characterised by rhinorrhea, fevers, and cough. Clear 
secretions suggest viral infection. Purulent secretions are often bacterial. 
Chlamydia in the newborn period presents with congestion, purulent 
nasal discharge, and cough in the absence of a fever. If chlamydial 
infection is suspected, the child should be treated empirically with 
a macrolide antibiotic. In contrast, congenital syphilis presents with 
clear, watery rhinorrhea and may be diagnosed with serologic testing. 
If diagnosed, the child should be treated with penicillin. 

Choanal atresia (CA) has been reported to have an incidence of 1 
in 3,100 in certain parts of Northern Africa.15 An atresia may be bony, 
membranous, or a combination of both. Unilateral atresia is more 
common than bilateral (Figure 125.1). CA may be suspected in a child 
in whom no airflow is noted on a mirror placed under the nostril and in 
whom a catheter does not pass through the nostril. Definitive diagnosis 
is made with flexible endoscopy and CT scanning. Temporising 
measures include placement of an oral airway or intubation. In the 
long run, surgical correction is recommended. CA may be corrected 
through an endoscopic approach or a transpalatal approach. Intranasal 
stents are placed postoperatively to prevent stenosis. Stents must be 
cleaned meticulously to keep them open during the healing period. This 
involves use of nasal saline and suctioning. Revision procedures are 
sometimes needed to keep the choanae patent.

Figure 125.1. Bilateral choanal atresia.
Source: With kind permission of Dr. Bruce Benjamin, University of Sydney, Australia.
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Pyriform aperture stenosis (PAS) is less common than CA. It 
is a narrowing of the nostril anteriorly at the pyriform aperture. It 
may be seen with other anomalies, notably holoprosencephaly and 
megaincisors. The stenotic region may be visible with an otoscope or 
flexible endoscope. If a catheter can be passed through the stenotic 
segment, it will pass into the nasopharynx. Definitive diagnosis is on 
CT scanning. A temporising measure is placement of a nasal airway. In 
some cases, a child with this anomaly may be observed expectantly—
the child can be observed indefinitely and with growth will have a large 
enough nasal airway to not require surgical intervention. Conservative 
management includes the use of nasal saline and topical decongestants 
and steroids as needed. Surgical correction is reserved for those 
children in whom breathing difficulties lead to slow growth or cyanotic 
episodes. A stent is placed postoperatively for approximately 1 week.

A small pit or hair extending from the nasal dorsum should lead 
one to suspect an intranasal dermoid. If a dermoid is suspected, a CT 
scan or magnetic resonance imaging (MRI) would be recommended to 
delineate the extent of the cyst and assess for an intracranial component. 
If the lesion is small, excision can be undertaken by making an elliptical 
incision around the pit or hair and dissecting around the cyst. 

Intranasal encephaloceles are a herniation of brain tissue through 
the foramen caecum. If the neural tissue is not in continuity with the 
brain, it is considered a glioma. In addition to an intranasal mass, one 
might see widening of the nasal dorsum and lateral displacement of 
the medial canthi. In Dakar, fronto-ethmoidal encephaloceles account 
for approximately 10% of all encephaloceles.16 Surgical removal 
may be approached endoscopically in cases of smaller gliomas. A 
combined neurosurgical approach is necessary for larger fronto-
ethmoidal encephaloceles. 
Nasal Airway Obstruction in the Child
Presentation of nasal airway obstruction may be unilateral or bilateral; 
differential diagnosis and treatment for specific presentations follows.

Unilateral obstruction 
A child with unilateral congestion should be suspected of having a 
foreign body or unilateral CA. Diagnosis is made by examination. If 
a unilateral CA is suspected, work-up and treatment should proceed as 
discussed earlier in this chapter for infants. If a foreign body is noted, 
removal may be accomplished with the use of small tools such as a 
suction or ear curette. In rare instances, an object is too large to remove 
through the nostril, and a lateral rhinotomy may be required. Note that 
alkaline batteries must be removed as quickly as possible because they 
can result in significant intranasal necrosis, scarring, and subsequent 
stenosis. Necrotic tissue may need to be debrided with multiple surgi-
cal procedures. 

Allergic rhinitis
Congestion associated with clear rhinorrhea, sneezing, and cough are 
most consistent with a viral upper respiratory tract infection or allergic 
rhinitis (AR). If symptoms are short lived and resolve spontaneously, 
the likely aetiology is viral. If symptoms are chronic and associated 
with itchy, watery eyes, however, the diagnosis may be allergic rhini-
tis. Individuals with AR may also have a personal or family history of 
eczema or asthma. Dust mites and cockroaches are the most common 
allergens in the Ivory Coast.17 In Egypt, 40% of school children have 
AR. It is more common in children attending state-run schools, in boys, 
and in children exposed to cigarette smoke.18 Definitive diagnosis is 
made with allergy testing. Alternatively, successful treatment of sus-
pected AR with antihistamines and nasal steroids may help to establish 
the diagnosis. 

Bacterial rhinosinusitis 
Nasal congestion associated with mucopurulent rhinitis and a cough, 
especially a nocturnal cough, suggests bacterial rhinosinusitis. Chronic 
mucopurulent rhinitis may be seen with HIV infections.19 Bacterial 

rhinosinusitis is treated with antibiotics. Commonly identified bacteria 
by geographic location are:
• Ethiopia: Streptococcus pneumonia and Hemophilus influenza20 

• Sudan: Staphylococci, Streptococci, and Escherichia coli21 

• South Africa: Streptococcus milleri and Hemophilus influenza22 
The choice of antibiotics is based upon the most common pathogens 

and resistance patterns in an area.23 When antibiotics do not resolve the 
infection or if a complication of acute bacterial sinusitis occurs, surgical 
intervention is warranted. Prior to surgical intervention, ideally a CT 
scan should be obtained (Figure 125.2).  

In the case of a complication such as a subperiosteal periorbital 
abscess or orbital abscess (Figure 125.3), an ethmoidectomy and 
drainage of abscess would be advocated. To determine the proper 
timing and selection of patients requiring ethmoidectomy, South 
African otolaryngologists studied patients with orbital complications. 
Those patients with only cellulitis were successfully treated with 
intravenous antibiotics alone. Those with cellulitis and proptosis 
with or without eye movement limitation fared better with surgical 
intervention.24 Endoscopic sinus surgery has largely replaced open 
surgical procedures. Either would be appropriate, however, depending 
upon the extent of disease and the skills of the surgeon. Complications 
of surgery include injury to the eyes or brain with possible double 
vision, loss of vision, CSF rhinorrhea, loss of sense of smell, and 
intraorbital haematoma.

Figure 125.2: Choronal CT scan showing diseases in the maxillary and anterior 
ethmoidal sinus (chronic sinusitis).

Figure 125.3: Orbital abscess.
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Fungal rhinosinusitis 
Fungal infections are commonly seen in parts of Africa. The most 
common presenting symptom of nasosinus aspergillosis is conges-
tion secondary to nasal polyposis. Infection with Aspergillus flavus 
is a common form of sinusitis in Sudan.25 Unlike bacterial infections, 
fungal infections must be treated with surgical debridement followed 
by antimicrobial treatment such as itraconazole. Recurrence is seen in 
approximately 10% of patients and is generally the result of incomplete 
antifungal treatment following surgery. 

Cystic fibrosis 
In addition to a work-up for fungal infections, nasal polyposis in any 
child should prompt a work-up for cystic fibrosis (CF). The prevalence 
of CF in African populations remains largely unknown. Mutations of 
the cystic fibrosis transmembrane regulator (CFTR) gene have been 
identified in Egyptian, Algerian, Tunisian, and other Northern African 
populations.26–28 Presentation is quite variable and can include recurrent 
respiratory problems, recurrent sinusitis, failure to thrive, steatorrhea, 
diarrhoea, and jaundice. Sweat chloride testing and genetic testing for 
CFTR mutations are two ways of diagnosing the disease. Sinusitis in 
patients with CF is treated with a combination of medical therapy and 
surgical intervention. Patients may be treated with steroids to reduce 
inflammation, antibiotic irrigations, and surgery. 

Burkitt lymphoma 
Burkitt lymphoma (BL) is endemic in certain parts of Africa. In 
Nigeria, it accounts for nearly 40% of all childhood malignancies.29 
It is a B-cell, non-Hodgkin’s lymphoma seen primarily in children. 
Infection with Epstein-Barr virus (EBV) and plasmodium falciparum 
malaria have been implicated in the pathogenesis of this disease.30–32 
Children with HIV infections are also at higher risk of developing 
BL.30–31 Nearly three-quarters of all cases present in the head and neck 
region. The male-to-female distribution is 3:1, and peak presentation is 
often in the first decade of life. The paranasal sinuses are the second 
most common site of presentation after the jaw. When presenting in the 
paranasal sinuses, BL may present as nasal congestion, epistaxis, loose 
teeth, trismus, proptosis, and a mass in the maxilla. Diagnosis is made 
with a biopsy. Treatment generally consists of a combination of chemo-
therapeutic drugs. The protocol in Nigeria includes cyclophosphamide, 
oncovin, methotrexate, and prednisolone. In Kenya and Uganda, cyclo-
phosphamide, doxyrubicin, vincristine, methotrexate, and prednisolone 
are in use.33 The treatment protocols are very expensive and, in many 
cases, too toxic for malnourished children. As a result, physicians 
in Cameroon and Malawi have advocated using a regimen of cyclo-
phosphamide and intrathecal methotrexate with comparable results, 
reserving vincristine for those who relapse.33 Drug resistance is seen in 
2% of patients in certain parts of Africa.29 Despite treatment, mortality 
remains high. Three-year survival is only 61%.34 There is evidence to 
suggest that malaria prevention with the use of mosquito nets may help 
to reduce the risk of developing BL.30,31 

Nasopharyngeal carcinoma 
Nasopharyngeal carcinoma (NPC) has a high prevalence in Northern 
Africa, especially in Tunisia, Algeria, and Morocco. In Uganda, the 
disease is more prevalent in the Nilotic and Para-Nilotic tribes of 
the north compared to the Sudanic and Bantu tribes of the south.35 In 
Northern Africa, NPC has a bimodal age distribution, including one 
peak between the ages of 10 and 20 years.36 In addition to a genetic 
predisposition, exposure to EBV and other environmental factors, such 
as consumption of rancid butter, rancid sheep fat, and cured meats, may 
increase the likelihood of developing NPC.37 In Kenya, exposure to 
carcinogenic hydrocarbons generated from burning of wood in wattle 
and mud huts has been associated with a higher incidence of NPC.35 
Avoidance of these environmental factors may help to reduce the inci-
dence of the disease. 

NPC may present with nasal congestion, epistaxis, otitis media, 
otalgia, cranial nerve palsies, headache, and a neck mass from 
metastasis. Examination of the nasopharynx by using either a flexible 
fibre-optic endoscope or a nasopharyngeal mirror will reveal a mass in 
the nasopharynx. Imaging studies such as an MRI or CT scan help to 
determine the extent of disease and may assist in differentiating it from 
a juvenile nasopharyngeal angiofibroma (JNA). NPC, similar to BL, 
is diagnosed by a biopsy. There are three distinct forms, as described 
by the World Health Organization (WHO): type I is the keratinising 
form, type II is nonkeratinising, and type III is undifferentiated. In 
addition, serologic testing for antibodies to EBV may assist in making 
the diagnosis.35 Treatment consists of concurrent radiation therapy and 
chemotherapy with cisplatin.38 In the past, it was felt that the location 
of the tumour prevented surgical intervention. In certain situations, 
however, an NPC may be surgically removed. Overall disease-free 
survival at 5 years is reported at just under 70%.39 

Juvenile nasopharyngeal angiofibroma
Seen only in prepubertal and adolescent males, JNA presents with 
nasal congestion and epistaxis. It is an idiopathic, benign tumour that 
originates near the sphenopalatine foramen. It is highly vascular and 
can be locally aggressive and extend intracranially (Figure 125.4). 
Without treatment, JNA can result in significant morbidity from 
bleeding. The primary treatment is preoperative embolisation of feed-
ing vessels followed by surgical excision. The approach to excision 
varies based upon the size and extent of the tumour. This includes an 
endoscopic approach, a transpalatal approach, a midface degloving, 
or lateral rhinotomy. Tumours that extend intracranially may require 
a combined neurosurgical approach. Radiation therapy has been used 
in selective “inoperable” cases in the past. In general, if this benign 
tumour can be removed, radiation should be avoided due to concerns 
of future malignancy.40

Figure 125.4: Axial view of CT showing an extensive JNA.

Epistaxis
Epistaxis (nose bleed) is a common occurrence in children of all ages. 
The aetiology varies from minor trauma to large skull-base tumours. 

Demographics
Epistaxis patterns in Africa are as follows
• Zaire: up to 50% of children younger than 13 years of age with sickle 
cell anaemia41

• Ethiopia: 20% of children infected with louse-born relapsing fever42 
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• Zimbabwe: common presentation of autoimmune thrombocytopenic 
purpura43 

• Other regions: seen with immune thrombocytopenic purpura and 
onyalai44-45 

Investigations
Laboratory examinations may be useful in the diagnosis of some of the 
infectious and haematologic disorders listed. 

Treatment 
Conservative treatment for epistaxis includes topical pressure and 
vasoconstrictive medications such as topical phenylephrine or topi-
cal oxymetazoline, Common procedures involve nasal packing and 
cauterisation using silver nitrate or electrocautery. In refractory cases, 
the treatment is embolisation or arterial ligation. Arterial ligation of the 
sphenopalatine artery in children may be performed endoscopically. 
Transantral ligation of the internal maxillary artery may be difficult due 
to the lack of midface development and poor maxillary pneumatisation 
at younger ages.

The Pharynx: Tonsillitis
In children, the common diseases of the pharynx are due to infection. 
Infection of the tonsils accounts for most pharyngeal infections. In 
Africa, due to the common complaint of sore throat and presence of 
other significant infectious diseases, adequate recognition and treat-
ment of tonsillitis is not often achieved. The other diseases include the 
common cold, infectious mononucleosis, candidiasis, HIV, diphtheria, 
Vincent’s angina, and acute leukaemia.

A study from a tertiary centre in Benin, Nigeria, has shown that 
tonsillitis accounts for 10.5% of children with acute admission for 
febrile illness.47 It is therefore a significant workload for paediatricians. 
The widespread practice of uvulectomy by traditionalists for “sore 
throat”, with its fatal outcome in some children, 48,49 exemplifies the 
challenges for paediatricians and surgeons in Africa with regard to 
management of pharyngeal infections.
Aetiology
The palatine tonsils are part of Waldeyer’s ring of lymphoid tissue 
surrounding the oropharynx and nasopharynx. The palatine tonsils are 
covered by stratified squamous epithelium, which extends deep into 
the tonsillar tissue, resulting in crypts. Desquamated epithelium can get 
stuck in the pits; this has been implicated in the aetiology of infection 
of the tonsils. 

Group A beta haemolytic streptococcus accounts for the majority of 
tonsillitis. In Africa, it appears that this strain type has a predilection to 
the heart and kidneys, as there is a high rate of rheumatic heart disease 
from tonsillitis and pharyngitis.50–52

Clinical Presentation
Tonsillitis presents as an acute episode that is characterised by sore 
throat associated with odynophagia, and sometimes secondary otalgia 
and a febrile illness. In the acute phase, the tonsils are enlarged and 
red, with associated erythema of the tonsillar pillars. There may be pus 
within the tonsil crypts. The jugulodiagastric nodes are often enlarged 
and tender.

Children often present with recurrent episodes of tonsillitis. This 
can have significant implications in children with sickle cell anaemia or 
those who are at a risk of developing rheumatic heart disease.
Investigation
Diagnosis is based on clinical evaluation. Microbiology of throat swabs 
is generally not helpful. 
Management
Management is supportive, with antibiotics. Children who are not 
pyrexic and complain only of sore throat should be given analgesia and 
adequate hydration, whereas those with fever and failure to eat should 

also be treated with antibiotics. Penicillin remains the first choice of 
antibiotics to be used.53 The use of antibiotics for all should be dis-
couraged, however, because sore throat is a common complaint from 
nonbacterial infection. Amoxicillin is contraindicated in patients with 
mononucleosis.
When to Offer Tonsillectomy
In the United Kingdom, children who have five episodes or more of 
tonsillitis per year are offered tonsillectomy. In Africa, however, a 
lower threshold of three or more in a year with a significant history 
of febrile illness should be considered for tonsillectomy54 due to the 
higher risk of developing rheumatic heart disease from beta haemolytic 
streptococcus infection, and issues of access to a specialist.

Affected children should be screened for sickle cell anaemia, 
and adequate preparation must be made before tonsillectomy of 
children with sickle cell disease. These children presenting for 
elective tonsillectomy should be transfused to reduce the haemoglobin 
S ratio to less than 40% in an attempt to reduce postoperative 
complications.55–58 In addition, aggressive hydration is important in 
these children. If possible, such children should be managed in centres 
that have a good paediatric anaesthetist who is familiar with sickle cell 
disease. Otherwise, a team approach among surgeons, anaesthetist, and 
paediatricians should be developed.
Complications
Nonsuppurative complications of tonsillitis include scarlet fever, rheu-
matic fever, and glomerulonephritis. Suppurative complications include 
peritonsillar, parapharyngeal, and retropharanyngeal abscesses.

Peritonsillar abscess
Peritonsillar abscess is common in the adolescent age group but rarely 
occurs in younger children. Patients present with poor intake or inabil-
ity to eat. Drooling of saliva and trismus associated with high fever 
are some of the clinical features. The uvula may be deviated to the 
opposite side. Younger children and adolescents who cannot tolerate 
aspiration or incision and drainage under local anaesthesia should be 
offered tonsillectomy.

Parapharyngeal abscess
Parapharyngeal abscess is characterised by a toxic-appearing child, 
trismus, dysphasia, and increasing airway difficulties. Urgent US or CT 
scans should be followed by either an internal or external drainage of 
the abscess. Intravenous antibiotics are also administered.

Retropharyngeal abscess
Retropharyngeal abscess is rare and seen mainly in children younger 
than 5 years of age. 

The Larynx
A multidisciplinary approach in the management of children with 
airway disease offers the best outcome; therefore, each local hospital 
should strive to form a team among paediatric nurses, anaesthetist, 
paediatricians, and paediatric surgeons. 
Congenital Laryngeal Lesions
The incidence of congenital laryngeal lesions in Africa is not known. 
Worldwide, it is thought to be in the region of 1 in 10,000 to 1 in 50,000 
live births.59,60 It is important to recognise laryngeal abnormalities early.

Laryngomalacia
The most common (60%) of all laryngeal abnormalities is laryngomla-
cia, with a male-to-female ratio of 2:1. The aetiology involves redun-
dant posterior arytenoids tissue, laryngopharyngeal reflux disease,61 or 
poor development of the cartilage.62 

Patients present within 1 to 2 weeks after birth with a history of 
noisy breathing. Symptoms include inspiratory stridor, retractions, 
cyanotic episodes, growth disturbance, or any combination of these. 
Symptoms are worse in a supine position, during feeding, and when the 
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child is agitated. Prone and lateral decubitus positioning relieves the 
symptoms. The cry is normal. 

Examination by a flexible laryngoscopy, transnasal or oral, in 
clinic is often satisfactory. 63 Children with severe stridor should have 
a microlaryngoscopy and bronchoscopy. A bronchoscopy should also 
be considered in a child whose symptoms are out of proportion to 
the degree of laryngomalacia or whose symptoms are atypical (e.g., 
biphasic stridor) because a small but substantial number of patients 
(18%) will have a second airway lesion.64 

Examination reveals an omega-shaped epiglottis and short 
aryepiglottic folds (Figure 125.5). Redundant posterior arytenoid 
tissue, which on inspiration is prolapsed anteromedially, is also present.  

Most laryngomalacias are self-limiting and require only assurance 
to the parents. A few require an aryepiglottoplasty,65 which is generally 
reserved for those children with cynaosis or growth delays secondary to 
excessive calories used for the increased work of breathing.

Complications from laryngomalacia are rare and are generally the 
result of untreated severe laryngomalacia (e.g., recurrent cyanotic 
attacks, obstructive apnoea, pulmonary hypertension, right heart 
failure, and failure to thrive).

Vocal cord paralysis 
Vocal cord paralysis is the second most common congenital anomaly 
of the larynx. It accounts for 15–20% of all cases.66 It has a male-to-
female ratio of 1:1. The aetiology is multifactorial, including Idiopathic 
causes; central neuromuscular immaturity; lesions in the central ner-
vous system (including Arnold-Chiari malformation67,68; cerebral palsy; 
hydrocephalus; myelomeningocele; spina bifida; hypoxia;67,69 lesions in 
the mediastinum (e.g., tumours or vascular malformations); and birth 
trauma. Even though birth trauma is an acquired cause, it is included 
because it is a major problem in Africa, which has a high number of 
forceps deliveries and poor maternal services. Iatrogenic vocal cord 
paralysis from cardiac surgery, such as patent ductus arteriosus (PDA) 
ligation, is rare in Africa. 

Congenital vocal cord palsy is often a bilateral palsy characterised 
by inspiratory stridor that is present at rest but made worse by agitation 
and can quickly lead to airway obstruction. This can rapidly progress 
to an emergency requiring airway intervention. Aspiration may present 
with recurrent chest infection. This is common with bilateral vocal fold 
paralysis. Unilateral vocal fold paralysis may manifest during the first 
few weeks of life, or it may go unnoticed. Symptoms are a hoarse, 
breathy cry that is aggravated by agitation. Feeding difficulties and 

Figure 125.5: Laryngomalacia with the classic “omega-shaped” epiglottis and 
short aryepiglottic folds. 

aspiration may also occur.
On examination, the stable child has minimal symptoms and does 

not appear to be in significant respiratory distress. The unstable child, in 
contrast, presents in respiratory distress (nasal flaring, supraclavicular 
or intercostal recession, cyanosis). 

Flexible endoscopy usually elucidates the diagnosis. Direct 
laryngoscopy and rigid bronchoscopy are often necessary to confirm 
the diagnosis and to evaluate the airway for other anomalies.70

Other investigations include a CT scan of the neck and chest. 
Where available, laryngeal electromyography has been used for both 
evaluation and management.

Reassurance is all that is required in a child who has a stable airway 
and no aspiration. This is more common in those with unilateral vocal 
cord palsy.

A child with an unstable airway requires urgent endotracheal 
intubation followed by tracheostomy. 

The suitability of a child for decannulation is undertaken by 
laryngoscopy and bronchoscopy, processes that also help to remove 
granulation above the tracheostomy. The child may be decannulated if 
there is sufficient airway size or when there is recovery of the palsy. 
This is commonly after the ago of 2 years.71 

Children who fail to recover would require vocal cord lateralisation 
procedures, which can be either arytenoidectomy or endoscopic laser 
cordotomy. 

Congenital subglottic stenosis 
Congenital subglottic stenosis is the third most common congenital 
anomaly of the larynx, with a male-to-female ratio of 2:1. It is the most 
common indication for tracheostomy in infants. Two types of congeni-
tal subglottic stenosis are recognised: membranous (the most common) 
and cartilaginous.

The aetiology of this anomaly is incomplete recanalisation of the 
laryngotracheal tube.

An inflammatory process tends to initiate symptoms. Biphasic 
stridor with or without symptoms of respiratory distress is the most 
common presenting symptom. The presentation of congenital subglottic 
stenosis is similar to croup, but the cry is normal. Recurrent croup-like 
symptoms commonly are seen in children with subglottic stenosis.

Flexible endoscopy under local anaesthesia is inadequate to make 
a diagnosis; therefore, a rigid bronchoscopy under general anaesthesia 
is required.

Spontaneous resolution occurs in most cases as the child grows. 
If there is significant airway obstruction, however, management is by 
endotracheal intubation followed by tracheostomy.72 Decannulation 
can be performed when the subglottic space widens, by about age 3–4 
years.73 Laryngotracheoplasty is reserved for severe cases of subglottic 
stenosis.
Laryngeal Infection
Laryngeal infection in children is a life-threatening disease. This is 
because a child’s laryngeal diameter is very small, and any degree 
of oedema would narrow the laryngeal diameter significantly. For 
example, the neonate subglottic cross-sectional area is about 4 mm, 
compared to that of an adult, which may be 14 mm. Therefore, 1 mm 
of subglottic oedema at that level would result in approximately 65% 
reduction of the airway area in a neonate, compared to approximately 
25% reduction in adults.

It is important to recognise early signs of laryngeal inflammation 
and aggressively treat children. The two common but dangerous 
infections of the larynx in children are acute epiglottitis and 
laryngotracheobronchitis (LTB, or croup). Other important differential 
diagnoses that are common in Africa include laryngeal candidiasis 
and tuberculosis. These infections have been attributed to the high 
prevalence of HIV infection in children in Africa,74 and they should be 
considered if a child presents with unusual symptoms.
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Table 125.1: Key features of acute epiglottitis and laryngotracheobronchitis.

Key Features Acute Epiglottitis Laryngotracheobronchitis 
Age 3 years and older 3 months to 3 years

Onset Abrupt Gradual

Progression Rapid Gradual

Cough None Barking

Hoarseness Yes More from barking cough

Stridor Inspiratory Inspiratory or biphasic

Posture Sitting and leaning forward Supine 

Drooling Yes, with odynophagia No

Soft tissue neck 
x-ray

Thumb sign (enlarged 
epiglottis), on lateral view 
(X-ray not recommended)

Steeple sign (narrowed 
subglottis), on AP view

Aetiology Haemophilus influenza 
type B

Viral (parainfluenza virus in 
two-thirds of cases)

Findings Red swollen epiglottis 
(cherry red)

Treatment

• Examine in the operat-
ing theatre and secure 
airway by endotracheal 
intubation. Convert to 
nasotracheal intubation, 
if possible.

• Under no circumstanc-
es should a child with a 
suspected diagnosis of 
epiglottitis be disturbed 
until the team is ready 
to evaluate the child in 
the theatre.

• Cephalosporins/ chlor-
amphenicol.

• Steroids.

• Supportive (oxygen/ste-
roids/ antibiotics/).

• Steroids: dexamethasone 
(0.6 mg/kg) or nebulised 
budesonide.

• Antibiotics are indicated 
if associated bronchial 
pneumonia or pyerixia or 
aetiology is thought to be 
bacterial LTB.

• Note that in Africa 
prognosis is poor when 
infection follows measles; 
early airway support 
should be considered. 

• The Westley croup score 
system can be used to 
determine the severity and 
need for airway support. 

Diphtheria of the larynx is another infection that remains a concern. 
Immunisation remains the key to its eradication. Sadly, this is still a 
public health problem in a number of African countries. It is important 
to note that laryngeal diphtheria tends to occur after a pharyngeal 
infection. 

Other differential diagnoses for laryngeal infection are foreign 
body aspiration, acute laryngeal trauma, angioneurotic oedema, and 
retropharyngeal abscess. A good history often leads to the diagnosis of 
any of these differentials.

In Africa, acute epiglottitis and LTB remain challenges as a result 
of poor immunisation and a significantly poor socioeconomic living 
standard for children. Table 125.1 summarises the key features of acute 
epiglottitis and LTB and their management.
Hoarseness 
Hoarseness is underestimated in children, and in Africa it does not 
receive adequate attention. This situation has been attributed to several 
factors, such as the changing pitch in normally growing children and a 
poor understanding of children’s voice dynamics, among others.

Reports from many centres in Africa, for example, show a high rate 
of emergency tracheostomy for laryngeal papillomatosis in children 
due to late presentation. The need to increase awareness is challenging 
but necessary. A coordinated approach to dealing with children with 
hoarseness is key. 

The causes of voice changes (dysphonia) in children are commonly 
due to vocal nodules and functional voice disorders, laryngeal 
papillamatosis, intubation injuries, or vocal cord paralysis.

Vocal nodules and functional voice disorders 
The most common cause of dysphonia in children is vocal nodules and 
functional voice disorders. Diagnosis is usually by flexible laryngos-
copy; however, rigid laryngoscopy under anaesthesia may be required 
if a child is unable or unwilling to cooperate. Voice therapy is the main 
treatment. Surgery for nodules is not recommended in children, but it 
can be considered after failed response to adequate voice therapy and 
after puberty. Antireflux medications are also recommended.

Laryngeal papillamatosis
Laryngeal papillamatosis is also referred to as juvenile onset recurrent 
respiratory papillamatosis (RRP). It is due to the human papilloma 
virus, mainly types 6, 11, and rarely 16. Types 6 and 11 are associated 
with genital warts.

The peak age of presentation is 3 to 4 years. Firstborn children are 
more likely to be affected by laryngeal papillamatosis, and children 
born via vaginal delivery to mothers with genital warts are said to 
have a relative risk of developing the disease. No current evidence, 
however, supports caesarian section delivery as a means of prevention 
of laryngeal papillamatosis.

Commonly, RRP patients present with a history of hoarseness, 
chronic cough, and a gradual but progressive history of stridor. In 
Africa, a large number of children are diagnosed only when they 
present with stridor because RRP is often misdiagnosed as croup. 
Studies from Nigeria show that RRP is the most common cause of 
airway obstruction in children.75 Late presentation accounts for the high 
incidence of emergency trachestomies in this population. 

Any child with hoarseness that has not resolved within three weeks 
should have a laryngeal examination. Transnasal flexible laryngoscopy 
is recommended in children who can cooperate. If this is not possible, 
direct laryngoscopy under anaesthesia should be carried out.

The use of a powered microdebrider is a recent advancement in 
RRP treatment and is replacing laser ablation (CO2, KTP, ND:YAG), 
the current gold standard. The use of a powered microdebrider might 
be a more affordable tool than laser for many centres in Africa. 
Other treatments include photodynamic therapy and adjuvant use of 
interferon, cidofouvir, acyclovir, indole-3-carbinol, and cimetidine.

Tracheostomy is indicated only for a child with severe diseases, 
where it is a life-saving procedure. This should be used as a last resort, 
however, especially in Africa, where management of trachestomy in 
children is very challenging. Furthermore, a tracheostomy in these 
children may result in seeding of the trachea. 

Intubation injuries
Intubation injuries often present as vocal cord granulation of the pos-
terior larynx. In neonates, it can present as an acquired subglottic cyst 
or subglottic stenosis.

Vocal cord paralysis
Unilateral vocal cord palsy presents with hoarseness and aspiration. 
Bilateral vocal cord paralysis has been described in this chapter in the 
subsection “Congenital Laryngeal Lesions”.
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1. Children with a hearing loss may appear socially disinterested 
and lag behind their peers in the development of speech and 
language skills.

2. In the absence of universal screening programs, practicing 
clinicians in Africa should do a behavioural hearing test for any 
child with a hearing impairment

3. Otitis media (OM) is the leading cause of hearing loss in African 
children.

4. Low social status and malnutrition correlates with developing 
chronic OM.

Key Summary Points

Ears

Nose

Larynx 

Oropharynx

5. Epistaxis (nose bleed) is a common occurrence in children of 
all ages.

6. Conservative treatment for epistaxis includes topical pressure 
and vasoconstrictive medications such as topical phenylephrine 
or topical oxymetazoline, Common procedures involve nasal 
packing and cauterisation using silver nitrate or electrocautery. 

10. Other congenital anomalies of the larynx that are rare include 
congenital subglottic cyst, laryngeal webs, and subglottic 
haemangioma, among others.

11. Sore throat is a common complaint, not always due to tonsillitis. 

12. A majority of sore throats can be treated with supportive measures. 

13. Penicillin remains the drug of choice for tonsillitis.

14. There is a low threshold for tonsillectomy for children in Africa 
due to the high prevalence of rheumatic heart disease and 
nephritic disease from beta haemolytic streptococcus infection.

15. Children should be screened for sickle cell anaemia before surgery 
for tonsillitis, and adequate pre- and postoperative management 
should be planned for children with sickle cell disease. 

7. Laryngeal abnormalities should be recognised early.

8. Noisy breathing or stridor in a child should be taken seriously; if in 
doubt, referral  to an appropriate centre is urgently recommended. 

9. Flexible laryngoscopy (transnasal or oral), microlaryngoscopy, or 
bronchoscopy, when appropriate, often confirms the diagnosis of 
congenital subglottic stenosis. 
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Introduction
Paediatric transplantation is still considered a difficult task in the 
African continent. Lack of resources, cadaveric programs, and technical 
facilities, as well as delayed referral of cases are among the important 
obstacles that need to be overcome in order to start transplantation 
programs. South Africa has a well-established cadaveric program for 
kidneys and liver, and success related to both is found in Egypt and 
some North African countries. The progress of immune suppression, 
intensive care, and nutritional support will lead to improvement in more 
African countries in the near future.

Liver Transplantation
Liver transplantation is now the standard treatment for end-stage liver 
disease (ESLD) in children. Children had paved the way for trans-
plantation since the beginning of the procedure; the initial cases were 
performed by Thomas E. Starzl on two children in 1963 and 1968. 
Now, more than 500 paediatric patients recieve transplants every year; 
this number of transplant procedures has been relatively stable since 
the mid-1990s, but there has been a shift to utilisation of an increasing 
number of “partial” liver grafts from cadaveric and living donors. Due 
to organ scarcity and size problems, paediatric liver transplantation is 
considered a challenge. Donors younger than the age of 5 years com-
prise only 26% of the paediatric cadaveric donors. As a consequence, 
split-liver, living-related, and—much less now—reduced liver tech-
niques are important in paediatric transplantation. Survival has been 
significantly improved and now approaches 90% at 1 year and 80% at 5 
years. Many children survive into adolescence and adulthood with good 
quality of life (QOL) as a consequence of technical improvements, 
intensive care unit (ICU) advances, early transplantation, and the huge 
changes in immune suppression. 
Indications
The most common indications of childhood transplantation are cur-
rently classified into groups: 
• ESLD due to cholestatic and noncholestatic causes of cirrhosis;

• acute hepatic failure;

• stable liver disease with remarkable morbidity and/or a known mor-
tality;

• some metabolic liver diseases;

• select tumours; and 

• a variety of miscellaneous indications. 
One of the major indications in children is liver disease that limits 

long-term survival or quality of life or markedly impairs normal 
growth and development. Cirrhosis alone is not an indication for 
transplantation because many of these patients can be medically 
managed for a prolonged period before decompensation. In acute 
liver failure, the development of clear symptoms such as refractory 
coagulopathy, acidosis, and cerebral oedema that correlate with a poor 
prognosis for spontaneous recovery of liver function is an indication 

for transplantation. Otherwise, medical support in those patients with a 
better prognosis is provided until liver function returns to normal.

Children usually present with decompensation of hepatocellular 
function or portal hypertension, including progressive jaundice, 
coagulopathy, protein-calorie malnutrition and growth retardation, 
impaired cognitive development, encephalopathy, hypersplenism, 
variceal haemorrhage, and advanced or refractory ascites. The majority 
of patients undergoing transplantation in this population are deeply 
jaundiced due to secondary or primary biliary cirrhosis from long-
standing intrahepatic and/or extrahepatic biliary obstruction. On 
physical examination, these patients often have muscle wasting; 
an enlarged spleen; a hard, palpable liver; abdominal distention 
from ascites; and peripheral oedema. With decompensation, long-
term survival without liver transplantation is limited; referral for 
transplantation must be made before decompensation.
Neonatal Cholestatic Liver Diseases
Cholestatic liver disorders—the most common being biliary atre-
sia—are the most common indications for transplantation in children. 
Biliary atresia accounts for 70% of this cholestatic group, which itself 
represents 60% of all transplanted children per year. The management 
of biliary atresia rests on early diagnosis and portoenterostomy if diag-
nosis precedes the development of cirrhosis, usually before 3 months of 
age. Although long-term results from portoenterostorny are optimal if it 
is peformed before 8 weeks of age, only 20–25% of all atresia patients 
will not need transplantation. In many cases, however, portoenteros-
tomy allows reasonable growth and development so that transplantation 
is forestalled until the child is older and larger. Liver transplantation is 
indicated when the diagnosis is made in infants older than 3 months 
of age, when ESLD is clearly present at any age, or after a portoenter-
ostomy failure. Jaundice and malnutrition are the problems with most 
of these children, who present in very bad condition (especially in the 
African continent). Preparation for transplantation is therefore extreme-
ly difficult and many children could die while awaiting the procedure.

Other uncommon causes of cholestatic liver injury and cirrhosis 
include familial paucity of intrahepatic bile ducts, which exists in 
syndromic (e.g., Alagille syndrome) and nonsyndromic forms; familial 
cholestatic syndromes (progressive familial intrahepatic cholestasis); 
primary or secondary sclerosing cholangitis; and uncorrectable 
choledochal cyst disease, including Caroli’s disease. All of these 
conditions proceed to jaundice, cirrhosis, and portal hypertension. 

Noncholestatic cirrhosis
Causes of cirrhosis and ESLD include autoimmune hepatitis, neonatal 
hepatitis, chronic viral (B or C) hepatitis, and cryptogenic cirrhosis.

Fulminant hepatic failure
Fulminant hepatic failure is encephalopathy within 28 days after the 
onset of jaundice in a patient with acute liver failure without evidence 
of chronic liver disease. Acute liver failure of an undefined type makes 
up the largest group within fulminant hepatic failure, followed by 
drug toxicity, toxin exposure, and previously unrecognised metabolic 
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disease. Acute liver failure includes profound coagulopathy, acidosis, 
hypoglycaemia, and progressive hyperbilirubinaemia. These patients 
can develop acute renal failure, multiorgan failure syndrome, or cere-
bral oedema progressing to herniation. Deterioration in coagulation is 
one of the major parameters to indicate transplantation in these condi-
tions. Transplantation should be done before the patient develops coma 
stage IV, when the prognosis is extremely dire. 

Metabolic liver disease
Metabolic liver disease disorders have in common an enzyme deficien-
cy or some other defect in hepatocellular function. This impairment can 
result in progressive fibrosis or cirrhosis (e.g., cystic fibrosis, chronic 
Wilson’s disease, and neonatal iron storage disease) with a typical 
presentation of ESLD. In other cases, the liver is structurally normal 
but harmful by-products of metabolism accumulate to cause neurologic 
injury (e.g., Crigler-Najjar syndrome, ornithine transcarbamylase defi-
ciency, and Wilson’s` disease); cardiovascular disease (e.g., familial 
hypercholesterolaemia); or renal injury (familial hyperoxaluriain, in 
which case both kidney and liver should both be transplanted). Some 
disorders are associated with the development of malignancies, such as 
tyrosinaemia, and transplantation should be considered preemptively. 

Tumours
Hepatoblastoma is now considered a good indication for transplanta-
tion in cases of an unresectable tumour with no extrahepatic spread and 
initial good response to chemotherapy. Living-related transplantation 
with removal of the vena cava has been reported with good results in 
few sporadic cases. Hepatocellular carcinoma is primarily seen in older 
children with viral hepatitis or in association with cirrhosis from other 
causes. Nonmetastatic malignancies in paediatric patients are man-
aged by surgical resection unless tumour size and/or location preclude 
resection. The long-term survival after liver transplantation for hepa-
toblastoma is approximately 60%, whereas outcomes from hepatocel-
lular carcinoma are not nearly as good. The major issue that remains 
to be resolved is whether transplantation should be attempted for large 
hepatoblastomas primarily or as salvage after recurrence postresection. 
Data from Europe suggest a worse outcome when liver transplantation 
is performed as a salvage procedure. The most common benign tumour 
of the liver is haemangioendothelioma; and although the vast majority 
regresses with growth and medical therapy, occasionally heart failure 
or mass effect warrants transplantation.

Miscellaneous
Other conditions that may indicate transplantation include diagnoses 
such as Budd-Chiari syndrome, trauma, and biliary cirrhosis secondary 
to intestinal failure and long-term use of total parenteral nutrition. 
Contraindications to Transplantation
Contraindications to transplantation include HIV-positive serology 
patients, extrahepatic malignancy, metastatic liver malignancy, terminal 
nonhepatic pathology, uncontrolled systemic sepsis, and irreversible 
neurological damage.
Pretransplant Care
Many problems present in cases with evidence of ESLD who are candi-
dates for liver transplantation. Most cases are below the fifth percentile 
with regard to weight and height, and those with ascites, malnutrition, 
bad coagulation profile, and haematemesis are very difficult to handle. 
Vaccination is another issue that should be dealt with before transplan-
tation because living attenuated vaccine cannot be used posttransplan-
tation due to immune suppression. Therefore, most presenting children 
receive nutritional support, oral decontamination, and a full battery of 
investigations. Radiology is used to assess the patency of vessels (the 
portal vein in cases of biliary atresia), the presence of port-caval shunts, 
and the vascular anatomy of the recipient. Another problem is timing—
at the time a paediatric donor is available, a size-matched paediatric 
recipient may not be available. This, of course, is not the case in living-

related liver transplantation (LRLT), when scheduled transplantation 
is the case and the problem of being put on a waiting list is removed. 

In 2002, the Pediatric End-stage Liver Disease (PELD) score was 
implemented to allocate organs based on the “sickest first” paradigm. 
The PELD score consists of five variables: 
1. International Normalised Ratio;
2. total serum bilirubin concentration; 
3. serum albumin level; 
4. growth retardation (= 2 standard deviations below the median height 
or weight for age); and 
5. young age (much less than 1 year, or 1 to 2 years of age). 

Status I is used to designate patients with fulminant hepatic failure, 
primary graft nonfunction after transplantation, early hepatic artery 
thrombosis, and miscellaneous acute conditions. Unlike the case for 
adults, paediatric ESLD patients requiring care in an ICU for any 
reason are listed as status I because their mortality is high despite a 
minimal change in PELD score. In an effort to ameliorate the shortage 
of potential organs, the livers of all donors 18 years of age and younger 
are preferentially allocated to paediatric recipients. This protocol, 
combined with the widespread use of split-liver transplantation, has 
markedly reduced waiting times and positively impacted waiting list 
mortality.
The Surgical Procedure
The donor hepatectomy 
The use of organs from cadaveric donors in paediatric liver transplanta-
tion involves selecting an appropriate quality- and size-matched donor, 
organising an experienced transplant harvest team, and performing a 
precise technical operation that recognises arterial anatomic variants 
and allows for multiorgan procurement. The advent of segmental liver 
transplantation has expanded the acceptable donor age to approximately 
40 years. Preharvest donor management should focus on maintenance 
of haemodynamic stability with adequate but not excessive volume 
loading, minimising the use of vasopressors, optimising oxygenation 
without excessive use of positive end expiratory pressure (PEEP), and 
correcting hypernatraemia that results from diabetes insipidus. In the 
stable donor, once these goals are achieved, the procurement operation 
can be performed. In the properly selected unstable donor, unnecessary 
delays are to be avoided because expedient hypothermic perfusion and 
cold storage only help to minimise the ongoing organ ischaemia. 
1. The donor operation begins with midline laparotomy and median 
sternotomy for wide exposure. 
2. The abdominal great vessels are exposed by a medial visceral 
rotation of the right colon and small intestine, and the aorta and 
inferior mesenteric vein are cannulated. 
3. The liver quality is assessed, and the biliary tree is flushed via the 
gallbladder. 
4. After full systemic heparinisation, the supraceliac aorta is cross-
clamped and the intrapericardial inferior vena cava is incised to 
exsanguinate the donor. 
5. Cold-organ perfusion is then initiated through the previously placed 
cannulas, and the abdominal cavity is immersed in ice in an attempt to 
achieve a liver core temperature of 4°C. 

The University of Wisconsin (UW) solution has been used as the 
standard preservation solution in the United States since 1987, when it 
was developed by Belzer and Southhard. This solution extends the limit 
of preservation to as long as 12–18 hours, after which the incidence of 
primary graft failure increases substantially. However, the acceptable 
preservation time depends on numerous donor and recipient variables 
and should still be minimised when possible. This is especially 
important in instances of reduced size or split-liver transplantation. 
The UW solution is a hyperkalemic, hyperosmolar solution that 
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prevents cellular swelling, maintains stable transmembrane electrical 
gradients upon reperfusion by preventing efflux of intracellular 
potassium during storage, and contains a variety of oxygen-free 
radical scavengers. Recently, some centres have employed a histidine-
tryptophan-ketoglutarate solution because of its low potassium content 
and viscosity. Once the donor organ is procured, the harvest team 
typically transports the liver graft to the transplant centre and prepares 
it for engraftment by a separate recipient team.

Segmental liver transplantation 
Segmental liver transplantation can be of three kinds: living-donor, 
reduced-size, and split-liver.
Living-related transplantation
In living-related transplantation, the donor is investigated preopera-
tively with extensive radiologic evaluation regarding vascular anatomy 
as well as biliary and volumetry of the liver lobes. The choice of the 
graft depends on the expected volume in relation to recipient weight. 
Segments 2 and 3 (left lateral segment, or LLS) are usually suitable for 
children who weigh less than 25 kg. Older children can have segments 
2, 3, and 4, or even the right lobe in adolescents. The ratio between 
liver weight and recipient weight should be above 1% to avoid a small-
for-size graft. Grafts of more than 5% of body weight, however, have a 
bad prognosis due to the large size of the graft in relation to the child’s 
abdomen and the compartmental syndrome that might occur. 
Reduced-size transplantation
Due to the small but real risk of safety in a healthy donor, reduced-size 
transplantation was simultaneously developed as an alternative method. 
It involves resecting the LLS graft before or after cold-organ perfusion 
and discarding the remaining liver. Obviously, this benefits the paediatric 
recipient but wastes an organ that could be used by an adult recipient. 
Split-liver transplantation
Splitting the whole organ into a right trisegrnent and an LLS graft to utilise 
in an adult and paediatric recipient, respectively, was first described by 
Pichlmayr in Hanover, Germany, in 1988. This can be done either before 
cold-organ perfusion (in situ technique) or after cold-organ perfusion and 
removal of the liver from the donor (ex vivo technique). This technique 
provides a suitable graft for the paediatric population without worsening 
the already severe organ shortage in the adult population. 

The recipient operation
The procedure for total hepatectomy is the same for living-related and 
cadaveric transplantation, except for vena cava removal, which is not 
done in living-related or split-liver procedures.

This procedure for total hepatectomy has changed little over 
the past two decades. Whereas there are tremendous individual and 
institutional differences in the subtleties of using certain techniques, 
the basic steps in the procedure remain the same. The procedure can 
roughly be divided into four major phases, each with its own anatomic 
and physiologic challenges: hepatectomy phase, anhepatic phase with 
engraftment, reperfusion with arterialisation, and biliary reconstruction. 

Perhaps the most challenging step during liver transplantation is 
the hepatectomy. Coagulopathy, portal hypertension, and poor liver 
and renal function create a surgical environment in which continuous 
bleeding is possible. During this phase, the anaesthesiologist plays 
a key role in maintaining volume and rapid transfusion, correcting 
coagulopathy and fibrinolysis, and maintaining body temperature. The 
goal of this phase is to devascularise the liver by ligating and dividing 
the hepatic artery and portal vein as well as mobilising the suprahepatic 
and infrahepatic vena cava to enable removal. At the authors’ institution, 
the strategy is to leave at least one hepatic artery perfusing the liver 
until the graft is ready, and to ligate it just before removing the liver. 
This procedure has been found to reduce the lactacidosis during 
the anhepatic phase. These goals are achieved while leaving in the 
recipient adequate lengths of each vessel for later implantation of the 
donor graft. In the majority of paediatric liver transplant operations, 

the rettohepatic vena cava is retained as the liver is dissected off 
the vena cava by dividing the tributaries from the right and caudate 
lobes; often, only partial occlusion of the vena cava is necessary. 
Meticulous but expedient surgical technique is essential during the 
hepatectomy in ensuring optimal patient outcome. During the anhepatic 
phase, the anaesthesiologist must support certain aspects of hepatic 
function to prevent or treat acidaemia, hypothermia, coagulopathy, and 
occasionally fibrinolysis. In addition, the anaesthesiologist must ensure 
adequate circulating volume and maintain haemodynamic stability. 
Veno-venous bypass is rarely used in children. 
1. While the patient is anhepatic, the liver graft is removed from 
hypothermic storage and engrafted. The insertion of the graft begins 
with the suprahepatic vena caval followed by the infrahepatic vena 
caval in cases of cadaveric full liver.
2. If the retrohepatic cava was retained, the “piggyback” technique 
is used, in which the hepatic vein of the graft is sewn to the cloacae 
created from the confluence of the recipient hepatic veins. 
3. Next is portal vein anastomosis with careful suturing to avoid 
twisting, adding a growth factor to the sutures to avoid stenosis. 
4. Before reperfusion the liver is flushed with a cold colloid or albumin 
solution via the donor portal vein to reduce the risk of potential 
reperfusion-associated complications. 
5. Reperfusion is undertaken in a controlled manner by first removing 
the suprahepatic vena cava clamp, then the infrahepatic vena cava 
clamp, and lastly the portal venous clamp; or, in case of LRLT, the 
hepatic venous then portal anastomoses, respectively. 

Communication between the surgical and anaesthesia teams at the 
time of reperfusion is essential to allow the anaesthesiologist time to 
institute preparative and preventive measures. 

As blood is reintroduced into the liver allograft and allowed to 
drain into the right atria, many serious and potentially life-threatening 
complications can develop. The major challenges encountered by 
the anaesthesiologist at this point are life-threatening hyperkalaemia, 
acidosis, arrhythmias, and haemodynamic instability with or without 
surgical or coagulopathic bleeding. A contributing factor is the return of 
cold, acidotic, and hyperkalemic blood directly into the right atrium. It 
is at this point that maintenance of physiologic stability by the surgeon 
and anaesthesiologist in the preceding phases, the preoperative state of 
the recipient, and the intrinsic quality of the graft converge to determine 
early graft function as well as the course of the remainder of the 
operation. Without a doubt, this is one of the most hazardous portions 
of the liver transplant procedure. 
1. The hepatic arterial anastomosis is then performed. In some cases, 
when the arteries are small calibre (<3 mm), the arterial anastomosis 
is performed before reperfusion. In general, though, arterial inflow 
is obtained from one of the branches of the celiac trunk. In some 
instances, however, inflow from these vessels is not adequate, 
necessitating the use of aortic conduits. A conduit can be placed either 
on the supraceliac or infrarenal aorta. 
2. The biliary tree is then reconstructed by 
choledochocholedochostomy or by Roux-en-Y 
choledochojejunostomy, the latter being more common in biliary 
atresia cases, in small children, and used exclusively in partial liver 
grafts because of the size of the donor duct. 
3. After ensuring sufficient haemostasis, drains are placed, and the 
abdominal cavity is closed. In cases of large-for-size grafts, those with 
a graft weight-to-recipient’s body weight ratio (GRWR) >4–5, the 
abdomen is closed over a synthetic prosthesis only so as not to kink 
the vessels and compromise the graft; this prosthesis can be removed a 
few days later. 
4. The patient is then transferred directly to the ICU. 
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Postoperative Care
Very close follow up is the mainstay of posttransplant care in children. 
Most of the patients will have a very short period of ventilation unless 
there is pulmonary hypertension, and some of the patients are extubated 
in the theatre. Regular laboratory investigations to detect early mani-
festations of sepsis, rejection, or vascular insult are mandatory, even in 
asymptomatic patients. Duplex study is done daily in the first 2 weeks 
to detect vascular flow, changes in wave patterns, areas of congestion, 
and biliary radicles.

Graft function can be assessed in many ways. Physiologic and 
clinical assessment can be done almost immediately. A warm, 
arousable, and haemodynamically stable patient with a graft producing 
“golden-brown” bile is the hallmark of a functional graft. Failure of 
a graft without vascular compromise (primary nonfunction) requires 
retransplantation in almost all cases, with the outcome directly related 
to the time to retransplantation. The incidence of primary nonfunction 
in paediatric patients is 5–10%. Renal functions should be assessed 
accurately, and the possibility of systemic hypertension and diabetes 
due to immune suppression is assessed.
Technical Complications
Technical complications can be divided into vascular, biliary, and 
general surgical complications. In the early postoperative period, infec-
tious and general surgical complications of liver transplantation today 
are similar to those that occur after any major abdominal operation. 
However, the incidence of fungal infection is higher and the incidence 
of bowel perforation in paediatric recipients is as high as 19% in some 
series.

Vascular complications
Major vascular complications include hepatic artery thrombosis, portal 
vein thrombosis, and vena caval thrombosis or stenosis. Intravenous 
low-dose unfractionated heparin is used for prophylaxis to prevent 
vascular thromboses in some centres. In the authors’ unit, aspirin is the 
only drug used for its antiplatelet effect. Early detection is essential. For 
rapid management, duplex ultrasonography (US) is usually the first line 
for diagnosis because it is done routinely. Computed tomography (CT) 
or conventional angiography are accepted means of diagnosis. 

Hepatic artery thrombosis (HAT) is the most common vascular 
complication, with an incidence that varies from 5% to 18%, depending 
on patient age and type of graft. Early vascular complications are 
usually technical in nature, whereas immunologic and infectious 
(e.g., cytomegalovirus, or CMV) causes have been ascribed to those 
occurring months after transplantation. HAT occurring in the first 
week after liver transplantation is commonly associated with graft 
nonfunction and biliary necrosis or leak. Those instances occurring 
later do not necessarily affect graft function immediately but can 
produce biliary complications, including intrahepatic biliary abscesses, 
biliary anastomotic stricture, and sclerosing cholangitis with sepsis, all 
of which lead to significant morbidity. 

If diagnosed early, some patients can be managed by thrombectomy 
and surgical revision. However, most patients with early HAT require 
urgent retransplantation. Late HAT with preserved graft function 
can be managed by radiologic interventional techniques, and the 
patient can undergo retransplantation remote from the time of the 
initial transplant procedure. Thrombosis of the portal vein occurs 
in 2–4% of paediatric liver transplant procedures and is usually 
associated with loss of the graft. Prompt retransplantation is required 
for patient salvage. Late portal vein thrombosis usually presents as 
recurrent variceal bleeding or ascites and can be managed medically, 
endoscopically, or surgically with either shunting or retransplantation. 
Vena caval or hepatic vein thrombosis or stenosis occurs in 3–6% of 
paediatric liver transplant patients and is manifested with ascites or 
pleural effusion; it is usually best managed with balloon dilatation in 
an interventional radiology unit.

Biliary complications
Biliary complications that are not associated with HAT occur in 3–20% 
of patients, depending on the type of graft and whether a choledocho-
jejunostomy was employed. These complications usually result from 
technical errors, but occasionally warm ischaemia or immunologic and 
infectious factors can be implicated (e.g., CMV). Diagnosis is achieved 
by cholangiography, and treatment can be by endoscopic or radiologic 
intervention or by surgical revision.

Immunosuppressive therapy and rejection
Immunosuppression for liver transplantation in the modern era rests on 
a class of drugs known as calcineurin inhibitors (CNI), the prototype 
of which is cyclosporine. Cyclosporine—especially its microemulsion 
formulation, which allows better bioavailability and more consistent 
therapeutic levels—revolutionised organ transplantation by reducing 
the incidence of rejection in all solid organs. The second-generation 
CNI tacrolimus was first used clinically in 1990. The greater potency 
of tacrolimus allowed for a further reduction in the early incidence of 
rejection after liver transplantation while also allowing earlier weaning 
of corticosteroid therapy. Initial reports of a higher incidence of oppor-
tunistic infections and posttransplant lymphoproliferative disorders 
have been refuted by modem data. Currently, most liver transplantation 
centres utilise a tacrolimus-based regimen combined with corticoste-
roid therapy with or without adjunctive agents such as mycophenolate 
mofetil (MMF). 

Cyclosporine and tacrolimus share certain acute and long-term 
side effects while having some that are unique to each agent. The 
most important of these is nephrotoxicity, which occurs in an acute 
variety from vasoconstriction of the afferent renal arterioles and is 
reversible, as well as a more chronic variety marked by tubular atrophy, 
interstitial fibrosis, and glomerulosclerosis. The chronic variety is 
variably reversible, depending on the degree of disease. To minimise 
acute toxicity and to allow lower early CNI levels, especially with 
pretransplant renal insufficiency, a purine antimetabolite mycophenolate 
mofetil is sometimes used as an adjunctive agent. 

The newest class of immunosuppressive agents are the inhibitors 
of the mammalian target of rapamycin, the prototype of which is 
sirolimus. This agent has been used sparingly in paediatric liver 
transplantation, and only preliminary data regarding its efficacy are 
available. Although this drug has no nephrotoxicity, it is associated with 
other long-term sequelae, such as hypercholesterolaemia. At present, 
there are no perfect immunosuppressive agents available. 

Acute rejection is common in paediatric liver transplantation, with 
the peak incidence occurring within the first 6 months; 30–50% of 
patients experience at least one episode. Acute rejection is less common 
after the first posttransplantation year, occurring in less than 10% of 
cases. Diagnosis of acute rejection is suspected when elevated aspartate 
or alanine transaminase levels or elevated alkaline phosphatase levels 
and gamma-glutamyl transferase levels are observed. Acute rejection 
is an alloantigen specific, T-cell-mediated inflammatory process that 
targets vascular endothelium and biliary epithelium but not hepatocytes. 
This is related to the greater expression of donor human leukocyte 
antigens on the former cell types. The histologic hallmark of acute 
rejection is a mixed inflammatory cell infiltrate (polymorphonuclear 
cells, lymphocytes, and eosinophils) in the portal triad with evidence of 
endothelitis and/or biliary epithelial injury. Rejection is graded as mild, 
moderate, or severe, depending on the proportion of involved portal 
triads, the degree of infiltrate and injury, and the presence of central 
vein endothelitis, which is a sign of severe acute rejection. 

Treatment of acute rejection is centred on a high-dose 
methylprednisolone bolus, but unresponsive cases may require use of 
antibody therapy (OKT-3, ATG). Acute rejection does not influence 
long-term graft survival in adults or children unless it occurs in 
multiple or corticosteroid refractory episodes. Acute rejection accounts 
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Organism Presentation Methods of diagnosis Antimicrobials

Cytomegalovirus (CMV) 

Infection results from: reactivation 
of virus; blood transfusion; 
infected transplanted organ.

Mild viral, “flu-like” syndrome 

lnvasive tissue infection 
(retinitis,pneumonitis, 
myocarditis, enterocolitis, 
hepatitis, central nervous 
system)

Quantitative CMV-DNA PCR

PP-65 antigen

Tissue cultures

Blood or fluid cultures

Biopsy with immunostains

Prophylaxis: intravenous ganciclovir, 
oral valganciclovir

Therapy: intravenous ganciclovir with 
or without CMV immunoglobulin

Epstein-Barr virus 
(EBV)

Spectrum: infectious 
mononucleosis to 
lymphoproliferative disease to 
lymphoma to EBV-associated 
soft tissue tumours

Occurs with EBV and 
immunosuppression,

10% to 15% infant liver 
transplantation

Gastrointestinal tract, neck, 
thorax, central nervous system

Quantitative EBV-DNA PCR

Blood smear

Biopsy with immunostains

CT scans of suspected sites

Prophylaxis: intravenous ganciclovir, 
oral valganciclovir

Therapy: acyclovir, reduction or 
withdrawal of immunosuppression.

Possible use of systemic 
chemotherapy for 
lymphoproliferative disorders or 
lymphoma

Herpes simplex virus 
(HSV)

Skin lesions, gastrointestinal 
tract disseminated herpes: 
fever, fatigue, abnormal liver 
functions, hepatitis, pneumonia

HSV-1 and HSV-2 antibodies

Biopsy with viral cultures
Acyclovir

Pneumocystis Atypical pneumonia, can progress 
to life-threatening pneumonitis Bronchoalveolar lavage, lung biopsy

Prophylaxis: Low-dose oral 
trimethoprim/ sulfamethoxazole, 
dapsone, or pentamidine

Therapy: High-dose intravenous 
trimethoprim/ sulfamethoxazole

Candida
Local mucous membrane, 

invasive tissue infection, 
fungemia

Blood, fluid, and tissue cultures, 
fundoscopic examination

Prophylaxis: Fluconazole, in very-
high-risk patients possibly lipid 
formulation of amphotericin B

Therapy: Fluconazole (for sensitive 
candidal species) or lipid 
formulation of amphotericin B, 
caspofungin, or voriconazole 
(insensitive Candida or Aspergillus)

Aspergillus

Entry via upper or lower 
respiratory tract with metastatic 
spread (central nervous 
system, intraabdominal, solid 
organ)

Blood, fluid, and tissue cultures,

Bronchoalveolar lavage, CT scans

Bacteria

Gram-negative: 
Enterobacteriaceae, 
Escherichia coli, Pseudomonas

Gram-positive: Enterococcus, 
Staphylococcus

Blood, fluid, and tissue cultures

Bronchoalveolar lavage, CT scans, 
surgical exploration

Varies

Table 126.1: Agents responsible for infectious morbidity, their presentation, diagnosis, and treatment.

for less than 3% of overall patient and graft loss. However, treatment 
of acute rejection is an important risk factor for the development of 
cytomegalovirus (CMV) and Epstein-Barr virus (EBV) infections 
in children. The latter is then a risk factor for the development 
of posttransplant lymphoproliferative disorder. Therefore, a balance 
between adequate immunosuppression to prevent acute rejection and 
over-immunosuppression to avoid toxicity is necessary. Currently, 
long-term morbidity from immunosuppressive drug therapy is the 
major challenge facing long-term survival and QOL in the paediatric 
solid organ transplantation population. 

Chronic rejection is a common cause of late graft loss in children; 
disease recurrence is uncommon. Chronic rejection is not entirely 
alloantigen driven and may be due to a number of factors that share 

a final common pathway of graft injury. The hallmark of chronic 
rejection is the intrahepatic loss of bile ducts, which has been termed 
“vanishing bile duct syndrome” owing to this histological finding 
noted on biopsy. Rejection is suspected by the presence of progressive 
jaundice and a rising serum alkaline phosphatase level. Currently, 
there is no prophylactic or therapeutic agent available to treat chronic 
rejection, although progression of graft fibrosis may be forestalled by 
sirolimus, based on animal data. The only accepted treatment when 
decompensated graft failure occurs is retransplantation.

Infectious complications
Posttransplant infections are the most common cause of morbidity and 
mortality after liver transplantation. The highest incidence of bacterial 
and fungal infections occurs in the first month after transplantation. 
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Fungal infections occurring months to years after transplantation are 
unusual and are more commonly the atypical or endemic organisms, 
such as Cryptococcus, Mucor, Blastomyces, or Coccidioides spe-
cies. Viral infections are the most common infections after the early 
posttransplant period. CMV and EBV infections account for the vast 
majority of opportunistic viral infections. Overall reduction and more 
selective immunosuppression and prophylaxis with ganciclovir have 
reduced the incidence and morbidity of these infections. The other 
agents responsible for infectious morbidity, their presentation, diagno-
sis, and treatment are included in Table 126.1.

Of particular importance in children is the prophylaxis and 
effective treatment of EBV. This is associated with the development 
of numerous malignant consequences, the most common of which 
is a diffuse proliferation of lymphoid tissue known as posttransplant 
lymphoproliferative disorder. This disorder can present as a 
mononucleosis-like syndrome with diffuse lymphadenopathy or 
as lymphoma involving any organ. A variety of other tumours 
are also associated with EBV infections. The general therapy for 
posttransplant Iymphoproliferative disorder is reduction or elimination 
of immunosuppression and, occasionally, surgical intervention and/or 
chemotherapy. The complete discussion of these disorders is beyond 
the scope of this chapter.
Outcome
Numerous factors are known to impact patient and graft survival in 
children after liver transplantation. Overall, survival has improved, 
with 1-year and 5-year patient survival approaching 90% and 80%, 
respectively, in patients younger than 18 years of age. Age, nutritional 
status, urgency of transplantation, the indication for transplantation, 
and presence of renal dysfunction are all major factors that determine 
outcome. Whereas early data have suggested that patients with biliary 
atresia have worse outcomes due to their often malnourished state, 
young age, and previous surgical intervention, more recent data suggest 
that this difference is not significant. Patients with metabolic disease do 
exceedingly well because they often are older, do not have liver failure 
and its sequelae, and have not previously undergone an abdominal 
operation. Finally, transplantation for malignancy in children is associ-
ated with survival that is substantially below average but much better 
than the natural history of the disease. Numerous large series exist in 
the literature detailing the improvement in outcome with experience. 

Although outcomes have improved, many issues remain to be 
resolved. The first and foremost is organ shortage. The number of 
listed patients awaiting liver transplantation is increasing steadily, 
whereas the number of suitable donors, even with segmental liver 
transplantation, has plateaued. Strategies aimed at expanding the donor 
pool and allocating organs to those patients who have not only the 
greatest survival benefit compared with pretransplant survival but also 
the greatest chance of optimal posttransplant outcome are essential. 
National policies aimed at effectively identifying donors amenable for 
organ splitting and development of local, regional, and national sharing 
of split grafts still await refinement.

Finally, the development of gene therapy or optimisation of 
hepatocyte transplantation as alternatives to whole organ transplantation 
for metabolic diseases may alleviate some of the current organ shortage. 

Another important challenge for the liver transplantation community is 
the perfection of immunosuppression. Currently, all immunosuppressive 
agents have long-term side effects that result in impaired growth 
and development, infectious morbidity, malignancies, and numerous 
medical complications, including renal failure. The development of 
drug therapy that minimises or eliminates these complications is 
essential. Furthermore, a better understanding of the immunology of 
peripheral T-cell tolerance and chronic rejection is important. Although 
the past decade has witnessed improvements in many technical and 
immunosuppressive aspects of liver transplantation, improvements 

in survival and QOL in the next decade will rest firmly on a better 
understanding of the human immune system on cellular and molecular 
levels. The quest to achieve immunotolerance has been elusive. 

Intestinal Transplantation
Patients with intestinal failure (IF) will not be able to maintain a normal 
state of nutrition, fluid and electrolyte balance, nor normal growth and 
development. Because total parenteral nutrition (TPN) is only a sup-
portive modality that does not restore normal intestinal function, it is 
not a cure for IF. Besides, TPN is an expensive modality and has many 
serious long-term complications.

The prognosis for patients who develop severe complications from 
parenteral nutrition is poor. In this category of patients, it should be 
stressed that intestinal transplantation (ITx) is the only life-saving 
treatment with an unequivocal and well-proven survival advantage. 
The problem, however, is that all too often, transplant surgeons are 
confronted with patients being referred to ITx too late and in extremely 
bad general condition.
Historical Aspect
The experimental era of ITx was initiated by Lellehei and associates 
in 1959, and the transplantation of a multivisceral composite graft was 
performed by Thomas E. Starzl in 1960. The 1960s and 1970s saw nine 
published attempts of human ITx under the standard immunosuppres-
sion of that era (steroids, azathioprine, antilymphocyte globulin), but 
with disheartening outcomes. 

Under the era of cyclosporine, the first successful human 
multivisceral transplantation by Starzl and associates was performed in 
1987. Then, in 1988, the transplantation of the first isolated intestinal 
allograft from a live donor was performed, followed by the first 
combined liver-intestinal transplantation by Grant and colleagues. 

In 1989, with the use of tacrolimus, reports of series of patients 
undergoing successful ITx were first published. Today, tacrolimus 
is considered the mainstay of most immunotherapeutic regimens for 
recipients of ITx.
Indications for Small Bowel Transplantation
Intestinal failure can have life-threatening complications, have high 
morbidity and poor QOL, or result in early death despite optimal 
parenteral nutrition (PN). Indications for transplantation due to these 
consequences are the following: 
• Intestinal failure with life-threatening complications:

 ▪ TPN-induced liver disease;
 ▪ recurring catheter related sepsis;
 ▪ impending loss of central venous access; or
 ▪ frequent episodes of severe dehydration despite intravenous 
fluid in addition to home parenteral nutrition (HPN).

• Intestinal failure with high morbidity and poor QOL:

 ▪ frequent/chronic hospitalisations;
 ▪ narcotic dependency;
 ▪ inability to function (i.e., pseudo-obstruction, high output 
stoma); or
 ▪ patient’s unwillingness to accept long-term HPN.

• Intestinal failure virtually resulting in early death despite optimal PN:

 ▪ extremely short bowel syndrome; 
 ▪ congenital intractable mucosal disorder; or
 ▪ desmoid tumours associated with familial adenomatous polyposis.

Contraindications for Small Bowel Transplantation
Contraindications for small bowel transplantation can be absolute or 
relative. Absolute contraindications include: 
• nonresectable malignancy (local or metastatic);
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• severe congenital or acquired immunological deficiencies; 

• advanced cardiopulmonary disease;

• advanced neurological dysfunction;

• major psychiatric illness;

• sepsis with multisystem organ failure;

• multisystem autoimmune diseases;

• life-threatening and other noncorrectable illnesses not related to the 
digestive system;

• demonstrated patient noncompliance with medical recommenda-
tions; and

• insufficient vascular patency for central venous access for up to 6 
months following ITx.

Relative contraindications include:
• history of cancer in the past 5 years; 

• physical debilitation; 

• lack of family support; 

• infants weighing less than 5 kg; and

• multiple previous abdominal surgical procedures. 

Donor Selection and Preparation
The selection of a donor for ITx is based on ABO blood type, organ 
size compatibility, and virus serological results. Human leukocyte 
antigen (HLA) typing and cytotoxic crossmatch have not been uni-
versally adopted to the selection criteria. Preparation of the graft is 
done by administration of gut decontaminant solution (amphotericin B, 
polymixin B, gentamycin) through a nasogastric tube and intravenous 
antibiotics; this should be done as soon as possible.
Candidate Evaluation
A thorough and comprehensive multidisciplinary evaluation of patients 
with intestinal failure is essential to assess appropriate candidacy 
for transplantation and provide the best possible outcome for these 
complex patients. Candidates must be assessed from surgical, medi-
cal, and psychosocial perspectives by the transplant team and various 
consultants.
Living-Donor Intestinal Transplantation

The role of living-donor intestinal transplantation (LDITx) is not 
as well defined, mostly due to limited experience with the procedure.

The potential advantages of LDITx include the elimination of 
waiting time; minimisation of cold ischaemia time; better preservation 
of mucosal integrity; reduction of the risk of systemic sepsis from 
bacterial translocation; better HLA matching, reducing the risk of acute 
rejection; an elective surgery setting with shorter hospitalisation stays; 
and fewer hospital readmissions than reported following cadaveric 
ITx. The main disadvantage is the operative risk for the donor and the 
potential problems associated with the use of a shorter graft.

The donor’s safety is the most important consideration in LDITx. 
The operative risk of a healthy adult undergoing elective segmental 
bowel resection is quite low—surely comparable to the risks taken by 
a living kidney donor for elective nephrectomy, and inferior to the risk 
of right hepatectomy for adult-to-adult living-donor liver transplant.
Operative Procedures
The fundamental strategy of multivisceral organ retrieval focuses on 
isolating the organs that will be procured for each individual recipient, 
and core cooling them with an infusion of a preservation solution (the 
University of Wisconsin solution). Multivisceral on-block retrieval, 
which includes the stomach, duodenum, pancreas, liver, and small 
intestine, is the parent operation, which bases its blood supply on the 
celiac and superior mesenteric arteries.

Five general graft options are available for ITx candidates, depending 
on the integrity of the remnant gastrointestinal tract and the status of the 
other visceral organs: 
• isolated bowel consisting of all or part of the jejunoileum;

• combined liver and intestinal graft;

• multivisceral graft consisting of the liver, stomach, pancreas, duode-
num, and jejunoileum;

• modified multivisceral graft to include the previous option without 
the liver; or

• isolated liver graft.

Isolated intestinal transplant
The basic steps for an isolated intestinal transplant procedure are as follows:
Step 1: Donor operation (organ procurement, cadaveric):

 ▪ The aorta and inferior vena cava (IVC) and mesentery root are 
exposed retroperitoneal.
 ▪ The infrarenal aorta is cannulated and systemic heparinisation 
is carried out.
 ▪ The IVC above the diaphragm is sectioned and the thoracic 
aorta is cross-clamped.
 ▪ The visceral organs are perfused with cold preservation solution.
 ▪ The entire intestine is mobilised and the duodenum and distal 
ileum are stapled.
 ▪ The superior mesenteric artery (SMA) and superior mesenteric 
vein (SMV) are dissected and divided.
 ▪ The liver, small bowel (SB), pancreas, and spleen are removed 
en bloc.

Step 2: Back-table preparation and core cooling with an infusion of the 
preservation solution:

 ▪ The liver is separated.
 ▪ The SMA is dissected until the first jejunal branch.
 ▪ The celiac trunk is dissected and the splenic artery is divided.
 ▪ The bile duct is divided at the superior aspect of the head of 
the pancreas.
 ▪ The SMV and portal vein are dissected.
 ▪ The neck of the pancreas is divided.
 ▪ The splenic vein is ligated and divided.
 ▪ The anterior surface of the portal vein and distal end of the 
bowel are marked.

Step 3: Recipient operation (implantation of the graft with establish-
ment of vascular anastomosis and gastrointestinal tract (GIT) recon-
struction) involves the following:

 ▪ arterial inflow: SMA versus infrarenal aorta;
 ▪ venous outflow: portal (SMV or portal vein) versus systemic 
(IVC or left renal vein);
 ▪ GIT reconstruction: proximal and distal anastomosis with cre-
ation of a proximal stoma;
 ▪ biliary reconstruction; and
 ▪ a double lumen gastrojejunostomy tube. 

Combined liver and intestinal transplant
The basic steps for a combined liver and intestinal transplant procedure 
are as follows:
Step 1: Donor operation (organ procurement):

 ▪ The organs are procured en bloc with preservation of the celiac 
artery and SMA with a Carrel patch of the aorta.
 ▪ IVC is divided just above the diaphragm suprahepatic and just 
above the renal veins infrahepatic.
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Step 2: Back-table operation and core cooling with an infusion of the 
preservation solution:

 ▪ The Carrel patch is anastomosed to a conduit of the donor tho-
racic aorta.

Step 3: Recipient operation (implantation of the graft with establish-
ment of vascular anastomosis and GIT reconstruction) involves the 
following:

 ▪ removing the diseased organs;
 ▪ donor aortic conduit anastomosed end-to-side with recipient 
aorta; 
 ▪ donor suprahepatic IVC anastomosed to recipient hepatic veins;
 ▪ portal vein anastomosis;
 ▪ reperfusion; and
 ▪ GIT and biliary reconstruction. 

Multivisceral transplantation
Multivisceral transplantation has the following features:
• The abdominal exenteration results in a larger cavity for the new graft.

• There are fewer vascular and enteric anastomoses.

• The vascular inflow to the multivisceral graft can be obtained either 
from the infra- or suprarenal aorta.

• The outflow of the graft is via the suprahepatic vena cava of the 
donor. 
For a living-related donor for intestinal transplantation, the 

procedure includes:
• A 150–180-cm graft of small bowel is measured, starting 20 cm from 
the ileocaecal valve (ICV), making sure to leave at least 60% of the 
small bowel for the donor.

• Arterial inflow is through the terminal branch of the SMA just distal 
to the take-off of the ileocaecal branch, with its vein next to it. 

Postoperative Management
Medical
Immediately postoperative, the patient is transferred to the paediat-
ric intensive care unit (PICU) where meticulous assessment should 
include respiratory status, oxygenation and ventilation, fluid status, 
cardiovascular status, renal function, neurological status, electrolyte 
balance, surgical dressings and drains, any bleeding, pain management, 
and medication administration. Frequent monitoring of vital signs and 
obtaining blood for laboratory tests is also done. Doppler US is rou-
tinely performed on postoperative day 1 to assess vessel patency or as 
clinically indicated.

The intermediate phase of care begins approximately 7 or 8 days 
after transplantation. By this time, most patients have been extubated, 
have had most monitoring lines removed, and have been stabilised 
enough to transfer to the paediatric step-down unit. The assessment 
continues to cover the major organ systems. 

Immunosuppression
Over the past decade, new potent immunosuppressives have become 
available. The introduction of tacrolimus has improved patient and graft 
survival rates and continues to be the cornerstone of most immunosup-
pressive regimens after ITx.

Most successful immunosuppressive regimens currently are based 
on tacrolimus and steroid therapy. Several centres are adding third 
agents to this cocktail to improve success. Still, rejection, infection, 
and immunosuppressive-related side effects are common. These 
issues have driven efforts towards the development of newer, novel 
immunotherapeutic protocols. The most promising current protocols 
involve the addition of the interleukin-2 receptor antagonist, sirolimus, 
rabbit antithymocyte globulin, and alemtuzumab. 

Monitoring of the graft function
Monitoring of the graft function is clinically in the first line. Symptoms 
of graft dysfunction are ballooned abdomen, abdominal pain, liquid 
diarrhoea, vomiting or ileus, and dark purple color of graft mucosa. 
Further diagnostic examination contains an endoscopic inspection 
of the graft with serial biopsies. Endoscopic access is via the grafts 
ileostomy. During the early postoperative phase, graft endoscopies are 
performed twice weekly.

A helpful development was the introduction of zoom endoscopy, 
which allows better macroscopic inspection of the villus. An intestinal 
contrast media passage is performed at postoperative day 4 or 5 to 
verify patency of the gastrointestinal anastomoses. At present, specific 
parameters for monitoring of intestinal graft function are currently not 
available. Thus, laboratory chemistry is restricted to routine parameters. 
Postoperative Complications
Rejection
After sepsis, rejection is the second most common cause of death in small 
bowel transplant recipients, but it is the primary reason for graft loss. In 
practice, rejection and infection often occur simultaneously, and it may 
be difficult to determine which one is the dominant pathologic process.

Higher immunosuppressive maintenance therapy in the intestinal 
transplanted patient increases the risk of infection, tacrolimus-induced 
nephrotoxicity, and posttransplant lymphoproliferative disorder (PTLD).

The clinical presentations of acute rejection include fever, diarrhoea, 
malabsorption, bloody ostomy drainage, paralytic ileus, or an increase 
in liver function tests. Fever is the most common presentation. 
Diarrhoea is also a common manifestation of acute rejection. The 
amount of ostomy output should be monitored closely. A significant 
decrease in ostomy output, however, can also reflect rejection because 
bowel motility can be suppressed by rejection, similar to paralytic ileus. 

Acute episodes of rejection occur early posttransplant, mostly 
within the first 6 months, and then decline rapidly with very few 
episodes observed past 2 years after transplant. 

An assessment of acute rejection in ITx is based primarily on 
pathological findings found on multiple biopsies taken during 
endoscopic survey. Endoscopy and biopsies should be performed 
twice weekly during the patient’s initial 2-3 weeks posttransplant 
hospitalisation, then weekly over the next 3 months, and then monthly 
until stoma closure. During the course of any rejection, biopsies should 
be performed at least twice a week. 

Prevention and treatment of rejection are the most difficult and most 
important dilemmas in clinical intestinal transplantation. Early detection 
of rejection and timely initiation of treatment are critically important for 
intestinal transplant recipients. The recent introduction of daclizumab as 
a third agent to be administered with corticosteroids and tacrolimus for 
induction therapy has improved early postoperative outcomes. 

Treatments for acute rejection include augmentation with steroids, 
upward adjustment of the tacrolimus level, or the use of antilymphocyte 
antibody immunosuppression, such as OKT-3. 

Infections
Infection is a significant postoperative complication with any solid 
organ transplant patient due to the use of immunosuppressive medica-
tion to control rejection. As noted earlier, immunosuppression is kept 
at higher levels within these intestinal transplanted patients to decrease 
episodes and severity of rejection. This increases the risk of infection. 
The literature reports that 91% of transplant recipients developed infec-
tious complications within the first year of transplantation. 

Posttransplant lymphoproliferative disease
PTLD is the most common cause of late graft loss in ITx. This high 
incidence of PTLD in ITx recipients is likely related to the high level 
of immunosuppression in these patients and possibly from the high 
lymphoid cell content in the intestinal allograft. 
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Table 126.2: Evidence-based research.

Title Impact of liver transplantation on HRQOL in children less 
than 5 years old

Authors Cole CR, Bucuvalas JC, Hornung RW, Ryckman FC, et al.

Reference Pediatric Transplantation 2004; 8:222–227

Problem Assess health-related quality of life (HRQOL) score 
in comparison to type of liver transplantation whether 
cadaveric or living-related.

Intervention adaveric donor liver transplantation (CDLT), living-related 
liver transplantation (LRLT)

Comparison/
control 
(quality of 
evidence)

HRQOL scores were determined before and one year after 
transplantation. In addition, demographic and clinical factors 
associated with QOL were assessed during the period of the 
study, which was between October 1997 and January 2002. 

Outcome/ 
effect

The baseline infant-toddler health status questionnaire 
(ITHQ) subscale score was greatest for global mental health 
(GlobalMH); the score improved significantly during the 
first 6 months after transplantation, and the score steadily 
improved over the rest of the first year. The ITHQ subscale 
score at baseline was similar for children receiving CDLT 
and those receiving LRLT. Children with biliary atresia had 
lower baseline scores than those with other diagnoses. 
Multivariant analysis conducted to identify independent 
predictors of the ITHQ subscale score revealed that donor 
type had no effect on QOL parameters. 

Historical 
significance/ 
comments

This report on assessment of HRQOL in children younger 
than 5 years of age receiving liver transplantation empha-
sized that the functional health of children who received 
LDLT was similar to that of children who received CDLT. 

Further analysis showed that functional health improves 
with time elapsed since transplantation in both groups. 
These results are similar to those obtained in older children 
(>5 years of age) who underwent liver transplantation. In 
this study, age at transplant had a negative effect on the 
impact of the illness on the patient. Age at transplantation 
did not affect any of the other scales of ITHQ. GlobalMH 
improved with an increase in the number of inpatient 
hospital days.

The study had several limitations: (1) basing the 
study on the experience of a single paediatric liver 
transplant program limited its sample size and statistical 
power; (2) all demographic characteristics of families are 
representative of the population referred to that institution 
for transplantation but may not reflect those at other 
centres; and (3) the bias of the parents in completing the 
questionnaire.

The authors concluded that HRQOL improves after 
transplantation in all of their patients irrespective of the 
donor type. As the number of paediatric patients who 
receive liver transplantation increases, it is important for 
health care providers and families to be aware of HRQOL 
improvements. Functional health, clinical outcome and cost 
must be part of the discussion between caregivers, health 
professionals, policy makers, and third-party payers.

Assessment of HRQOL should be an integral part of the 
care of liver transplant patients and their caregivers. 

The term “EBV-associated PTLD” is used to include all clinical 
syndromes associated with EBV-driven lymphoproliferation, ranging 
from a benign self-limited form of polyclonal proliferation to true 
malignancies containing clonal chromosomal abnormalities. Pathology 
remains the gold standard for PTLD diagnosis. 

In the absence of reliably effective therapy for all stages of 
PTLD, the optimal strategy for management is currently focused on 
prevention. Recommended strategies for prevention are identification 
of the patient at high risk for PTLD development prior to transplant 
to be adequately monitored. Aggressive immunosuppression 
should be employed only in the presence of biopsy-proven acute 
rejectiManagement includes reducing immunosuppression, surgical 
resection, local irradiation, antiviral agents (acyclovir, ganciclovir), 
and passive antibody (intravenous immunoglobulin, or IVIG). When 
reduction in immunosuppression fails, anti-CD20 antibody (e.g., 
rituximab) represents an attractive second-line therapeutic option 
because of its low toxicity.

Graft versus host disease
Graft versus host disease (GVHD) occurs when immunocompetent 
donor lymphoid cells damage recipient tissues after allogeneic trans-
plantation. The major targets are epithelial cells of the skin, intestine, 
and liver. This complication had been anticipated after clinical intes-
tinal transplantation because the large inoculum of lymphoid cells in 
a small bowel graft was predicted to increase the likelihood of this 
disease. The diagnosis of GVHD is based on clinical presentation and 
includes a skin biopsy for histopathological confirmation. 

The development of GVHD is almost always associated with a low 
level of immunosuppressive agents, and patients usually respond well 
to the augmented immunosuppression. 

Other postoperative complications
Other postoperative complications include recurrence of the original 
disease and preservation and reperfusion injury. 
Surgical Complications
Surgical complications that need emergency operations are graft duo-
denal stump leaks, spontaneous small bowel perforations, abdominal 
compartment syndrome, acute bowel obstruction, wound dehiscence, 
biliary stricture, reflux at esophagogastrostomy, pancreatitis, intraab-
dominal haemorrhage, intraabdominal abscess, and anastomotic leaks 
occurring at the coloanal and esophageal anastomosis leading to peri-
tonitis. Graft-associated vascular complications include hepatic artery 
thrombosis, disruption of the aortic anastomosis, portal vein stenosis, 
and chylous ascites. 
Outcome and Quality of Life
The University of Pittsburgh Medical Center has the largest single 
experience in transplantation worldwide; the present transplant rate 
exceeds 60 cases per year. Their latest reported figures showed a 1-year 
patient survival of 92% in 89 patients transplanted between 2001 and 
2003. The numbers of successful intestinal transplants that are now 
more than 10 years posttransplant are accumulating, with the longest 
survivor now approaching 15 years posttransplant. 

Following transplantation, overall QOL improved significantly; 
there was an average improvement in all the parameters in patients 
following transplantation; and significant improvements were seen in 
psychological, physical, and social aspects. 

Survival of intestinal transplant recipients can be expected to 
improve further with earlier referral, as the procedure is more successful 
when patients are transplanted from home. Successful outcome should 
not be judged on survival alone, however. It is reasonable to know 
whether the quality of the extended life is good, thus justifying the 
stress of further surgery and hospitalisation. 

Evidence-Based Research
Table 126.2 presents a study on health-related quality of life (HRQOL) 
for liver transplantation children younger than 5 years of age, compar-
ing those with living-related and cadaveric donor liver transplantation 
(CDLT).
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Suggested Reading

1. Paediatric transplantation is considered one of the difficult tasks 
to be achieved in the African continent due to lack of resources, 
cadaveric programs, and technical facilities, as well as delayed 
referral of cases.

2. Liver transplantation is now the standard treatment for end-
stage liver disease in children.

3. Extrahepatic biliary atresia is the main indication for paediatric 
liver transplantation, constituting 60–70% of the indications.

4. Malnutrition, vaccination problems, and long waiting lists are 
major pretransplant issues still to be addressed. 

5. Small-sized vessels, donor-recipient size mismatch, and 
previous surgeries are all technical difficulties unique to 
paediatric liver transplantation.

6. Vascular complications, especially hepatic artery thrombosis, 
are not still considered a major problem.

7. Although biliary complications are frequent in paediatric living-
related transplantation, they are not associated with decreased 
patient survival.

8. In children, morbidity and mortality rates from infections exceed 
those from rejection after transplant, and immunosuppression 
can hinder growth, renal function, and graft tolerance.

9. Intestinal transplantation is a more advanced procedure, with 
mainly cadaveric donors.

10. Liver and intestine or en bloc transplantation has better results 
than intestinal alone.

11. Both infection and rejection contribute to the lower success 
rate of combined liver and intestine or en bloc transplantation 
compared to liver transplantation.

Key Summary Points
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Introduction 
The challenges facing Africa in delivering high-quality paediatric surgi-
cal care during the next century are great. Overcoming poverty, difficult 
access to medical care, governmental instability, lack of trained physi-
cians, and a large burden of existing and emerging diseases all appear 
at times insurmountable. In September 2000, the largest gathering of 
heads of state ever held, including leaders from 189 countries, adopted 
the Millennium Declaration with eight Millennium Development Goals 
(MDGs) as a blueprint to accomplish by the year 2015.1 These include 
progress in ending poverty and hunger; addressing universal education, 
gender equality, child health, and maternal health; combatting HIV/
AIDS; and working toward environmental sustainability and global 
partnership. The MDG update report for 2008 shows that Africa contin-
ues to have the largest need of any continent in the world, and is making 
only minimal progress in meeting its goals.2 

Medical diagnostics and therapeutics are becoming more advanced 
daily, creating a larger gap between services possible in the industrialised 
world and those available to most Africans. The physician in Africa is 
forced to work between two worlds: one of technologic advancement 
and voluminous medical information and one of limited resources 
and profound medical need. How can the modern African surgeon 
bridge this gap? Appropriately applied technology can provide part of 
the solution. Information and communication technologies continue 
to undergo a revolution, making instant access to remote locations 
easier and less expensive. Telemedicine utilises these technologies to 
bring medical information and services to geographically or physically 
isolated people who would not otherwise be able to reach a physician. 
Perhaps the greatest utility of these technologies is in the developing 
world, where the disparity between access and need is the largest. The 
World Health Organization (WHO) has recognised the capacity of 
telemedicine to increase health care information and delivery. WHO 
recommends that all their member states should:

applications of telemedicine is of great importance for the African 
surgeon. This chapter is written as an introduction to that knowledge.

Definition of Telemedicine
Telemedicine is the delivery of health care and the exchange of health 
care information across distances.5 Information, rather than the individu-
als, is moved from one place to another. Analog voice and video are 
fading from use, although we may continue to rely upon handwritten 
messages—the modern information mode is digital. The capture and 
exchange of digital information is enabled by the targeted use of medi-
cal recording devices and communication technologies. Telemedicine is 
not a new form of medicine or a separate specialty; rather, it is technol-
ogy applied to the entire scope of current medical activities to link one 
location to another. Telemedicine finds application in clinical evaluation 
of patients, physician consultation, continuing education for health care 
providers and the public, administrative tasks, and research. The term 
“telecare” refers to telemedical applications to deliver services to chron-
ic or debilitated patients at home or in specialised care centres. An argu-
ment has been made for utilisation of the term “telehealth” to include 
public health ventures and other health professionals such as community 
health workers and psychologists.6,7 The term “e-health” has also gained 
some favor to include medical applications utilising the Internet.8 

History
Over the years, telemedicine has mirrored the development of commu-
nications technology. In the mid-19th century, the telegraph was utilised 
to convey casualty information and order medical supplies during the 
American Civil War.5 The telephone was introduced in the late 19th 
century, and it immediately found widespread telemedical applica-
tion. Radio medical consultation occurred as early as 1920 through the 
Seaman’s Church Institute of New York to provide medical advice to 
seafarers. The International Radio Medical Centre (CIRM), which was 
set up in 1935, became the largest organisation to provide maritime 
radio telemedicine. In its first 60 years, CIRM gave medical assistance 
to more than 42,000 patients at sea.9 

The introduction of the television became a new source of 
inspiration for distance medicine. In the United States in 1964, the 
Nebraska Psychiatric Institute in Omaha set up a two-way closed-
circuit television link to Norfolk State Hospital, 180 km away.10 This 
was utilised for education and consultations between specialists and 
general practitioners. Another example was the Massachusetts General 
Hospital/Logan International Airport Medical Station established in 
1967, which accomplished a two-way microwave link for medical 
care of passengers and airport employees 24 hours a day.11 Satellite 
communications were first utilised in 1971 by the Alaska ATS-6 
Biomedical Demonstration, which worked to improve village health in 
Alaska by using satellite-mediated video consultation.12 

Initially, telemedical applications were expensive and required the 
funding of large high-tech ventures such as the space explorations of 
the National Aeronautics and Space Administration (NASA) in the 
United States. These applications were targeted for the monitoring 

integrate the appropriate use of health telematics in the 
overall policy and strategy for the attainment of health for 
all in the 21st century, thus fulfilling the vision of a world 
in which the benefits of science, technology and public 
health development are made equitably available to all 
people everywhere.3

The Africa Health Infoway is the current initiative of WHO 
to provide a technology platform that supports the collection of 
subnational health data and statistics for analysis, dissemination, and 
use to facilitate decision making in health and to strengthen the capacity 
of African countries to use information in decision making.4 WHO is 
working in collaboration with the International Telecommunication 
Union (ITU), Digital Solidarity Fund, Telemedicine Task Force, 
and others to establish telemedicine infrastructure, district health 
information systems, and e-health applications to improve health 
care delivery in Africa. Specific emphasis is being directed to remote 
areas. Having an understanding of the terminology, functioning, and 
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and care of their own astronauts, but were also expanded very early 
to meet the medical needs of rural populations, such as the Papago 
Indian Reservation in Arizona in 1972.13 NASA was also involved in 
the first international telemedicine programme in 1989 through the 
Space Bridge to Armenia and Ufa.7 This project was initiated following 
a massive earthquake that hit the Soviet Republic of Armenia. It 
demonstrated the utility of telemedicine to cross geographic, cultural, 
political, and economic distances. Four medical centres in the United 
States utilised video, voice, and facsimile to deliver telemedicine 
consultations over a satellite network. 

The contributions of many other individuals and organisations, 
combined with the rapid development of communications technologies, 
have led to the international explosion of interest and experience with 
telemedicine over the past 30 years. African telemedicine has seen 
several successful initiatives, but is still in its infancy. Perhaps the most 
established telemedicine system in Africa is the Réseau en Afrique 
Francophone pour la Télémédecine (RAFT).14 Formed in 2000, RAFT 
now broadcasts weekly continuing educational sessions, coordinates 
videoconferences, and facilitates teleconsultations to 10 French-
speaking African countries. The future of telemedicine and e-health in 
Africa is full of promise. 

Classification
Telemedicine can be classified by the people involved in the connec-
tion, the types of interactions, and the information conveyed. Typical 
forms of people interactions include clinical evaluation between doctor 
and patient, clinical consultation between physician and expert, and 
education between professor and student. Many other forms of com-
munication are possible, such as conferencing for strategic planning or 
administrative tasks. 

Interactions can be either asynchronous (also called store-and-
forward) or synchronous (real-time). These forms have their respective 
benefits and drawbacks. 
Asynchronous Telemedicine 
Asynchronous applications rely on storing prerecorded digital data, 
which can be accessed at any time by the recipient. One example 
is email, which is sent to and stored at a regional network server. 
Asynchronous telemedicine can be very convenient for both parties 
because it eliminates the need to coordinate complex schedules, some-
times across time zones, for a live consultation. The systems infrastruc-
ture to support it is relatively simple, generally requiring less bandwidth 
and fewer technical components than synchronous telemedicine. 
Asynchronous telemedicine also has much lower costs associated with 
its utility compared to live interactions. Teleradiology, teledermatology, 
and telepathology are fields of medicine that lend themselves well to 
this form, as they rely mainly on static images, which can be easily 
digitised and transferred. Electronic medical records (EMRs) and data 
reports are also conveyed well asynchronously. Asynchronous technol-
ogies have been shown to be feasible, clinically useful, sustainable, and 
scalable for the developing world.15,16 Disadvantages of asynchronous 
telemedicine include delay in response to the question, the impersonal 
nature of the communication, and the inability for the consultant to 
affect or manipulate how the data are acquired. Asynchronous technol-
ogy cannot be the primary modality for emergent situations.
Synchronous Telemedicine
Synchronous telemedicine involves a real-time connection with con-
tinuous streaming of data. One simple example of real-time audio tele-
medicine is through the use of the telephone. This has been widely used 
for patient evaluation, follow-up, and education. The current advances 
in mobile phone technologies are exciting, with many potential appli-
cations to telemedicine. Mobile phones have already been utilised 
effectively to convey digital images and electrocardiograms (ECGs). 
Another example, which many associate most readily with telemedi-
cine, is videoconferencing. This form of telemedicine is effective in 

terms of patient consultation and has good patient satisfaction.17,18 It 
allows immediate results, and consultants can request missing data with 
instant response. Real-time consultation also enables greater education 
to be conveyed from the expert to the recipient. Bergmo has estimated 
that a general practitioner in rural Norway was able to reduce his refer-
ral rate to an ear, nose, and throat (ENT) specialist by 50% in one year 
based on the improved knowledge acquired through weekly interac-
tions.19 Drawbacks to videoconferencing technologies include schedul-
ing difficulties, high costs for system acquisition and upkeep, and the 
larger bandwidth required to support the application. 

Types of Telemedicine Data
Data conveyed through telemedicine can be classified into text docu-
ments, audio, still images, and video images. All of these forms can 
be utilised by synchronous or asynchronous technologies. Text docu-
ments can be recorded in digital form on an EMR or digitised from 
paper forms with a document scanner. Audio applications include voice 
recording through radio, telephone, or video as well as digitised stetho-
scopes, which can be effective in evaluating heart tones. Still images 
can include radiographs, ECG tracings, digital photos, pathology slides, 
and other medical reports. Low-cost digital cameras can be invaluable 
in data recording. Diagnostic agreement between teledermatology 
consultations using digital still images and face-to-face consultations 
have been found to be between 51% and 95%, which is similar to 
levels of agreement between dermatologists in separate face-to-face 
examinations.20 Prerecorded telepathology images have been shown 
to have a high degree of agreement (97%) versus examination at the 
microscope.21 Radiology already has wide applications in telemedicine, 
and well-established DITEC standards of image quality.22 Videos are 
useful for patient exam, and for medical study data such as ultrasound, 
teaching, and operative recording. 

Distance Information Transfer
Transfer of digital data requires a recording device at one end that can 
encode the information for transfer, a transfer path or “backbone”, and 
a receiving device that can decode the information and display it. Many 
different technologies have been developed and continue to emerge to 
facilitate these three phases of distance information transfer. 
Data Technology
Digital data are transferred in quantities called bytes (B) and bits (b). 
A byte of information corresponds roughly to a single character of 
alphabetical text. Each byte is represented in the computer by 8 binary 
digits (either 0 or 1) called bits. Thus 5,000 bytes (5 kB) is equivalent to 
40,000 bits (40 kb). Telecommunication networks are evaluated by how 
much data-carrying capacity they have, or their bandwidth, which is 
measured in bits per second (bps). Bandwidth can range from 1,200 bps 
for certain mobile phones to more than 1,000 Mbps (1,000 million bps) 
for fibre-optic cables.5 The speed of data transmission is based on how 
much bandwidth is available. As more connections are made through 
the same server simultaneously, the amount of bandwidth available 
to any single user decreases. To speed data transfer or accommodate 
bandwidth, digital data can be compressed to smaller amounts by using 
algorithms such as those employed by commercial videoconferencing 
units. This, however, may lower the quality of the video image in order 
for it to be transmitted in real time. If higher quality is required, either 
more bandwidth is required for real-time functions or data can be sent 
asynchronously over a longer time. For many telemedical applica-
tions, however, data of adequate quality can be conveyed at very low 
bandwidth.23 Compression devices must be compatible on both ends 
of the link. International standards have been adopted through the ITU 
to ensure that videoconferencing units from different manufacturers 
can operate with one another. The common intermediate format (CIF) 
provides compatibility between the National Television Standards 
Committee (NTSC) broadcast TV video standards utilised in Japan and 
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North America and the phase-alternating line (PAL) used in Europe, 
despite the different display characteristics in these systems. 

For a telemedicine connection to be functional, it needs to have 
adequate bandwidth and be sufficiently reliable. Many possible 
solutions to the means of data transfer have been developed. The 
following discussion of the subtypes of data transfer is intended to show 
that a technical solution to the information problem can exist anywhere 
in the world. Some technologies lend themselves more strongly to the 
solution in certain areas. 

Standard telephone
Standard older telephone lines operate on an analogue-based public-
switched telephone network (PSTN). This technology sets up a one-
to-one connection between the ends of the link but has low bandwidth 
(56 kbps) and is not reliable due to complex mechanisms required for 
electromechanical switching. In addition, analogue data are lost based 
on the distance the information has to travel. 

Digital data transfer
The advance to digital data transfer used in Integrated Services Digital 
Networks (ISDN) in many areas of the industrialised world preserved 
the one-to-one connection of PSTN lines while solving some of its 
problems. Digital data are not lost or corrupted across distance, do 
not require electromechanical switching, and offer higher bandwidth. 
Basic-rate ISDN lines offer a bandwidth of 128 kbps in two separate 64 
kbps channels, which are capable of operating basic commercial video-
conferencing systems. Three ISDN lines can be aggregated together in 
a cable to provide bandwidth of 384 kbps, and primary-rate ISDN lines 
offer a bandwidth of 2 Mbps. ISDN lines are very useful for telemedi-
cine because they are reliable, secure, and have sufficient bandwidth. 
However, they are not available in most areas of Africa, require signifi-
cant cables to be run over large distances, and are expensive to operate. 
Telemedicine can employ such technology only when demand has been 
created by a wide range of commercial users. Due to these limitations, 
this is likely not the best solution for development of telemedicine 
infrastructure for Africa. 
Satellite
Satellite connection offers bandwidth similar to that of ISDN and has 
global coverage with good utility in remote locations. Satellite has tra-
ditionally been very expensive to establish and operate, but as technol-
ogy improves, costs decrease. The Telemedicine Task Force, composed 
of various African organisations, WHO, the European Commission 
(EC), and the European Space Agency (ESA) completed an evalua-
tion in sub-Saharan Africa in 2007, finding it the most disenfranchised 
region in the world with regard to Internet access.24 The Task Force 
concluded that complete telemedical coverage of the region could be 
accomplished by complementing the existing terrestrial infrastructure 
with satellite communications. 
Broadband
With reference to standard telephony, the digital subscriber line (DSL) 
is often referred to as broadband and provides the user with an Internet 
protocol (IP) address. It utilises the same copper wires as a telephone to 
establish a higher bandwidth connection. One limitation is that the con-
nection must be within 5 km of the telephone company switch, as speed 
drops off with distance. Also, the bandwidth to receive data is much 
higher than what is available to send data, so it has limited application 
for videoconferencing.
Wireless
Wireless technology is already finding widespread application in 
Africa through mobile phones. Currently, digital data transfer on this 
technology is limited by low bandwidth, similar to the situation with 
PSTN. Even at this bandwidth, some telemedicine applications are 
possible. Mobile phone technology has already been used to effectively 
transmit computed tomography (CT) scans25 and ECGs,26,27 evaluate 

soft tissue injury,28 and monitor glucose levels and insulin therapy in 
diabetics.29 As mobile third-generation (3G)  networks that offer higher 
bandwidth become established, more applications will be forthcoming.  
The development of fourth-generation (4G) networks carry bandwidth 
potential of 100 Mbps or perhaps a Gbps (1,000 Mbps). This can pro-
vide comprehensive Internet, voice, text, and video transmission wire-
lessly, where available. One special aspect of wireless is that it relies on 
line-of-sight transmission, so there must be a regular tower to pass on 
the signals. Wireless cannot go through walls unless the transmission 
energy is appropriately strong. Wireless can bridge back to a satellite 
transponder or to a suitable fibre-optic cable in larger cities. In terms of 
cost and utility for rapid telemedicine systems development, wireless 
technology will likely be the most appropriate solution in develop-
ing nations, rather than expanding traditional terrestrial forms such as 
ISDN. In currently available WiMAX (worldwide interoperability for 
microwave access) configurations, transmission rates for wireless eas-
ily reach a megabit per second (a million bps). WiMAX technology, 
a telecommunications protocol that provides fixed and fully mobile 
Internet access, is already available in many parts of Africa, with deep 
penetration in South Africa and Uganda. We can anticipate significant 
gains toward at least WiMax, and eventually 4G, for coverage of the 
continent with dependable and affordable telecommunications.

Asynchronous Transfer Mode takes advantage of fibre-optic cables 
for very high bandwidth transmission (gigabits per second). Usually 
this is used for the backbone for major telecommunications carriers for 
data transfer over large distances. It is not available for user application. 
Internet
The Internet is a collection of interconnected worldwide web (WWW) 
servers that store data for subsequent distribution to users. It is accessed 
via a modem at the bandwidth of the lines through which it operates. 
The Internet has limitless application for telemedicine. One of the dif-
ficulties with the Internet is limiting access to secured information. 
Virtual private networks (VPN) or private secure connections between 
two sites can be established. The limitation is the bandwidth available 
locally through the Internet service provider (ISP). In 2008, most of the 
world switched to the next protocol iteration standard, called IPv6. In 
this Internet agreement, delay at routers is much reduced, and privacy is 
greatly enhanced by encryption technology inherent to the format. The 
Internet can easily be made broadband by additional fibre links and can 
be accessed by satellite. 

Voice-over-IP technology is the intersection of Internet and telephony 
and can convey voice and imaging with great fidelity. Simple Internet 
access can assure participation in the global knowledge pool of 
medicine, which doubles every several years. Internet means that 
medical innovation need not remain out of reach until someone actually 
travels to the site of the innovation and participates in expensive courses. 

Internet email means that the community of medicine can be 
truly collegial. It allows physicians to contact peers in the region to 
accumulate information on disease burden or epidemics. Certainly, 
local experience is pertinent and may be paramount in seeking solutions 
for one patient or a population. Digitising data allows smaller areas to 
pool data into larger databases, which may have a higher impact on 
understanding regional disease patterns. Sometimes it is much more 
reasonable to contact the surgeon in the next district who shares the 
same issues and challenges rather than to look for advice from Europe or 
the United States. However, paediatric surgery is a specialty with certain 
diseases and congenital malformations that present infrequently. Many 
of these rarities can be easily treated with the right guidance. Internet 
email allows a doctor anywhere to contact the best medical centres with 
the most advanced technology to seek advice on difficult cases.

Implementing a Successful Telemedicine System
Many barriers and problems can exist when implementing a telemedi-
cine system. Programmes have been started with excitement only to see 
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expensive equipment sit idle. Careful planning, clearly defined objec-
tives, and perseverance are necessary for success.30 A list of helpful 
guidelines for anyone considering telemedicine applications follows:
1. Be sure technology supports a defined medical need. Purchasing 
expensive videoconferencing technology is wasteful if the objectives 
can be met through a simpler technology. American surgical teams 
visiting Africa have shown low-bandwidth store-and-forward patient 
descriptions and digital photos have high accuracy and utility for adult 
and paediatric surgical prescreening.31 These simple and inexpensive 
technologies should be the starting point for teleconsultation and 
network building in the developing world. 
2. Become familiar with technology and terminology and facile 
with such computer applications as Microsoft® Word, Excel, and 
PowerPoint. Be able to speak authoritatively with decision makers 
about plans and purchases. Telemedicine input is just as important 
as advice on the purchase of a new medical device or stocking a new 
drug. Be the champion and not the victim.
3. Utilise electronic means to record and track your own practice. 
Electronic charts and digital photos provide a great data resource for 
patient follow-up, can easily be transferred to email communication 
for consultation, and can be incorporated into data bases, papers, and 
presentations. 
4. Identify committed individuals at both locations in the consultation 
link who will champion the effort. If the desire and work is 
unidirectional, unanswered communication can cause frustration and 
system failure. 
5. Make technology infrastructure simple to use and reliable. All 
individuals directly involved need to have adequate training on 
the operating systems. Technical support should also be available. 
Apprehension about unknown and confusing technology can be a 
large barrier to some medical professionals becoming involved in 
telemedicine.
6. Develop good relationships with local government, surrounding 
hospitals, and remote sites. This is essential. The telecommunications 
backbone often requires upkeep and upgrading at the governmental 
level. Be open and honest about intentions and needs. 
7. Involve an expert when planning a budget for the project. Expenses 
for equipment acquisition and setup, communications charges, 
education, personnel, and data-recording devices need to be included. 
Reimbursement for services should be established with the consultant. 
Make clear which expenses are the responsibility of the remote site. 
Many private and public grants and initiatives for telemedicine are 
currently targeting sub-Saharan Africa. With clearly defined goals 
and needs assessments, money can be available to initiate these 
programmes. This is especially helpful in the initial start-up phase, 
when the majority of the financial burden exists for equipment 
acquisition and setup.
8. Look for international efforts that seem to be helpful. If short-
term volunteer groups are coming to the area, make the best use of 
their time by store-and-forward consultation ahead of time to set up 
an operative plan and list of equipment needs. These groups are an 
excellent resource for future collaboration and consultation on difficult 
cases. Make sure that you build relationships through progress reports 
and follow-up on patients these teams cared for. 
9. Take advantage of the many opportunities for virtual networking. 
Get email addresses of colleagues in the region and communicate 
frequently, anecdotally and even quantitatively, as you share your 
experiences, problems, and joy of practice in a virtual community. 
Contact a professional society with a question. Try the Swinfen Trust 
for consultation. Send an email to the corresponding author on a paper. 
Join a telemedicine society.

Tele-education
The Internet provides a platform of instant access to up-to-date medi-
cal information, continuing education, video instruction, medical soci-
eties, and research. Online publishing is unregulated, so care must be 
taken to gather information from reputable, peer-reviewed sources of 
information. Online access to medical societies, full medical texts, and 
journal articles has in the past been limited in Africa due to the cost 
of subscriptions. 
Health InterNetwork Access to Research Initiative
The Health InterNetwork Access to Research Initiative (HINARI) 
gives the developing world free or very low-cost online access to peer-
reviewed journals in biomedical and related social sciences. HINARI 
was launched in 2002 by WHO in collaboration with major publishers 
as well as public and private partners to strengthen public health ser-
vices by providing access to high-quality, relevant, and timely health 
information via the Internet to public health workers, researchers, and 
policy makers.32 Local, not-for-profit institutions can register for access 
to journals through HINARI with cost based on the country’s annual 
gross national income (GNI, World Bank figures). Those countries with 
GNI per capita below US$1,250, which includes many African nations, 
are eligible for free access. Those institutions in countries with a GNI 
of US$1,250–3,500 pay a fee of $1,000 per year per institution. The 
programme has more than 2,500 participating members in 113 countries. 
More than 100 publishers now give access to more than 5,500 full-text 
journal titles. The Internet also offers webinars and other websites for 
information. Because Internet data are not officially regulated, however, 
not all information is reliable. Professional societies are usually reliable 
and provide links on their websites to other good resources. 

Instructional and continuing education sessions can be established 
through a real-time video or audio link. This access can provide 
expertise that would otherwise rarely be available in remote settings.
Information and Communication Technologies 
Although widespread adoption of the use of information and commu-
nication technologies (ICT) has not occurred in sub-Saharan Africa, 
isolated examples of sustained use of ICT in health education do exist, 
which serve as models of what is achievable. The Internet, WWW, and 
videoconferencing offer seemingly simple solutions to the provision of, 
and access to, information and teaching for countries with a shortage 
of doctors. They also offer the potential of telemedicine and learning 
through case discussion. 

Several reasons exist for the lack of technology on the African 
continent, including restrictive telecommunications’ legislation, lack of 
basic infrastructure, and high telecommunication costs. Although every 
sub-Saharan African country has Internet access, this is presently mainly 
in the urban areas. Rural areas, where it is estimated that approximately 
two-thirds of sub-Saharan Africa’s population lives,33 have only limited 
access. Internet penetration for the continent is 11%, and for sub-Saharan 
Africa, it is 7%.34 Broadband penetration is about 1%, with fixed line 
broadband access less than 0.1%.35 Internet access costs are high. The ITU 
has developed an ICT Price Basket and ranks 161 countries on the basis 
of a set of standardized fixed phone line telephony, mobile cellular, and 
broadband services, and describes these in terms of relative cost expressed 
as a percentage of the average monthly GNI per capita. Nineteen of the 20 
most expensive services are in sub-Saharan African countries.  

Broadband costs vary greatly. In the Central African Republic, 
Ethiopia, and Malawi, the monthly cost of the ITU bundle for fixed 
broadband services is 39, 21, and 20 times the average per capita GNI 
per month, respectively. Broadband access exceeds the monthly GNI 
in 19 African countries.36 Satellite connectivity costs in Africa also are 
higher than in the developed world. The average annual satellite Internet 
licence fee for African universities in 40 countries was US$13,553, 
compared to US$426 for European Union universities.37 Even though 
prices have come down, they remain higher than terrestrial links.38
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Significantly more bandwidth has become available to Africa with 
the completion of the TEAMS, Seacom, and EASSY undersea cables 
that have been laid around the East coast of Africa, with landfall sites 
in South Africa, Mozambique, Tanzania, Kenya, Somalia, Djibouti, 
Eritrea, Sudan, and Madagascar. West Africa, which has long been 
dependent on the SAT3 cable for terrestrial bandwidth, will have 
another four undersea cables operational in 2011. Several countries 
have commenced laying a fibre-optic backbone between cities and 
into larger towns. Expectations are that bandwidth costs may fall by 
as much as 90%, but this has yet to realised.39 O3b, which stands for 
the “other three billion people” who do not have Internet access, is a 
company that announced an ambitious plan to position 16 satellites 
over the developing world to offer low-cost, high-speed access to the 
Internet. More cost-effective Internet-based communication may soon 
become a reality in Africa.

The Future 
The anticipated gradual deregulation of the telecommunication indus-
tries in Africa, reduction in bandwidth cost, and an associated increase 
in bandwidth provision will allow expansion of existing projects and 
the implementation of new projects. Internet penetration will, however, 
probably still remain low due to hardware setup costs. Internet access 
using mobile phones may increase penetration, but this is presently an 
expensive option. Videoconferencing hardware will remain expensive, 
but the alternative of desktop videoconferencing offers great promise 
for the African setting, especially if it is accomplished by using free 
and open source software. 

Africa has a rapidly developing cellular telephone industry, with 
cellular telephone penetration in the region of 37%, as opposed to 7% 
for Internet penetration. Cellular telephony is set to grow in Africa. 
In 2007, the GSM Users Association pledged US$50 billion to the 
development of cell phone infrastructure in Africa over the next four 
years, to which the World Bank added US$5 billion. Cell phone coverage 
will far exceed Internet coverage in rural areas. Rapid advances are 
being made in migrating e-Learning to m-Learning (mobile learning) 
on smart phones and personal digital assistants (PDAs). Surgeons have 
been leaders in the use of technology in medicine, and it is probable that 
Africa will leapfrog what the developed world has taken for granted in 
terms of PC-based access to the Internet and the WWW and join in the 
cellular phone environment. 

Conclusion
The medical needs of Africa are great, and many entities are committed 
to its improvement. Telemedicine can be utilised to bring high-quality 
information and medical care to locations previously limited by lack 
of finance, inadequate training, and geographic distance. Adherence 
to the principles described in this chapter can aid the development of 
successful telemedicine programmes throughout the African continent. 
WHO and many developed countries aim to aid Africa in its efforts to 
develop a functional telemedicine infrastructure that will ultimately 
have a major impact on the health of its children.

Helpful Resources 
• PubMed: The National Library of Medicine’s MEDLINE access 
(http://www.ncbi.nlm.nih.gov/PubMed) is a search engine offering 
free access to abstracts and many full-text articles for all medical 
literature indexed by the National Library of Medicine since 1966. 

• Telemedicine Information Exchange (TIE; http://tie.telemed.org) is 
the largest and most comprehensive online source of information 
on telemedicine. It offers a bibliographic database to more than 
15,000 telemedicine publications, information on more than 150 
major international telemedicine programmes, lists of telemedicine 
meetings and conferences internationally, information on vendors 
of telemedicine equipment, and an extensive list of links to other 
telemedicine resources.

• Google.com is one of the largest and best search engines on the Internet.

• The International Society for Telemedicine and ehealth (ISfTeH; 
http://isft.net) is an NGO in official relation with WHO that exists as 
an international umbrella for national telemedicine groups and func-
tions to disseminate knowledge and experience in telemedicine and 
e-health worldwide.

• The American Telemedicine Association (ATA; http://www.americ-
antelemed.org) sponsors an international special interest group. 

• The Swinfen Charitable Trust (http://www.swinfencharitabletrust.org 
runs a system that can be used in Africa for simple e-mail consultation.

1. Information available at: www.un.org/millenniumgoals/.

2. United Nations. The Millennium Development Goals Report 2008.

3. World Health Organization. A Health Telematics Policy (document 
DGO/98.1). WHO, 1998. 

4. World Health Organization. The Africa Health Infoway: A District-
based Public Health Information Network for African Health. 
Available at: www.who.int/kms/initiatives/ahi/en/. 

5. Wootton R, Craig J, Patterson V. Introduction to Telemedicine, 2nd 
ed. Royal Society of Medicine Press, 2006.

6. Mitchell J. Fragmentation to Integration: National Scoping Study 
for the Telemedicine Industry in Australia. Department of Industry, 
Science and Tourism, Canberra, ACT, 1998.

7. Norris AC. Essentials of Telemedicine and Telecare. John Wiley & 
Sons, 2002.

8. Goldstein DE. E-Healthcare: Harnessing the Power of Internet, 
E-Commerce and E-Care. Aspen, 2000.

9. Amenta F, Rizzo N. Maritime radiomedical services. In: Wootton 
R, ed. European Telemedicine 1998/99. Kensington Publications, 
1999, Pp 125–126. 

10. Benschoter RA, Wittson CL, Ingham CG. Teaching and 
consultation by television: I. Closed-circuit collaboration. J Hosp 
Commun Psychiat 1965; 16: 99–100.

11. Murphy RLH, Bird KT. Telediagnosis: a new community health 
resource. Observations on the feasibility of telediagnosis based on 
1000 patient transactions. Am J Public Health 1974; 64:113–119. 

12. Foote D, Hudson H, Parker EB. Telemedicine in Alaska: The ATS-6 
Satellite Biomedical Demonstration. National Technical Information 
Service (NTIS). US Department of Commerce, 1976.

13. Bashshur R. Technology Serves the People: The Story of a 
Cooperative Telemedicine Project by NASA, the Indian Health Service 
and the Papago People. US Government Printing Office, 1980.

14. Geissbuhler A, Bagayoko CO, Ly O. The RAFT network: 5 years 
of distance continuing medical education and tele-consultations 
over the Internet in French-speaking Africa. Int J of Med Informatics 
2007; 76:351–356. 

15. Wootton R. Telemedicine support for the developing world. J 
Telemd Telecare 2008; 14:109–114.

16. Wootton R, Prospective case review of a global e-health system for 
doctors in developing countries. J Telemed Telecare 2004; 10(S1):94–96.

References



782 Telemedicine and E-Health

17. Hailey D, Ohinmaa A, Roine R. Study quality and evidence of 
benefit in recent assessments of telemedicine. J Telemed Telecare 
2004; 10:318–324.

18. Mair F, Whitten P. Systematic review of studies of patient 
satisfaction with telemedicine. BMJ 2000; 320:1517–1520. 

19. Bergmo TS. An economic analysis of teleconsultation in 
otorhinolaryngology. J Telemed Telecare 1997; 3:194–198.

20. Whited JD. Teledermatology. Current status and future directions. 
Am J Clin Dermatol 2001; 2:59–64.

21. Williams BH, Mullick FG, Butler DR, Herring RF, O’Leary 
TH. Clinical evaluation of an international static image-based 
telepathology service. Hum Pathol 2001; 32:1309–1317.

22. Ruggiero C. Teleradiology: a review. J Telemed Telecare 1998; 
4:25–35.

23. Rosser Jr JC, Bell RL, Harnett B, Rodas E, Murayama M, Merrell 
R. Use of mobile low-bandwidth telemedical techniques for extreme 
telemedicine applications. J Am Coll Surg 1999; 189;397–404.

24. Telemedicine Initiative for Sub-Saharan Africa: Pilot Projects 
Proposal. European Space Agency, 20 March 2007. Available at: 
www.telecom.esa.int.

25. Reponen J, Ilkko E, Jyrkinen L, et al. Initial experience with a 
wireless personal digital assistant as a teleradiology terminal for 
reporting emergency computerized tomography scans. J Telemed 
Telecare 2000; 6:45–49.

26. Freedman SB. Direct transmission of electrocardiograms to a 
mobile phone for management of a patient with acute myocardial 
infarction. J Telemed Telecare 1999; 5:67–69.

27. Adams GL, Campbell PT, Adams JM, Strauss DG, Wall K, 
Patterson J, Shuping KB, Maynard C, Young D, Corey C, 
Thompson A, Lee BA, Wagner GS. Effectiveness of prehospital 
wireless transmission of electrocardiograms to a cardiologist via 
hand-held device for patients with acute myocardial infarction 
(from the Timely Intervention in Myocardial Emergency, NorthEast 
Experience [TIME-NE]). Am J Cardiol 2006; 98(9):1160–1164.

28. Hsieh CH, Tsai HH, Yin JW, Chen CY, Yang JC, Jeng SF. 
Teleconsultation with the mobile camera-phone in digital soft-tissue 
injury: a feasibility study. Plast Reconstr Surg 2004; 114(7):1776–1782.

29. Kollmann A, Riedl M, Kastner P, Schreier G, Ludvik B. Feasibility 
of a mobile phone-based service for functional insulin treatment 
of type 1 diabetes mellitus patients. J Med Internet Res 2007; 
9(5):36.

30. Latifi, Rifat. Current Principles and Practices of Telemedicine and 
e-Health. IOS Press, 2008.

31. Lee S, Broderick TJ, Haynes J, Bagwell C, Doarn CR, Merrell RC. 
The role of low-bandwidth telemedicine in surgical prescreening. 
J Pediatr Surg 2003; 38(9):1281–1283.Information available at: 
www.who.int/hinari.

32. World Health Organization. World Health Statistics 2010. WHO 
Press, 2010.

33. Internet usage statistics for Africa. Internet World Stats. Available 
at: http://www.internetworldstats.com/stats1.htm (accessed 23 
November 2010). 

34. Information society statistical profiles 2009 (Africa). International 
Telecommunication Union, 2009, 1-66. Available at: http://www.
itu.int/dms_pub/itu-d/opb/ind/D-IND-RPM.AF-2009-PDF-E.pdf 
(accessed 23 November 2010)

35. Measuring the information society 2010. International 
Telecommunication Union, 2009, 1-108. Available at: http://www.
itu.int/ITU-D/ict/publications/idi/2010/index.html (accessed 23 
November 2010) 

36. Hawkins R. Enhancing research and education connectivity 
for Africa—the findings of the African Tertiary Institution 
Connectivity Study (ATICS) and Lessons for the Future of 
Campus Networks. World Bank. Available at: http://www.oecd.org/
dataoecd/49/48/35765204.pdf (accessed 23 November 2010). 

37. Pehrson B, Comstedt A. Connecting West and Central Africa 
to the global research and education infrastructure. Available 
at: http://www.feast-project.org/documents/aauf-fibre-final-
report-2009-08-07.pdf (accessed 23 November 2010)

38. ICTWorks. Why Internet bandwidth prices are still high. Available 
at: http://www.ictworks.org/news/2010/05/05/why-african-internet-
bandwidth-prices-are-still-high (accessed 23 November 2010). 



CHAPTER 128

Paediatric Surgery Education in 
Sub-Saharan Africa

Maurice Mars

Paediatric surgery is part of the far greater problems facing health care 
and delivery in sub-Saharan Africa. The World Health Organizaton 
(WHO) World Health Report of 2006 summarises these: 

to return to being a true “general” surgeon with additional training 
in paediatric surgery. In the overall context of Africa, this additional 
training should also include neuro-, plastic, and obstetric surgery. This 
approach makes the assumption that there are or will be enough general 
surgeons, but there are not (Table 128.1).

Most sub-Saharan African countries have less than one surgeon per 
100,000 people; in contrast, the United States has 5.7 general surgeons 
per 100,000 people.6 It is estimated that the availability of surgical 
services in sub-Saharan Africa is “at least ten times below the minimal 
needs”.7 Just as for  paediatric surgeons, production of general surgeons 
in sub-Saharan Africa is not keeping pace with demand and migration, 
nor is the production of doctors.8,9 

The shortage of doctors in sub-Saharan Africa is acute. WHO 
suggests that at least 20 doctors per 100,000 people are required to 
provide minimum basic health services.2 Thirty-five sub-Saharan 
African countries fail to meet this criterion, and 28 countries have 10 
or fewer doctors per 100,000 people.10 For comparison, the number of 
doctors per 100,000 people in other countries is: Germany, 350; USA, 
270; England, 210; Brazil, 170; and Australia, 100. The African shortage 
is largely due to undersupply and migration to the developed world.2 

One solution is to produce more doctors. It is often forgotten that 
when there is a shortage of doctors, there is also a shortage of doctors 
to train doctors. Africa has 121 medical schools, a ratio of 1 per 7.6 
million people, compared to the developed world norm of 1 per 2 
million people. Of the 121 African medical schools, 87 are in sub-
Saharan Africa, and four countries do not have a medical school.11 
Although there is a trend for medical schools to increase their output, 
they are not meeting needs. Producing more doctors, however, is not 
always a solution; Kenya has trained more doctors than it can afford 
to hire in the public sector.7 The need to return to practical surgical 
training at African medical schools has been suggested, with students 
being expected to “have performed numbers of simple, frequently 
required operations”.12 

Even were the human resource deficiencies to be corrected, the 
problem of under-resourced facilities remains. Fifty-three percent of 
people in sub-Saharan African countries live on less than US$1 per 
day.10 Poverty is extreme. The gross national income of these countries 
is low, and governments budget a smaller percentage of an already 

A major problem with paediatric surgery care in developing 
countries is that there is a general lack of knowledge regard-
ing the care of children with surgical disease.1

The WHO Region of the Americas with 10% of the global 
burden of disease, has 37% of the world’s health workers 
spending more than 50% of the world’s health financing, 
whereas the African Region has 24% of the burden but only 
3% of health workers commanding less than 1% of world 
health expenditure. The exodus of skilled professionals in 
the midst of so much unmet health need places Africa at the 
epicentre of the global health workforce crisis.2 

Despite the ravages of tuberculosis (TB), malaria, and human 
immunodeficiency virus (HIV), the population of Africa is forecast to 
increase from 967 million people in 2008 to 1,998 billion people in 
2050.3 That means more than 1 billion children will be born in Africa 
over the next 42 years. This will place an additional strain on the 
continent’s already overburdened and underresourced health services. 
With an estimated cumulative risk of 85% for all surgical conditions 
by age 15 years, the demand for surgical care of children will continue 
to increase.4 

Who will provide this care? Currently, 44% (426 million people) 
of sub-Saharan Africa’s population are 14 years of age or younger.3 In 
2002, only 39 paediatric surgeons were reported to be in sub-Saharan 
Africa. That number is probably now nearer 100, with the majority in 
Nigeria and South Africa. This gives a rough ratio of about 1 paediatric 
surgeon to 5 million children. Few African children will directly benefit 
from the services of a paediatric surgeon unless a large number of 
paediatric surgeons are trained. There is the unfortunate paradox: the 
developed world, with an aging population and falling birthrate, having 
a relative oversupply and overproduction of paediatric surgeons, and 
sub-Saharan Africa, with its fast-growing young population, not being 
able to service its paediatric surgical needs.5 

The need for subspecialty training in paediatric surgery in Africa 
has been questioned. There is a strong argument for the general surgeon 

Table 128.1: Total number of general surgeons, number of general surgeons and doctors per 100,000 population, and the 
percentage of doctors who are surgeons, for some sub-Saharan African countries.

Country Number of 
surgeons

Number of surgeons 
per 100,000 population

Number of doctors 
per 100,000 
population

Percentage of doctors 
who are surgeons

Kenya 230 0.7 13.2   5.3
Malawi 9 0.1   1.1   9.1
Mozambique 35 0.2   2.4   8.3
South Africa 954 2.1 69.2   3.0
Tanzania 105 0.3   2.2 13.6
Uganda 63 0.4   4.7   8.5
Zambia 50 0.5   6.9   7.2
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small national budget on health, compared to developing countries. 
The cost of providing minimum health care in Africa is estimated at 
about US$34 per capita per annum. Nevertheless, 29 countries spend 
less than US$20 per capita per annum, with an average expenditure for 
all of Africa of US$34 and a median of US$14.10 As a result, district 
hospitals and rural clinics are poorly equipped, and staff are poorly 
remunerated. To add to the problem, power supply in many countries, 
and more particularly in the rural areas, is sporadic.

Despite all these obstacles, surgery continues in the rural and district 
hospitals in the absence of surgeons and paediatric surgeons. Although 
not specific to paediatric surgery, a recent study from Uganda reported 
1,505 general surgical operations were performed in a year in four 
public general or district hospitals at which there were no general 
surgeons or anaesthetists.9 A similar report from a rural hospital in 
Nigeria indicates that 95% of the surgical procedures were considered 
simple enough to be performed by general practitioners with general 
surgery experience. There are no data on the percentage of these 
patients who were children.12 Loefler, citing personal experience, noted 
that about half of the patients he had operated on in peripheral hospitals 
around Africa were children.12 Even with surgery being performed by 
medical officers and general practitioners, the demand for surgery is 
not being met. In rural areas of developing countries, only an estimated 
one-third of injured patients are seen at a health facility.7 

The problem of the shortage of human resources is not new, and the 
comments of Wasunna, made in 1987, are still relevant: 

care of children, to teach, and to undertake research. Teaching should 
include training general surgeons and other health care workers in 
aspects of paediatric surgery and perioperative care.5 Setting standards 
of care should also include (1) developing protocols for the management 
of uncomplicated cases; (2) setting criteria for referral; and (3) determin-
ing which procedures are appropriate at different levels of health care 
and which should be performed by the different cadres of practitioner. 
Who Should Be Trained
For the foreseeable future in sub-Saharan Africa, there will be a need 
to train different levels of doctors and health care workers. Despite 
the misgivings of some that subspecialisation has been detrimental to 
surgery in Africa,14 there is a need to train paediatric surgeons. Without 
them, who will train the general surgeons, manage those conditions that 
would not normally be handled by a general surgeon, and maintain and 
improve the standards of surgical care of children? General practitio-
ners and medical officers wishing to perform routine low-risk surgery 
should also be required to undergo further training and initial practice 
under supervision. 

The nonphysician surgeon is anathema to many medical practitioners 
and especially to surgeons. In well-regulated and controlled 
environments, nonphysician surgeons appear to play important roles 
in the provision of surgical services, which should include basic 
procedures on children. Less contentious is the training of nurse or 
clinical assistant anaesthetists. 

The surgical management of a child depends on a large team, 
all of whom require training. These include the midwife or birth 
attendant; the clinic- and district-level primary care team of doctors 
and nurses who diagnose, treat, or refer paediatric surgical conditions; 
those responsible for neonatal and infant transportation; and those 
responsible for anaesthetic and perioperative care. 

A major role player who is often ignored is the traditional healer. 
There is a need to engage with, and raise awareness of, traditional healers 
with regard to paediatric surgical conditions. They are the primary 
practitioners of many patients. Some medical schools are beginning to 
acknowledge the role of these health providers, which is heartening.5 

Training in paediatric surgery should not occur in isolation. Training 
to ensure adequate provision of ancillary services, such as radiography 
and basic laboratory services, needs to be addressed, if necessary.
Scope of Training and Practice
Ideally, training in any developing country should be relevant to the 
disease patterns specific to the region and should take into account late 
presentation, advanced pathology, available services, infrastructure, 
and resources such as the availability of medicines, while keeping 
abreast of the management of conditions not commonly seen. It is not 
generally useful to send trainees from Africa to the developed world for 
surgical training because they will meet a different patient and disease 
profile, different resource base, and different organisational structure. 
Furthermore, attempts to duplicate services provided in the developed 
world have led to the impression that the surgical care of children is too 
expensive to be supported.1 

Few data are available about the burden of disease attributable to 
the surgical conditions seen in sub-Saharan Africa and the spectrum 
of paediatric surgical pathology seen in different regions. Reports of 
surgery on children in the rural setting include activities that might not 
necessarily be performed by a paediatric surgeon in the developed world, 
such as minor wound toilet and suture, incision and drainage of minor 
soft tissue infections, treatment of osteomyelitis, and sequestrectomy.

Bickler et al. identified the need to define an “essential package of 
paediatric surgical services for developing countries”.1 From available 
data, this would include management of trauma, surgical infections, 
congenital abnormalities, malignancy, circumcision, and inguinal 
hernias. Training should be relevant to the level of the trainee and the 
environment in which the trainee will practice. 

There is a shortage of surgical manpower all over Africa. 
… Current training and recruitment programmes are inad-
equate in correcting existing manpower deficiencies. The 
situation is further aggravated by a gross maldistribution 
of available manpower in favour of large urban centres. In 
many parts of rural Africa, minor surgical procedures are 
carried out by suitably trained, non-physician health work-
ers, but facilities and resources for surgery outside urban 
centres are generally inadequate.13

Some countries—notably, Mozambique, Tanzania, and Malawi—
have successfully trained nonphysicians in surgery, and these 
individuals perform up to 90% of the surgery undertaken outside the 
major cities. The standard and duration of training differs among 
countries. In Mozambique, the nonphysician surgeons (tecnicos de 
chirurgia) undergo a three-year training programme leading to a 
bachelor’s degree, followed by two years of supervised work in a major 
teaching institution. 

Other countries reject this approach. Although Kenya does not train 
nonphysician surgeons, it relies heavily on nurse anaesthetists and 
registered clinical officer anaesthetists.

Issues Facing Paediatric Surgery              
Education and Training 

• What is the role of the paediatric surgeon in sub-Saharan Africa?

• Which health care workers should be trained of those who make up 
the surgical team: surgeons, anaesthetists, nurses, laboratory techni-
cians, and radiographers, among others?

• What should be the scope of their training in and practice of paedi-
atric surgery? 

• Where should they be trained, and by whom? 

The Role of the Paediatric Surgeon
A paediatric surgeon has been defined as a surgeon “whose practice 
is largely or wholly concerned with the diagnosis and management of 
the diseases and disorders of childhood and who has received special 
training in the management of these diseases and disorders”.5 The role 
of the paediatric surgeon in Africa is to set the standards for the surgical 
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Where and by Whom Surgeons Should Be Trained 
This topic may seem to be irrelevant to those in the developed world. 
As has been stated, there is not only a shortage of doctors in Africa, 
there is a shortage of doctors to train doctors. In an address to the 
Association of Surgeons of East Africa in 1999, Loefler noted that the 
most successful surgeons are in major cities and that not enough use has 
been made of their skills in surgical training. He contended that the best 
hospitals, including mission hospitals, are not used for training; he said, 
“environments of the teaching hospitals are not conducive to learning 
of high standards”, and called for the reintroduction of practical surgery 
in the undergraduate medical curriculum.12 

The growing requirement of medical schools in sub-Saharan Africa 
that clinical faculty must have a PhD or equivalent degree is a barrier 
to the appointment of skilled surgeons who do not have a research 
background; this restrictive requirement should be reconsidered. 
Another obstacle at some teaching hospitals is lack of equipment. 
Training should take place at a site where there is adequate supervision 
and the spectrum of clinical practice is appropriate. Training at medical 
schools may be supplemented with training by surgeons in private 
practice and take place in private or nongovernmental hospitals, where 
facilities and equipment often are better, and completed with training in 
district and regional hospitals with experienced staff.

In some countries, training and examination for accreditation of 
surgeons and paediatric surgeons has been controlled by medical 
schools through master of medicine in surgery programmes; in others, it 
has been controlled by colleges. The West African College of Surgeons 
serves five Anglophone countries in West Africa and offers a fellowship 
in general surgery. The College of Surgeons of East, Central and 
Southern Africa (COSECSA) offers fellowships in general surgery and 
orthopaedics for 10 member countries. The Colleges of Medicine of 
South Africa, through its various colleges, offer fellowships in general, 
paediatric, cardiothoracic, neuro-, orthopaedic, and plastic surgery as 
well as in ophthalmology and urology. All colleges identify suitable 
training institutes, determine curricula, and examine candidates for 
registration as specialist surgeons.

Educational Initiatives in Sub-Saharan 
Africa Based on Information and   

Communication Technologies
Surgery in Africa is an initiative of the Office of International Surgery 
at the University of Toronto and COSECSA. Surgery in Africa offers an 
online, journal-based course for candidates preparing for the fellowship 
examination, with monthly review articles relevant to the African set-
ting, and Fellow of the College of Surgeons (FCS) degree syllabus and 
full text, book, and journal references.15 The Ptolemy Project, a partner-
ship of the University of Toronto, the Association of Surgeons of East 

Africa, COSECSA, and the Canadian Institutes of Health Research, 
aims to foster both research and research capacity development in East 
and Central Africa through access to and dissemination of information 
over the Internet.16 

Since 2000, the RAFT (Resau en Afrique Francophone pour la 
Telemedicine) Project, based at the Hopitaux Universitaires de Geneva, 
has been offering two-hour-long weekly education programme using 
V-Sat satellite technology. The project involves interactive webcasting 
at low bandwidth to 18 sites in Francophone West Africa.17 In 
Kenya, the African Medical and Research Foundation (AMREF) 
has commenced a large project to improve the skills of up to 22,000 
nurses, some of whom are receiving their education as e-learning from 
compact disc (CD)-based material.18 The National School of Public 
Health in Rwanda offers modules in an asynchronous format using 
Adobe® Presenter.

The University of KwaZulu-Natal in South Africa has been providing 
videoconferenced seminars in a range of specialties since 2001. In 
paediatric surgery, the weekly seminar, which is part of the academic 
training programme at the University of KwaZulu-Natal, started in the 
second semester of 2005 and has been shared with up to three other sites 
by interactive videoconference by using Integrated Services Digital 
Networks (ISDN) links. Only three paediatric surgeons and on average 
10 trainees and medical students are present in the teaching hospital at 
each teaching session. Videoconferencing extends the sessions to three 
other sites: a satellite teaching hospital, a medical school in another 
province, and a regional hospital in another province.19 Over the first 
four and a half years of the programme, 217 sessions have been held, 
with an average of 76 people participating in each session, 63 of whom 
are at distant sites. Surgeons from several other African countries have 
requested to be included in the videoconference programme. In the 
absence of videoconferencing infrastructure at other medical schools in 
Africa, the videoconferenced seminars in Durban have been recorded to 
digital video disc (DVD) and mailed to four medical schools in Central 
and East Africa. They have been incorporated into the postgraduate 
training programmes of surgeons and paediatric surgeons and also used 
in undergraduate medical training. An additional 140 people have acces 
to the seminars through this programme.  

1. Africa’s population will increase by more than 1 billion by 2050.

2. The existing shortage of health care professionals in Africa will 
not be redressed in the near future.

3. A need exists to develop an essential package of paediatric 
surgical service for developing countries.

4. The role of paediatric surgeons in sub-Saharan Africa needs to 
be defined.

5. The majority of surgical procedures on children in sub-Saharan 
Africa are performed by general surgeons and medical officers. 
These providers require further training by paediatric surgeons 
in paediatric surgery and the perioperative needs of children. 

6. Paediatric surgery cannot take place without anaesthetic and 
other basic laboratory services, and the training needs of these 
ancillary services must be considered concurrently with training 
in paediatric surgery.

7. The place of the “nonphysician surgeon” needs to be 
considered.

8. Information and communication technologies offer promise for 
decentralized and shared education programmes in the future.

Key Summary Points
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3D	 three-dimensional
A&E	 accident	and	emergency	(department)
AAS	 Association	for	Academic	Surgery	
ABL	 allowable	blood	loss
ABR	 auditory	brainstem	response	
ACE	 antegrade	continent	enema
ACS	 American	College	of	Surgeons	
ACTH	 adrenocorticotropic	hormone
ADA	 adenosine	deaminase
ADH	 antidiuretic	hormone	
ADL	 African	degenerative	leiomyopathy
ADPKD	 autosomal	dominant	polycystic	kidney	

disease
AER	 air	enema	reduction
AF	 anal	fissure	(fissure-in-ano)
AFB	 acid-fast	bacilli
AFP	 alpha-foetoprotein	
AFS	 American	Fertility	Society	
AGA	 average	for	gestational	age
AIDS	 acquired	immune	deficiency	syndrome
AIN	 anterior	interosseous	nerve
AIS	 Abbreviated	Injury	Scale
AJOL	 African	Journals	Online
ALL	 acute	lymphocytic	leukaemia	
ALT	 aspartate	transaminase;	akternative	

lengthening	of	telomeres
ALTE	 acute	life-threatening	events
AML	 acute	myelogenous	leukaemia	
AMREF	 African	Medical	and	Research	Foundation	
AP	 anteroposterior;	Anatomical	Profile
APC	 adenomatous	polyposis	coli	(gene)	
APSA	 American	Paediatric	Surgical	Association	
AR	 androgen	receptor;	allergic	rhinitis
ARM	 anorectal	malformation
ARPKD	 autosomal	recessive	polycystic	kidney	

disease	
ART	 antiretroviral	treatment
ASA	 American	Society	of	Anesthesiologists
ASCOT	 A	Severity	Characterization	Of	Trauma
ASSC	 acute	splenic	sequestration	crisis	
AST	 alanine	transaminase	
ATLS	 Advanced	Trauma	Life	Support	
ATRD	 African	Trauma	Registry	Database
ATT	 antitubercular	treatment
AVM	 arteriovenous	malformation	
AVPU	 alert,	verbal,	painful,	unresponsive	

(method	to	assess	level	of	consciousness)
AXR	 abdominal	x-ray;	abdominal	radiograph
BA	 biliary	atresia
BAC	 bronchioloalveolar	carcinoma
BAHA	 bone-anchored	hearing	aid	
BAPS	 British	Association	of	Paediatric	Surgeons
BCG	 bacille	Calmette-Guérin	
b.d.	 twice	daily
β-hCG		 β-human	chorionic	gonadotropin	
BMI	 body	mass	index

BOO	 bladder	outlet	obstruction
BP	 blood	pressure
BPS	 bronchopulmonary	sequestration
BPSU	 British	Paediatric	Surveillance	Unit	
BRRI	 Building	and	Roads	Research	Institute	

(Ghana)
BSA	 body	surface	area
BSO	 bilateral	salpingo-oophorectomy	
BWS	 Beckwith-Weidemann	syndrome	
BXO	 balanitis	xerotica	obliterans
CA	 condylomata	acuminatum;	choanal	

atresia
CAEBV	 chronic	active	Epstein-Barr	virus
CAH	 congenital	adrenal	hyperplasia
CAIS	 complete	androgen	insensitivity	

syndrome
CBF	 cerebral	blood	flow
CCAM	 congenital	cystic	adenomatous	

malformation	(lung)
CD	 cluster	of	differentiation;	Crohn’s	

disease;	compact	disc
CDH	 congenital	diaphragmatic	hernia
CDLT	 cadaveric	donor	liver	transplantation
CECT	 contrast-enhanced	computed	

tomography
CESP	 Confederation	of	European	Specialists	

in	Paediatrics
CF	 cystic	fibrosis
CFP	10	 culture	filtrate	protein	10
CFS	 congenital	fibrosarcoma
CFTR	 cystic	fibrosis	transmembrane	

(conductance)	regulator
CHARGE	 Coloboma,	Heart	defect,	Atresia	

choanae,	Retarded	growth	and	
development,	Genital	hypoplasia,	Ear	
anomalies/deafness	(syndrome)

CHD	 congenital	heart	disease
CHEOPS	 Children’s	Hospital	of	Eastern	Ontario	

Pain	Scale
CHL	 conductive	hearing	loss
CIC	 clean	intermittent	catheterisation	
CIE	 counterimmunoelectrophoresis
CIF	 common	intermediate	format
CIIP	 chronic	idiopathic	intestinal	pseudo-

obstruction
CIRM	 International	Radio	Medical	Centre
CLD	 chronic	liver	disease
CLE	 congenital	lobar	emphysema
CLO	 congenital	lobar	overinflation
CMT	 congenital	muscular	torticollis
CMV	 conventional	mechanical	ventilation;	

cytomegalovirus
CNI	 calcineurin	inhibitors	
CNS	 central	nervous	system
CO	 cardiac	output
COPUM	 congenital	obstructive	posterior	urethral	

membrane	

Acronyms



 Acronyms II

CORA	 centre	of	rotational	deformity
COSECSA	 College	of	Surgeons	of	East,	Central	

and	Southern	Africa	
CPA	 conditioned	play	audiometry	
CPAM	 cystic	pulmonary	adenomatous	

malformation	(lung)
CPAP	 continuous	positive	airway	pressure
CPC	 cauterisation	of	the	choroid	plexus
CPP	 cerebral	perfusion	pressure
CPR	 cardiopulmonary	resuscitation
CR	 capillary	refill
CRP	 C-reactive	protein
CSF	 cerebrospinal	fluid
CT	 computed	tomography	(scan)
CTEV	 congenital	talipes	equinovarus	(CTEV)
CVA	 central	venous	access
CVP	 central	venous	pressure
CXR	 chest	x-ray
DA	 duodenal	atresia
DALYs	 disability-adjusted	life	years	
DCS	 dynamic	compression	system
DDH	 developmental	dysplasia	of	the	hip
DEC	 diethylcarbamazine	
DES	 diethylstilbesterol	
DIC	 disseminated	intravascular	coagulation
DGE	 delayed	gastric	emptying
DHT	 dihydrotestosterone
DJ	 duodenojejunal
DMSA	 dimercaptosuccinic	acid
DNA	 deoxyribonucleic	acid
DOA	 dead	on	arrival
DOT	 directly	observed	therapy
DPG	 diphosphsglycerate
DPL	 diagnostic	peritoneal	lavage
DPPC	 dipalmitoylphosphatidyl	choline
DRE	 digital	rectal	examination
DSA	 digital	substraction	angiography
DSD	 disorders	of	sex	differentiation;	detrusor	

sphincter	dyssynergia	
DSL	 digital	subscriber	line
DTPA	 diethylenetriamine	penta-acetic	acid	
DVD	 digital	video	disc
DYG	 double-Y	glanuloplasty
EBV	 Epstein-Barr	virus
ECG	 electrocardiogram
ECM	 extracellular	matrix
ECMO	 extracorporeal	membrane	oxygenation
ECW	 extracellular	water	
ED	 Emergency	Department	(of	a	hospital)
EDNRB	 endothelin	B	receptor	gene
EF	 examining	finger
EFD	 estimated	(preoperative)	fluid	deficit
EFR	 estimated	fluid	requirement	

(maintenance	fluids)
EGD	 oesophagogastroduodenoscopy
EGF	 epidermal	growth	factor
eGFR	 estimated	glomerular	filtration	rate	
EHBS	 extra	hepatic	biliary	system

EIA	 enzyme-linked	immunosorbent	assay
EIS	 endoscopic	injection	sclerotherapy	
ELISA	 enzyme-linked	immunosorbent	assay
EMG	 electromyography	
EMLA	 eutectic	mixture	of	local	anaesthetics
EMR	 electronic	medical	record
ENT	 ear,	nose,	and	throat
ERCP	 endoscopic	retrograde	

cholangiopancreatography	
ERP	 endorectal	pull-through
ESAT6	 early	secretory	antigenic	target-6
ESFT	 Ewing’s	sarcoma	family	of	tumours
ESLD	 end-stage	liver	disease	
ESPE	 European	Society	for	Paediatric	

Endocrinology
ESR	 erythrocyte	sedimentation	rate
ESRD	 end-stage	renal	disease
ESRF	 end-stage	renal	failure
ESWL	 extracorporeal	shock-wave	lithotripsy
ET	 empyema	thoracis
ETF	 enteral	tube	feeding
ETRS	 embryonic	testicular	regression	syndrome
ETV	 endoscopic	third	ventriculostomy	
EUS	 endoscopic	ultrasonography
EUSOL	 Edinburgh	University	solution	of	lime
EVD	 external	ventricular	drainage
EWS/ETS	 Ewing	sarcoma	breakpoint	region/

erythroblastosis	virus	E26	oncogene	
transcription	factor	fusion	gene

EXIT	 ex-utero	intrapartum	treatment
FAC	 familial	adenomatosis	coli	
FAO	 foot-ankle	orthosis
FAP	 familial	adenomatosis	polyposis
FAST	 focused	abdominal	sonography	for	trauma
FBC	 full	blood	count
FDA	 Food	and	Drug	Administration	(US)
FEF	 forced	expiratory	flow
FETO	 fetal	endoscopic	tracheal	occlusion
FEV	 forced	expiratory	volume
FFP	 fresh	frozen	plasma
FGC	 female	genital	cutting
FIA	 fistula-in-ano
FLACS	 Faces,	Legs,	Activity	and	Consolability	

Scale	
fMRI	 functional	Magnetic	Resonance	Imaging
FNA	 fine	needle	aspiration
FNAB	 fine-needle	aspiration	biopsy
FNH	 focal	nodular	hyperplasia	
FRC	 functional	residual	capacity
FSH	 follicle-stimulating	hormone
FVC	 forced	vital	capacity
GA	 general	anaesthesia
GABHS	 group	A	beta-hemolytic	streptococcal
GCRG	 giant	cell	reparative	granuloma
GCS	 Glasgow	Coma	Scale
GDNF	 glial	(cell	line)	derived	neurotrophic	factor
GDP	 gross	domestic	product
GF		 growth	factor



III Acronyms

GFR	 glomerular	filtration	rate	
GGT	 gamma-glutaml	transpeptidase
GI	 gastrointestinal
GID	 gastrointestinal	duplication
GIEESC	 Global	Initiative	for	Emergency	and	

Essential	Surgical	Care	
GIT	 gastrointestinal	tract
GOR	 gastro-oesophageal	reflux
GORD	 gastro-oesophageal	reflux	disease
GOS	 Glasgow	Outcome	Scale
GRWR	 graft	weight-to-recipient’s	body	weight	ratio	

(transplantation)
GVHD	 graft	versus	host	disease
GWD	 guinea	worm	disease
Gy	 gray	(radiation	dose)
H&E	 haematoxylin	and	eosin	(staining)
HAART	 highly	active	antiretroviral	therapy	
HAEC	 Hirschsprung’s-associated	enterocolitis
HB	 hepatoblastoma
HbAS	 sickle	cell	trait	
HbS/β	thal		 sickle	cell	thalassemia	disease	
HbSC	 sickle	cell	haemoglobin	C	disease	
HbSS	 homozygous	sickle	cell	anaemia	
HC	 hydrocephalus
HCC	 hepatocellular	carcinoma	
hCG	 human	chorionic	gonadotropin
HCMV	 human	cytomegalovirus
HCW	 health	care	worker
HD	 Hirschsprung’s	disease
HHML	 hemihyperplasia-multiple	lipomatosis	

syndrome	
HIDA	 hepato-iminodiacetic	acid	
HINARI	 Health	InterNetwork	Access	to	Research	

Initiative	
HIT	 hydrodistention-implantation	technique
HIV	 human	immunodeficiency	virus
HLA	 human	leukocyte	antigen
HMS	 hyperactive	malarial	splenomegaly	
HO	 hematogenous	osteomyelitis
HPF	 high-power	fields	
HPN	 home	parenteral	nutrition
HPZ	 high	pressure	zone
HR	 heart	rate
HSCR	 Hirschsprung’s	disease
HSP	 Henoch-Schönlein	purpura
H-TOF	 H-type	tracheo-oesophageal	fistula
HVA	 homovallinic	acid	
IBCA	 isobutyl	cyanoacrylate	
IBD	 inflammatory	bowel	disease
IBI	 intralesional	bleomycin	injection
ICCS	 International	Children’s	Continence	

Society
ICP	 intracranial	pressure
ICT	 information	and	communication	

technologies
ICU	 intensive	care	unit
ICV	 ileocaecal	valve
ICW	 intracellular	water	

ID	 immunodiffusion
IDA	 iminodiacetic	acid	
IF	 intestinal	failure
IFN-g	 interferon	gamma	release	protein
IgA,	IgE,	IgG,	IgM	 immunoglobulin	A,	E,	G,	M
IGF	 insulin	growth	factor
IH	 inguinal	hernia
IHA	 indirect	haemogglutination	antibody
IHPS	 infantile	hypertrophic	pyloric	stenosis
IJV	 internal	jugular	vein
IL	 insensible	losses	(fluids)
IM	 intramuscular
INR	 international	normalization	ratio
INSS	 International	Neuroblastoma	Staging	

System
IO	 intraosseous
IOM	 Institute	of	Medicine
IP	 Internet	protocol	
IPAA	 ileal-pouch	anal	anastomosis
IQR	 interquartile	range
IRA	 ileorectal	anastomosis
IRIS	 immune	reconstitution	inflammatory	

syndrome
IRS	 Intergroup	Rhabdomyosarcoma	Study	

Group
INH	 isoniazid
ISDN	 Integrated	Services	Digital	Networks	
ISfTeH	 International	Society	for	Telemedicine	

and	ehealth	
ISP	 Internet	service	provider
ISS	 Injury	Severity	Score
ITP	 idiopathic	thrombocytopaenic	purpura
ITU	 International	Telecommunication	Union
ITx	 intestinal	transplantation
IV	 intravenous
IVA	 ifosfamide,	vincristine,	and	actinomycin	

D	
IVC	 inferior	vena	cavography;	inferior	vena	

cava
IVF	 in	vitro	fertilisation
IVIG	 intravenous	immunoglobulin	
IVU	 intravenous	urography
JCV	 John	Cunningham	virus	(but	just	say	JC	

virus)
JNA	 juvenile	nasopharyngeal	angiofibroma
KS	 Kaposi	sarcoma
KSHV	 Kaposi	sarcoma-associated	herpes	

virus
KTS	 Kampala	Trauma	Score
LAD	 leukocyte	adhesion	deficiency
LATS	 long-acting	thyroid	stimulating	

(hormones)
LB	flap	 lateral-based	flap
LDH	 lactate	dehydrogenase
LDITx	 living-donor	intestinal	transplantation
LF	 lymphatic	filariasis
LFT	 liver	function	test
LGA	 large	for	gestational	age



 Acronyms IV

LHR	 lung-head	ratio	(foetal)
LLS	 left	lateral	segment	(liver)
LMA	 laryngeal	mask	airway
LMIC	 low-	and	middle-income	country
LOH	 loss	of	heterozygosity	
LOS	 length	of	(hospital)	stay;	lower	

oesophageal	sphincter
LPD	 lymphoproliferative	disorder
LPP	 leak	point	pressure
LPU	 lower	pole	ureter
LRLT	 living-related	liver	transplantation
L/S	 lecithin/spingomyelin	(ratio)
LTB	 laryngotracheobronchitis
LWAT	 location	without	advanced	technology
LWPES	 Lawson	Wilkins	Pediatric	Endocrine	

Society
MACE	 Malone	antegrade	continence	enema
MAG3	 mercaptoacetyltriglycine
MAGPI	 meatal	advancement	and	glanuloplasty	

incorporated
MAP	 mean	airway	pressure;	mean	arterial	

pressure;	mutYH-associated-polyposis	
(gene)

MC&S	 microscopy,	culture,	and	sensitivities
MCDK	 multicystic	dysplastic	kidney;	multicystic	

diseased	kidney
MCUG	 micturating	cystourethrogram;	

micturating	cystourethrography	
MD	 Meckel’s	diverticulum
MDGs	 Millennium	Development	Goals
MDR	 multidrug-resistant
MEN2	 multiple	endocrine	neoplasia	type	2
MFH	 malignant	fibrous	histiocytoma
MIBG		 metiodobenzylgaunidine	(scan)
MIP	 mega-meatus	intact	prepuce	
MIR	 minimally	invasive	repair
MIS	 Mϋllerian-inhibiting	substance;	minimally	

invasive	surgery
MMF	 mycophenolate	mofetil
MMP	 matrix	metalloproteinases
MMR	 measles-mumps-rubella	(vaccine)
MSP	 manual	separation	with	prophylaxis	
MRA	 magnetic	resonance	angiography
MRCP	 magnetic	resonance	

cholangiopancreatography
MRI	 magnetic	resonance	imaging
MRKH	 Mayer-Rokitansky-Kuster-Hauser	

(syndrome)
MSK	 musculoskeletal
MSP	 manual	separation	with	prophylaxis
MTC	 medullary	thyroid	carcinoma
mTOR	 mammalian	target	of	rapamycin	
MTOS	 Major	Trauma	Outcome	Study
NASA	 National	Aeronautics	and	Space	

Administration	(USA)
NBCA	 n-butyl	cyanoacrylate	
Nd:YAG	 neodymium:yttrium	aluminium	garnet	

(laser)

NEC	 necrotizing	enterocolitis
NF	 necrotising	fasciitis
NGO	 nongovernmental	organisation
NGT	 nasogastric	tube
NHL	 non-Hodgkin’s	lymphoma
NICU	 neonatal	intensive	care	unit
NIO	 neonatal	intestinal	obstruction
NJT	 nasojejunal	tube
NK	 natural	killer	(cell)
NMDA	 N-methyl-d-aspartate
NNBSD	 nonneurogenic	bladder	sphincter	

dysfunction	
NNIS	 National	Nosocomial	Infection	Surveillance	

(index)
NOR	 nonoperative	reduction
NPC	 nasopharyngeal	carcinoma	
NPO	 nothing	by	mouth,	literally	nil	per	os
NPWT	 negative	pressure	wound	therapy
NR	 nephrogenic	rests;	nutritional	rickets
NRC	 National	Research	Council	(US)
NRSTS	 nonrhabdomyosarcoma	soft	tissue	

sarcome
NS	 normal	saline
NSAIDS	 nonsteroidal	anti-inflammatory	drugs
NSS	 normal	saline	solution
NTD	 neural	tube	defect
NTSC	 National	Television	Standards	Committee
NVB	 neurovascular	bundle
NWTSG	 National	Wilms’	Tumour	Study	Group
OA	 oesophageal	atresia
OAE	 otoacoustic	emission
OGD	 oesophago-gastric-duodenoscopy
ONS	 oral	nutritional	supplements
OPG	 orthopantomogram
OPSI	 overwhelming	postsplenectomy	infection	
OR	 operating	room
ORIF	 open	reduction,	internal	fixation
ORL	 otorhinolaryngology
ORS	 ovarian	remnant	syndrome
PA	 pulmonary	artery
PAA	 perianal	abscess
PACU	 postanaesthetic	care	unit
PADUA	 progressive	augmentation	by	dilating	the	

urethra	anterior
PAIR	 percutaneous	aspiration,	instillation,	and	

reaspiration
PAIS	 partial	androgen	insensitivity	syndrome	
PAL	 phase	alternating	line	
PAPSA	 Pan	African	Paediatric	Surgical	

Association
PAS	 para-aminosalicylic	acid;	pyriform	aperture	

stenosis	
PAX/FKHR	 Paxillin	[Drosophila	melanogaster])/

(forkhead	box	O1	[Homo	sapiens])	fusion	
gene

PBM	 pancreaticobiliary	malunion
PC	 phosphatidyl	choline	(lecithin)
PCA	 patient-controlled	analgesia



V Acronyms

PCEA	 patient-controlled	epidural	analgesia
PCR	 polymerase	chain	reaction
PDS	 polydioxanone
PE	 pleural	effusion;	pectus	excavatum
PEB	 cisplatin,	etoposide,	and	bleomycin
PEEP	 positive	end	expiratory	pressure	
PEG	 percutaneous	endoscopic	gastrostomy
PELD	 Pediatric	End-stage	Liver	Disease	
PEP	 post	exposure	prophylaxis	
PEPFAR	 President’s	Emergency	Plan	for	AIDS	

Relief
PET	 positron	emission	tomography	(scan)
PFC	 persistent	foetal	circulation
PFIC	 progressive	familial	intrahepatic	

cholestasis
PHT	 portal	hypertension
PIC	 percutaneously(or	peripherally)	inserted	

central	(venous)
PICU	 paediatric	intensive	care	unit
PLP	 pathological	lead	point
PN	 parenteral	nutrition
PNET		 primitive	neuroectodermal	tumour
PO	 per	os	(by	mouth,	orally)
PPD	 purified	protein	derivative	
PPF	 periportal	fibrosis
PPHN	 persistent	pulmonary	hypertension	of	the	

newborn	
PPI	 proton	pump	nhibitor
PPS	 post-polio	syndrome
PPV	 patent	processus	vaginalis
P(s)	 probability	of	survival
PSARP	 posterior	sagittal	anorectoplasty
PSE	 passive	stretching	exercise
PSI	 pleural	space	infection
PSS	 postsplenectomy	sepsis	
PSTN	 public	switched	telephone	network	
PSVT	 Paroxysmal	supraventricular	tachycardia
PT	 prothrombin	time	
PTEN	 phosphatase/tensin
PTFE	 polytetrafluoroethylene	
PTH	 parathormone
PTLD	 posttransplant	lymphoproliferative	disorder
PTS	 Paediatric	Trauma	Score
PTSD	 posttraumatic	stress	disorder
PTT	 partial	thromboplastin	time
PUD	 peptic	ulcer	disease
PUJ	 pelviuretic	junction.	(see	also	UPJ)
PUV	 posterior	urethral	valve
PV	 processus	vaginalis
PVO	 portal	vein	occlusion
PVR	 post-void	residual	
PVT	 portal	vein	thrombosis
PZA	 pyrazinamide
QOL	 quality	of	life
RA	 regional	anaesthesia
RAFT	 Réseau	en	Afrique	Francophone	pour	la	

Télémédecine
Rb	 retinoblastoma	(gene)

RBC	 red	blood	cells;	red	blood	count
RBF	 renal	blood	flow
RCT	 randomised	controlled	trial
rDNA	 ribosomal	DNA
RDS	 respiratory	distress	syndrome
REAL	 Revised	Euro-American	Lymphoma	
RET	 REarranged	during	Transfection	(gene)
RL	 Ringer’s	lactate
RMS	 rhabdomyosarcoma
RPC	 recurrent	parotitis	in	children
RPL	 recurrent	pregnancy	loss	
RR	 respiratory	rate
RRP	 recurrent	respiratory	papillamatosis
RSV	 respiratory	syncytial	virus
RTS	 Revised	Trauma	Score
RUT	 rapid	urease	test	
RVF	 rectovaginal	fistulae
SARS	 sacral	anterior	root	stimulation
SB	 spina	bifida;	small	bowel
SBO	 small	bowel	obstruction
SBP	 systolic	blood	pressure
SC	 sickle	cell	hemoglobin	in	sickle	cell	

disease
SCD	 sickle	cell	disease
SCF	 supracondylar	fracture
SCIWORA	 spinal	cord	injury	without	radiographic	

abnormality
SCT	 sacrococcygeal	teratoma	
SCV	 subclavian	vein
SEER	 Surveillance,	Epidemiology	and	End	

Results	(U.S.	program)
SENIC	 Study	on	the	Efficacy	of	Nosocomial	

Infection	Control	(CDC)
SGA	 small	for	gestational	age
SHML	 sinus	histiocytosis	with	massive	

lymphadenopathy	
SIDS	 sudden	infant	death	syndrome
SIOP		 Société	Internationale	d’Oncologie	

Pédiatrique	(International	Society	of	
Pediatric	Oncology)	

SIRS	 systemic	inflammatory	response	syndrome
SIS	 small	intestinal	submucosa	
SLE	 systemic	lupus	erythematosus
SM	 streptomycin
SMA	 superior	mesenteric	artery
SMT	 sternomastoid	tumour
SMV	 superior	mesenteric	vein
SNHL	 sensorineural	hearing	loss	
SNS	 sympathetic	nervous	system
SOMI	 sterno-occipito-mandibular	immobilization
SPE	 streptococcal	pyrogenic	exotoxins	
SS	 sickle	cell	hemoglobin	in	sickle	cell	

disease
SSI	 surgical	site	infection
STD	 sexually	transmitted	disease
StAR	 steroidogenic	acute	regulatory	(protein	

function)
STEP	 serial	transverse	enteroplasty	procedure



 Acronyms VI

STING	 subureteric	Teflon	injection
StrepTSS	 streptococcal	NF	associated	with	toxic	

shock	syndrome
STS	 soft	tissue	sarcoma
SVT	 supraventricular	tachycardia
TAP	 tunica	albuginea	plication	
TB	 tuberculosis
TBA	 traditional	birth	attendants	
TCA	 total	colonic	aganglionosis
TEV	 talipes	equinovarus
TFL	 tensor	fascia	lata
TGD	 total	gastric	dissociation
TGF	 transforming	growth	factor
TIP	 typhoid	intestinal	perforation;	tubularised	

incised	plate	
TIPSS	 transjugular	intrahepatic	portosystemic	

stent	shunt	
TLOSR	 transient	lower	oesophageal	sphincter	

relaxation
TMJ	 temporomandibular	joint	
TNF	 tumour	necrosis	factor
TNM	 tumour,	nodes,	metastases	(staging	

system)
TOF	 tracheo-oesophageal	fistula;	tetralogy	of	

Fallot
TORCH	 Toxoplasmosis,	Rubella,	Cytomegalovirus,	

Herpes
TPA	 tissue	plasminogen	activator
TPPPS	 Toddler-Preschooler	Postoperative	Pain	

Scale
TPN	 total	parenteral	nutrition
TR	 trauma	registry
TRH	 thyrotropin-releasing	hormone
TRISS	 Trauma	and	Injury	Severity	Score
T-RTS	 Triage	RTS
TS	 Trauma	Score
TSH	 thyroid-stimulating	hormone
TSPY	 testis-specific	protein	Y-encoded
TSS	 toxic	shock	syndrome
TST	 tuberculin	skin	test
TV	 tunica	vaginalis

UC	 ulcerative	colitis
UDT	 undescended	testis
UGI	 upper	gastrointestinal
ULE	 unilateral	limb	enlargement
UNFPA	 United	Nations	Population	Fund
UNICEF	 United	Nations	Children’s	Fund
UPJ	 ureteropelvic	junction	(see	also	PUJ)
UPU	 upper	pole	ureter
URTI	 upper	respiratory	tract	infection
US	 United	States;	ultrasound,	ultrasonography
UVJ	 ureterovesical	junction;	see	also	VUJ
UTI	 urinary	tract	infection
VAC	 vacuum-assisted	closure;	vincristin,	

actinomycin	D,	and	cyclophosphamide
VACTERL		 Vertebral	and	spinal	cord,	Anorectal,	

Cardiac,	TracheoEsophageal,	Renal	and	
other	urinary	tract,	Limb

VAPP	 vaccine-associated	paralytic	poliomyelitis
VATER	 Vertebrae,	Anus,	Trachea,	Esophagus,	

and	Renal	(association)
VATS	 video-assisted	thoracic	surgery	
VCUG	 voiding	cystourethrogram	
VDRL	 Venereal	Disease	Research	Laboratory	
VEPTR	 vertical	expandable	prosthetic	titanium	rib	
VCUG	 voiding	cystourethogram
VLBW	 very	low	birth	weight
VMA	 vanillylmandelic	acid
VP	 ventriculoperitoneal	(shunt)
VPI	 velopharyngeal	incompetence	
VSD	 ventricular	septal	defect	
VUJ	 vesicoureteric	junction;	see	also	UVJ
VUR	 vesicoureteric	reflux;	vesicouretal	reflux
WAGR	 an	acronym	for	WT,	Aniridia,	Genito-

urinary	malformations,	mental	Retardation
WBC	 white	blood	cells
WHO	 World	Health	Organisation
WT	 Wilms’	tumour
WWW	 worldwide	web
XRT	 x-ray	therapy
YTP	 inverted-Y	tubularised	plate





Index
A

A Severity Characterisation Of Trauma (ASCOT), 
167, 168-169

Abbreviated Injury Scale (AIS), 164, 170
ABCDEs of resuscitation, 172, 178, 200, 215, 225
ABCs of life support, 172-173, 177, 180, 195, 225, 

330, 644, 729
Abdominal trauma, 184-189
 and acute pancreatitis, 494
 in birth, 229-230
 blunt, 184-187, 200
 penetrating, 187
 secondary survey, 176-177
 and traumatic asphyxia, 180
 and urogenital trauma, 200
Abdominal wall defects, 747. See also 

Exomphalos; Gastroschisis; Omphalocele
Abscesses, 36, 94-96
 abdominal, 95, 124
 amoebic liver, 96, 141-142, 144, 148-149, 627
 anorectal, 465-466
 appendix, 122, 440
 bacterial infection, 92
 biliary, 769
 bone, 666
 from bowel lengthening, 427
 brain, 325
 branchial arch, 235
 cerebral, 193
 draining, 92-96, 108, 122-123, 430, 446, 758
 with empyema, 300
 hepatic, 103, 125
 in Hirschsprung’s disease, 452-453
 incisional, 98-100
 with inflammatory bowel disease, 443-444
 intraabdominal, 95, 115, 122, 125, 360, 391, 

420, 441, 774
 intraperitoneal, 107-108, 126, 433
 intrathoracic, 329
 liver, 96, 124, 141, 353, 627
 lung, 115, 287, 289, 299, 304-305
 with lymphadenitis, 240-241
 with lymphangiomas, 650-651
 mesenteric, 113
 muscle, 120-122
 in necrotising fasciitis, 130-131
 and omphalitis, 125-126
 orbital, 758
 with osteomyelitis, 135-136, 138
 pancreatic, 103
 postoperative, 362, 716, 739
 psoas, 96, 362
 with pyomyositis, 93, 120-122
 respiratory tract, 329
 retropharyngeal, 279-281, 762
 soft tissue, 666
 splenic, 103, 500
 in surgical wound, 362
 testicular, 592
 thyroglossal, 238
 thyroid, 263-264
 tonsillar, 760
 tuberculosis, 96, 113, 115, 627
 and typhoid fever, 104-105, 107
 urachal, 584
Achalasia, 304, 319-321, 740
 of cardia, 31, 429
 sphincter, 452
Acquired immune deficiency syndrome. 
 See AIDS.

Acute chest syndrome, 37, 490
Acute Physiology and Chronic Health Evaluation 

(CHASE) scale, 165, 167
Adenocarcinoma, 311, 313, 316, 354, 497
Adenoma, 262
 hepatic, 623-624, 626-628
 pleomorphic, 254, 257-259
 thyroid, 238, 266-267
Adhesion intestinal obstruction, and typhoid fever, 

108
Adrenal gland, 229-231, 575, 609
Advanced Trauma Life Support (ATLS), 172, 209, 

215
Aerodigestive foreign bodies, 329-331
Aeromonas, 120
Aganglionosis
 intestinal, 388, 427, 437
 with Hirschsprung’s disease, 448-452
Agenesis, 255
Agricultural injuries, 159-161
AIDS, 151-153
 antiretroviral therapy, 78-79, 117, 151, 225-226, 

256
 Bangui definition of, 152
 combatting via telemedicine, 777
 death rate, 73
 ethics related to, 78, 630
 with Kaposi sarcoma, 613, 619, 626
 prevalence of, 3, 129, 613
 privacy issues, 79
 role in other diagnoses, 599, 605
 in sexual assault cases, 225
 See also HIV.
Air-fluid levels, 114, 143, 148, 300-301, 304, 319, 

386, 390, 407, 413
Airway 
 collapse, 14, 283-284, 308
 compression, 260, 265, 272-274, 339, 649, 651
 intubation, 55, 58, 251, 275-276, 504, 603, 761
 maintenance, 9, 12, 57-58, 72, 172-173, 177
 oedema, 10, 16, 215, 275
 physiology, 14, 55, 67-68, 287
 pressure, 15, 59, 68-69, 293
Airway management, 15, 20, 55-57, 67-70, 72, 

172-173, 177, 644, 760-762
 in burn injuries, 215
 in conjoined twins, 751
 and craciocerebral trauma, 191, 194
 and mediastinal masses, 340-341
 and reconstructive surgery, 727-729
 and spinal cord injury, 195
 and urogenital tract injuries, 200
Airway obstruction, 57-60, 67, 277-281
 and corrosive ingestion, 324
 and foreign bodies, 274, 329-331
 and haemangiomas, 657
 and infection, 93, 651
 and lymphadenopathy, 244-245
 and lymphangiomas, 649-654
 nasal, 757-759
 and recurrent respiratory papillamatosis, 762
 and stridor, 273
 and thoracic trauma, 180
 and tracheomalacia, 283-285
 and trauma, 168-169, 172, 175, 177
 and tuberculosis, 116, 118
Alagille syndrome, 472-474, 477, 630, 766
Alpha-foetoprotein, 364, 601, 622, 746-748
Amides, 59
Amniotic fluid, 8, 10, 14, 349, 351, 386, 584, 747, 

749

Amoebiasis, 141-142, 299
Amoebic colitis, 142
Amoebic liver abscess, 96, 141-142, 144, 148-149, 

627
Amputation
 limb, 93, 158, 209-212, 220, 618, 634-637, 667, 

696, 713, 727
 lips or nose, 731
 penis or glans, 206, 556, 557, 561
Anaesthesia, 55-60
 assessment of hypospadias under, 546
 for circumcision, 555
 difficulties with administration of, 251
 in management of status epilepticus, 71
 for pain, 10, 60, 64, 361, 467, 555, 558
 in separation of conjoined twins, 752
Analgesia, for pain, 10, 37-38, 59, 63-64, 71-72, 

174, 176, 180, 256, 466-467, 532, 555
Analgesic ladder, 63
Anastomosis, and typhoid fever, 108
Anatomical differences, children versus adults, 

55-56
Anatomical Profile, 164, 165
Androgen, 465, 541-542, 569, 572-578
Aneurysm
 carotid artery, 241
 femoral, 362
 intracranial, 194
 posttraumatic, 194
 ventricular, 182
Angiography, 47, 194, 202, 373, 504-505, 585, 

640, 661-662, 666, 751-753, 769
Angiosarcoma, 619-621, 624, 626, 633, 725
Annular pancreas, 376, 381-382, 491-495
Anorectal abscess, 465-466
Anorectal anomaly, 306, 349, 376, 429, 433, 529, 

673, 680
Anorectal injury, 187-188, 189, 200, 465-469
Anorectal malformation, 47, 204, 376-379, 437, 

455-460, 601, 673, 679, 740, 748
 as a causative factor, 437, 451
 surgical technique, 379, 457-459
 treatment, 84, 456-457
Anorectal varices, 503, 504
Anorectoplasty, 21, 200, 379, 457-460, 741
Anorectum, 187, 377, 528. See also Anorectal 

entries.
Antibiotics
 for anorectal conditions, 466, 468
 for appendectomy, 441
 for bacterial tracheitis, 281
 for biliary atresia, 478-479, 481
 for bladder disorders, 532, 587
 for burns, 218, 221
 for cholangitis, 481, 484
 for empyema thoracis, 301, 302
 for haematogenous osteomyelitis, 136-138, 140
 for Hirschsprung’s disease, 451, 453
 for hypospadias, 546
 indiscriminate use of, 299
 for intussusception, 408
 for lymphangiomas, 653-654
 in minimal access surgery, 740
 for necrotising fasciitis, 93-94, 130-132, 418-

420
 for omphalitis, 125-126, 353
 for open fractures, 212, 713, 721
 for osteomyelitis, 667, 712
 in otorhinolaryngology, 76, 758
 for pancreatitis, 494
 for peptic ulcer disease, 373-375
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Antibiotics (continued)
 for peritonitis, 126
 for pneumonia, 299, 301
 prophylactic, 16, 100, 217, 219, 221, 279, 334, 

378, 420, 502, 521, 525
 for pyomyositis, 93, 120-123
 for reconstructive surgery, 730, 732, 733
 for septic arthritis, 139
 for shunt infection, 702-703
 for spina bifida, 702
 for splenic disorders, 500-502
 for typhoid fever, 104, 107-109
 for urinary tract infection, 514, 516, 520
Antireflux procedures, 320, 326, 522, 530, 584, 

762
Antireflux surgery, 284-285, 530, 532, 533. See 

also Fundoplication.
Antireflux valve, 478, 479
Antiretroviral therapy, for AIDS, 78-79, 117, 151, 

225-226, 256
Antitubercular drugs, 116
Anus
 in bladder exstrophy, 529
 in conjoined twins, 752-753
 Hartmann’s pouch, 430, 433
 imperforate, 21, 204, 376-379, 385, 390, 455, 

491, 529, 673-674, 697, 704, 741. See also 
Anorectal anomaly, Anorectal malformation.

 in sexual assault, 225, 467
 in pull-through procedure, 379, 446, 449, 451, 

452-453, 461, 741
 VATER, 24, 727
Anxiety, of patients and families, 82-83, 85-87
Aortopexy, 284-286, 740
Aplasia, 255
Appendectomy, 79, 98-99, 129, 311, 390, 395, 

396, 409, 440-441, 743
Appendicitis, 35, 95-96, 390, 409, 440-442, 495, 

686, 690-691, 743
 acute, 113, 393, 440-442, 489
 perforated, 106, 441, 739, 743
Appendicostomy, 459, 704
Appendix, 361, 379, 440-442
 abscessed, 122, 140
 displaced, 407
 embryology, 143, 389
 inflamed, 362, 390
 perforated, 47, 95, 390, 440-441, 739
 ruptured, 412
 subhepatic, 393
 tuberculosis, 112-113
Arnold-Chiari malformation, 250, 761. See also 

Chiari II malformation.
Arterial access, 47-48
Arterial bleeding, in peptic ulcer disease, 374
Arterial blood gases, 9-10, 47, 59, 217, 293, 418
Arterial blood supply,10, 335, 404,  713
Arterial cannulation, 48-49
Arterial ligation, 760
Arterial malformations, 665, 726.  See also 

Arteriovenous malformations.
Arterial obstruction, 440, 590
Arterial occlusion, 43, 662
Arterial oxygen concentration, 9, 47, 59
Arterial phase, liver tumours, 623, 628
Arterial pressure, 59, 70, 191
Arterial punctures, for vascular access, 48
Arterial resistance, 18
Arterial thrombosis, 209
Arteriovascular shunt, 661
Arteriovenous connection, 660-662
Arteriovenous fistula, 661, 665

Arteriovenous malformations, 202, 657, 660-663, 
665, 726

Arteriovenous shunt, 77, 289, 660, 726
Ascariasis, 142-144, 494
Ascaris lumbricoides, 141-143, 404, 414
Ascitic fluid, 115
Asepsis, 100-101
Aspergillus sp., 756, 759, 770
Aspergillus flavus, 759
Asphyxia, 24, 26, 28, 180, 279, 335, 416
Assault, 159, 190, 223, 225-226
Astrocytoma, 639-645
Asynchronous telemedicine, 778
Atelectasis
 due to aerodigestive foreign bodes, 331
 as complication of chest tuberculosis, 118
 as evidence of tuberculosis, 114
 following liver resection, 629
 and pectus carinatum, 332
 pulmonary, 112, 340
 in neurologically impaired children, 315
 risk of, 10, 14, 15, 62, 142, 340
Atresia, 349, 351, 376-379
 auditory canal, 757
 biliary, 96, 472-474, 476-481, 484-485, 499, 

625-626, 630, 766-768, 771, 775
 bowel, 47, 348, 351, 424, 438, 740, 747, 748
 bronchial, 288, 747
 choanal, 277-278, 727, 748, 757
 colonic, 402, 437-438
 distal, 378
 duodenal, 306-307, 376-379, 381-384, 390, 

394, 484, 748
 intestinal, 4-5, 31, 376, 385-388, 394, 397, 412, 

418, 427, 742, 747
 jejunoileal, 376, 378-379, 394
 laryngeal, 288
 with meconium ileus, 402
 neonatal intestinal obstruction, 377
 oesophageal, 5, 72, 276, 283, 285, 286, 306-

311, 329, 342, 390, 491, 741, 748
 thoracic duct, 342
 in transplantation, 766
 urethral, 582
 uterine canal, 757
 uteteropelvic, 510
 vaginal, 573, 582, 672-675, 683
Auditory brainstem response, 756
Autonomic dysreflexia, 21, 197
Autotransplantation, 203, 263, 267

B

Bacille Calmette-Guérin virus
 and lymphadenopathy, 242, 246, 247
 tuberculosis vaccine, 96, 113, 118, 242, 247
Bacilli
 acid-fast, 96, 113-114, 465
 fusiform, 730
 gram-negative enteric, 466
 tuberculosis, 111, 113
Bacillus cereus, 730
Bacterial infection, 71, 92-97, 299-301, 416-417, 

730
 in burns, 218, 219
 in cholestasis, 472
 coinfection with parasitic infection, 142, 144-

145
 in empyema, 301
 in lymphadenopathy, 241
 in lymphangioma, 649, 651
 in necrotising enterocolitis, 416-417
 in noma, 730
 in operative procedures, 99
 in pancreatitis, 494

Bacterial infection (continued)
 posttransplantation, 770, 772
 in pyomyositis, 120-123
 in tracheitis, 279, 281
 in tuberculosis, 112, 114, 115
 in umbilical cord, 124
 in wounds, 209, 219
 See also specific bacteria.
Bacterial overgrowth, 379, 387, 424, 426-427, 

430, 440
Bacteroides, 93, 94, 96, 130
Bacteroides fragilis, 124, 130, 730
Bacteroides sp., 241
Bag-mask ventilation, 68-69
Barrett’s oesophagus, 308, 311-313, 315-316
Bartonella henselae, 242
BCG. See Bacille Calmette-Guérin virus.
Bezoars, 355, 412-415
Bile ducts, 472-473, 476, 478-479, 487, 753, 766, 

770
Bilharziasis, 145, 200, 582. See also 

Schistosomiasis.
Biliary atresia, 96, 472-474, 476-481, 484-485, 

499, 625-626, 630, 766-768, 771, 775
Biliary dyskinesia, 489
Biliary obstruction, 126, 472-474, 481, 483, 766
Biliary reflux, 484-485
Birth injuries, 190, 228-231
Bite injuries, 159
Bladder
 abdominal teratoma, 603
 anomalies, 529, 533
 blunt trauma, 203-204
 carcinomas, 146
 catheter placement, 16, 22, 28, 174, 176-177, 

201, 204-205, 408, 418, 457-458, 539, 549
 closure, 530-532, 535-536
 complications with spinal cord injury, 196-197
 in conjoined twins, 753
 distended, 184, 187, 196-197, 200, 204, 562, 

686
 diverticulum, 354
 duplications, 399, 518, 520
 embryology, 672-673
 exstrophy, 348-349, 352, 355, 359, 467, 528-

536, 565
 incomplete emptying, 25
 keyhole, 538
 neurogenic, 704-705
 normal function, 582, 704
 outlet compression, 583
 outlet obstruction, 518-520, 521, 535, 562, 

581-588, 615, 704, 749
 parasitic infestation, 145-146
 perforation, 672
 repair, 531-532, 533-536
 rupture, 200, 201
 stone formation, 565-566, 583
 tumours, 615
 ureterocoeles, 518-519, 521-522.
 and urethral valves, 538-540
 vesicoureteric reflex. See Vesicoureteric reflux.
 volume, 530, 532-533, 535, 536, 586
Bladder injury, 201-202, 203-204, 362, 556-557, 

704
 in abdominal trauma, 184, 187
 with spina bifida, 565, 704
 with ureteral injury, 203, 204
 with urogenital trauma, 200-201
Bladder neck 
 abnormalities, 518, 520, 528, 582-583
 contracture, 587
 fibrosis, 584, 587
 injury, 203-205
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Bladder neck (continued)
 reconstruction, 530, 532-533, 536, 705
 repair, 530, 533-536, 582, 705 
 tumour, 615
Blastomyces, 771
Blister
 from burn, 215, 219
 caused by parasite, 144
 in corrosive oesophageal burns, 324
 in impetigo, 92
 in necrotising fasciitis, 131
 with noma, 730
 with pressure ulcer, 733
Blood, cerebral flow, 190-191
Blood, loss during surgery, 27-28
Blood pressure, related to age, 18
Blood volume, circulating, 35, 59
Boils, 92, 130, 147, 465
Bone puncture, for vascular access, 48, 53
Bone tumours, 633-638
Bonesetter, 158, 210, 211-212,709
Bonesetter’s gangrene, 208, 210, 212
Borrelia vincenti, 730
Bowel atresia, 47, 348, 351, 424, 438, 740, 747, 

748
Bowel obstruction, 26, 28, 29, 376, 440, 746, 758
 with atresia, 385-386
 with bowel-lengthening procedures, 427
 distal, 437
 with internal hernias, 394
 with intussusception, 389, 462-463
 with lymphoma, 605
 with meconium ileus, 401-403
 with parasitic infestation, 149
 with peritoneal adhesions, 412-415
 postoperative complications, 446, 501, 689, 

774
 with stenosis, 432-433
 with tuberculosis, 113
 See also Intestinal obstruction.
Brachial artery, 48, 209, 714-715
Brachial plexus injury, 228-229, 231, 618
Brain injury, pathophysiology, 190-191, 224
Brain tumours, 463, 603, 639-645
Brainstem function, assessment, 191
Branchial arches, 234-239, 287, 727
Bronchial atresia, 288, 747
Breathing circuits, for airway management, 57
Breathing problems, 67-69
Breech delivery, 228-231, 248-249, 252
Broadband information transfer, 779-780
Bronchogenic cysts, 238, 288, 289, 338-339
Bronchopneumonia, 143, 219, 273, 754
Bronchopulmonary foregut malformation, 287-

289
Bronchopulmonary sequestration, 287-289, 304, 

747
Bronchoscope, 273-276, 280-281, 330, 340
Bronchoscopy, 112, 215, 272-275, 279, 284-286, 

304, 307, 312, 329-330, 649, 761, 763
Brugia malayi, 664, 732
Bruises, as sign of child abuse, 223
Budd-Chiari syndrome, 503-504, 506, 767
Burkitt lymphoma, 605-608, 731, 759
 and Epstein-Barr virus, 605, 608, 759
 and kidney tumour, 598, 599
 and lymphadenopathy, 243, 244, 246
 of thyroid gland, 266
Burn injuries, 158-159, 214-221
 as cause of dehydration, 26, 28
 as cause of shock, 19, 69, 216
 in child abuse, 159, 223
 due to caustics, 323-324
 demographics, 157-159, 182, 214

Burn injuries (continued)
 oesophageal, 323-325
 prevention, 160-162, 182, 220, 221, 695
 relation to peptic ulcers, 372
 use of topical antibiotics, 64, 218
Burn victim
 airway management of, 177, 278-279
 use of antibiotics, 221
 examination of, 177
 nutrition of, 217-218
 pain management, 218
 tetanus prophylaxis, 221
Burn wound, 40, 42, 214, 216-221, 725-726
Burr-hole evacuation procedure, 192-193

C
Calcium.
 balance, 29
 in bladder stones, 583
 in channel blockers, 320, 413
 in drugs, 49
 in gallstones, 487-488
 as essential mineral, 31-32, 424, 426
 levels, 31-32, 267, 567, 718-719
 transits, 17-18
 in urinary stones, 565-567
Caloric requirements, 30, 33
Candida, 96, 756
Cannulation, 47-49, 52-53, 173-174, 701
Carbuncle, 92-93
Carcinoma, 259, 462, 463, 529, 535, 536, 644
 acinic cell, 24, 258, 259
 adenoid cystic, 24
 adrenocortical, 623
 biliary, 483
 bladder, 146
 bronchioloalveolar, 288
 choledochal, 483, 486
 embryonal, 601
 follicular, 266
 gastric, 372
 gonadal, 579
 hepatocellular, 243, 622-624-627, 630, 767
 mucoepidermoid, 254, 257, 259
 nasopharyngeal. 243, 759
 oesophageal, 319, 327, 429
 ovarian, 687-689
 pancreatic, 497
 papillary, 262, 266
 penile, 554-561
 rectal, 462
 renal cell, 511, 597, 599
 squamous cell, 220, 238, 327
 testicular, 569, 578
 thyroid, 262, 266-268
 thymic, 338
Cardiac function, 17-18, 182
Cardiac injury, 182
Cardiac structure, 17-18
Cardiac tamponade, 69, 173, 176
Cardiogenic shock, 21, 69
Cardiopulmonary arrest, 67, 73, 772
Cardiopulmonary depression, 218
Cardiopulmonary disease, 294
Cardiopulmonary dysfunction, 738
Cardiopulmonary resuscitation, 77
Cardiorespiratory compromise, 299
Cardiorespiratory event, 60
Cardiorespiratory monitoring, 56, 68, 73
Cardiorespiratory processes, 190
Cardiorespiratory system of conjoined twins, 

751-752
Cardiovascular adaptation,  neonates, 9-10

Cardiovascular complications, of spinal cord 
injury, 196

Cardiovascular failure, 69-70
Cardiovascular function
 in children versus adults, 55, 60
 in conjoined twins, 752-753
 normal paediatric parameters, 70
Cardiovascular medications, 21
Cardiovascular physiology, 17-22
Cardiovascular support, 17-22
Caroli’s disease, 472, 483, 485, 627, 766
Carotico-cavernous fistula, 194
Carotid artery aneurysm, 241
Castleman disease, 242-243
Casts, 208, 210
 as cause of skin ulcers, 44
 for clubfoot correction, 711
 mermaid, 531
 spica, 228
Cat scratch disease, 240-243, 245, 247
Catheterisation, 47-53
 clean intermittent, 83, 58, 587, 705-706
 superselective, 662
 umbilical, 124, 352
 urethral, 64, 197, 201-205, 519, 532,.534, 544, 

566, 584, 587
Catheters, 47-53. See also Catheterisation.
Caustic ingestion, 161, 279, 323-328, 330
Cellulitis, 49, 93. See also Inflammation.
Central nervous system, 167-168
 in conjoined twins, 753
 disorders, 56
 in Hirschsprung’s disease, 448
 in infantile hypertrophic pyloric stenosis, 368
 infection, 71
 in obstructive jaundice, 474
 in omphalitis, 125
 in poliomyelitis, 716
 role in blood pressure, 18
 role in voiding, 581-582
 in transplantation, 770
Central venous access, 50-53
 complications of, 52-53, 379, 771-772
 indications for, 47, 50
 infections, 96
 sites for, 49-53, 70, 72, 173, 342
 surgical techniques, 51-52, 740
Cerebral palsy, 56, 250, 257, 304, 311, 699, 733, 

761
Cerebrospinal fluid, 192, 193, 616, 639-641, 644, 

699-703
 fistula, 193, 701, 702
 leakage, 192-194, 701-703, 729
 pathways, 640-641
 rhinorrhea, 730, 758
 and shunts, 193, 701, 703
Cervical spine injury, 52, 67, 68, 72, 172, 176, 

191, 194-196, 250, 729
Cervix, 678, 680
Chest 
 burns, 215
 complications with sickle cell disease, 37-38 
 in conjoined twins, 750, 752-754
 drainage of, 294-296, 299, 301-302, 335, 343-

344, 740
 eschars, 215
 extralobar sequestration, 289
 flail, 69, 165, 168, 173, 335
 funnel, 4, 333-337, 740
 herniation into, 291-294, 315, 747
 infection, 62, 104, 229, 289, 292, 295, 323, 761
 injuries, 157, 165, 168-169
 movement, 58, 69, 72, 173, 292
 pain, 112, 300, 304, 321, 328, 332-333, 603
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Chest (continued)
 percussion of, 279-280
 physiotherapy, 176, 196, 302
 pigeon, 294, 332-334, 719
 in secondary survey, 176
 trauma, 176, 180-183, 184
 tube insertion, 181, 183
 and tuberculosis, 111, 112, 118
 tumours, 609, 623, 657
 See also Acute chest syndrome; Chest wall; 

Empyema thoracis.
Chest wall
 in burn injuries, 215
 deformities, 294, 332-337
 and necrotising fasciitis, 93, 126
 physiology, 10, 14, 182
 sinus, 116
 trauma, 173, 176, 180-182
 tumours, 615-616, 620, 633-634, 649
Chiari II malformation, 700, 704. See also Arnold-

Chiari malformation.
Child abuse, 222-226
 and abdominal trauma, 184, 200
 assessing, 174, 176
 and burn injuries, 214-215, 220
 and craniocerebral trauma, 190, 198
 diagnosing, 174, 176, 191, 206, 223, 224-225
 laws against, 194
 and musculoskeletal trauma, 208
 risk factors, 183
 sexual, 159, 225-226
 signs of, 174, 215
 types of, 159, 222
 versus birth injuries, 228
Chlabra shunt, 696
Choanal atresia, 277-278, 727, 748, 757
Cholangiography, 473-474, 478, 484-485, 488-

489, 629, 753, 769
Cholangiopancreatography, 473, 484, 486, 488, 

492, 495, 496
Cholangitis, 3, 472-473, 477, 479-481, 483-486, 

766, 769
Cholecystectomy, 36, 37, 107, 473, 488-490, 500, 

738, 740
Cholecystitis, 35, 36, 103-107, 488-489
Choledochal cyst, 96, 472-473, 476-477, 479, 

483-486, 494-495, 649, 766
Choledocholithiasis, 473, 488-490
Cholelithiasis, 36, 424, 472, 485, 486, 487-490
Cholestatic liver disease, 766-767
Chondroblastoma, 633, 665
Chondrosarcoma, 633-635, 640, 731
Chordee, 529, 532, 541-545, 548-552, 555, 557, 

578
Choriocarcinoma, 601, 640, 686, 687
Chronic granulomas, 241-243
Chronic wounds, 42-44, 215, 725
Chylothorax, 308, 342-344
Circulation, 173-174
 in ABCDE, 172, 200, 215, 225, 330, 644, 729
 enterohepatic, 487
 foetal, 8-10, 15, 291, 343, 575, 649, 661
 monitoring of, 58-59, 69-70
 in primary survey, 172-174, 177
 pulmonary, 9, 14-15, 18, 21, 68, 291
Circulation, Respiration, Abdomen, Motor, and 

Speech (CRAMS) scale, 165, 167-168
Circulatory system, 8-10, 17-22, 42
Circumcision, 554-558
 after newborn period, 556, 557, 562
 as protection against HIV, 77-79, 153
 complications of, 206, 543, 545, 555, 557, 558, 

561, 562
 contraindications to, 545, 554-555

Circumcision (continued)
 ethical issues, 77, 222, 554, 558, 561
 female, 222, 455
 indications for, 554-555, 558, 561, 563
 neonatal, 78, 79, 555
 partial, 554-556
 procedure, 555-556, 558, 561
Cirrhosis, 40, 42, 299, 342, 472, 474, 484-486, 

503-504, 506-507, 623, 625-626, 628, 630, 
766-767

Citrobacter, 120
Cleft glans, 542, 546, 548-549
Cleft lip, 234, 601, 694-696, 727-728
Cleft palate, 56, 234, 601, 694-696, 727-728
Clefts (other)
 branchial, 234-235, 603
 laryngeal, 273, 278, 284
 midline cervical, 237
 sternal, 336
Cloaca
 embryology, 518, 528, 538, 541, 581, 672-673
 persistent, 455-456, 459, 672-675
Cloacal anomaly, 348, 536, 582-583, 672-673, 

682-683, 753
Cloacal exstrophy, 429, 437, 528-530, 535, 573
Closed reduction, 209-210, 212, 714-715, 721, 

741
Clostridia myonecrosis, 93. See also Gas 

gangrene.
Clostridia perfringens, 124
Clubfoot, 694-697, 704, 709-712, 719-721
Coagulation, in wound healing, 40
Coccidioides, 771
Colectomy, 106, 117, 405, 445-446, 461-463, 

740, 741
Colitis, 35, 96, 142, 420, 443-444
 amoebic, 141-142
 ulcerative, 95-96, 443-446, 500, 741
Collagen, 41-44, 219, 259, 325
Colon, 124, 325, 376, 379, 386, 389, 393-394, 

397, 413, 416-417, 424, 426, 449
 aetiology, 529
 cancer, 462
 in conjoined twins, 753
 duplications, 399
 gastroschisis, 349
 in Hirschsprung’s disease, 449-453, 741
 injury to, 187, 741
 intussusception, 404, 406, 408
 obstruction, 414
 parasitic infestation, 141, 143, 144
 perforation, 95, 104, 108
 polyps, 462-463
 resection, 420
 stoma, 429-430, 433
 ulcerative colitis, 443-445
 use in grafts, 325-327
Colonic agangliososis, 448, 453
Colonic atresia, 402, 437-438
Colonic gas shadow, 185
Colonoscopy, 115, 443, 444, 461-463, 467
Colostomy, 187-188, 225, 378-379, 399, 414, 

429-433, 468
 for anorectal malformations, 84, 379, 455-457, 

459-460, 468
 for cloaca, 675
 with conjoined twins, 753
 diverting, 225, 379, 468
 double-barrel, 457
 with Hirschsprung’s disease, 378-379, 451, 453
 loop, 456, 583
 and necrotising fasciitis, 129
 social stigma, 84
Computed tomography (CT) scan. See CT scan.

Condylomata accuminatum, 465, 468
Congenital malformations
 cystic adenomatous malformation, 287-288, 

741, 747
 diaphragmatic hernia, 5, 14, 229, 288-289, 291-

295, 297, 310-311, 390, 393, 603, 746-747
 muscular torticollis, 248-253, 729
 pulmonary adenomatous malformation, 287
 pulmonary airway malformation, 292
 subglottic stenosis, 278, 761, 763
Conjoined twins, 750-754
Contrast-enhanced CT
 for abdominal trauma, 185, 187
 for annular pancreas, 492
 for arteriovenous malformations, 661, 663
 for bladder outlet obstruction, 586
 for brain and spinal cord tumours, 642- 

643
 for caustic oesphageal injury, 324
 for cystic lung lesions, 289
 for liver tumours, 623-624
 for necrotising enterocolitis, 418
 for ovarian lesions, 687
 for salivary gland disease, 255-256, 259
 for tuberculosis, 115
 for urinary tract injuries, 201-202
Contrast-enhanced MRI, 616
Contrast-enhanced radiography, 32
 for annular pancreas, 492
 for anorectal problems, 188, 457
 for bladder outlet obstruction, 585
 for colonic atresia, 437
 for conjoined twins, 751, 753
 for duodenal atresia, 381
 for gastrointestinal duplication, 398
 for Hirschsprung’s disease, 450
 for intestinal atresia, 386
 for intestinal malrotation, 394
 for intussusception, 406
 for neonatal intestinal obstruction, 376-380
 of oesophagus, 276, 289, 307-308, 315, 320-

321, 324, 339
 for thoracic trauma, 181
 for ureteric duplications, 519
 for ureteropelvic junction stenosis, 516
 for urinary tract injury, 201, 204-205
Contrast follow-through, 443, 445
Contrast studies
 diaphragmatic hernia, 294
 gastrointestinal stomas, 430, 433
 tuberculosis testing, 114-115
 upper gastrointestinal, 284, 289, 311, 315, 320, 

369, 412-414, 492
Corrosive ingestion, 161, 279, 323-328, 330
Corynebacterium pyogenes, 730
Counselling
 about HIV, 122, 465
 on disorders of sex development, 578
 genetic, 453, 695, 697
 for patients and families, 76, 78, 86, 161, 427, 

463, 530, 545, 727, 751
 prenatal, 749, 754
 preoperative, 427, 433
Cranial nerve palsy, 193-194
Craniocerebral trauma, 190-194, 224. See also 

Head injury.
Craniopharyngioma, 639-640, 643-644
Craniospinal tumours, 639-640
Craniotomy, for trauma, 192-193, 643
C-reactive protein, 115, 121, 136, 440, 444
Critical care, 67-73
Crohn’s disease, 95, 113-115, 443-446, 466
Cryptococcus sp., 130, 771
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CT scan, 71-72, 176-177, 398, 738, 779
 for abdominal trauma, 185-187, 189
 for annular pancreas, 492
 for appendicitis, 440-441
 for arteriovenous malformation, 661
 for birth injury, 229
 for bladder outlet obstruction, 585-586
 for bone tumours, 633-636
 of brain, 224, 640-645
 for caustic oesophageal injury, 324
 of chest, 300, 332, 334, 336, 616, 623
 for choledochal cyst, 484
 for choledocholithiasis, 473
 for cirrhosis, 623
 of conjoined twins, 751, 753
 contrast-enhanced. See Contrast-enhanced CT.
 for cystic kidney disease, 511
 for cystic lung lesions, 287-290
 for foreign bodies detection, 330-331, 412
 for gastrointestinal duplication, 398
 guidance, 95-96, 277, 329
 for head injury, 190-194
 for intracranial injury, 229
 for intussusception, 407
 for kidney tumours, 598
 for liver tumours, 623-625, 627-628
 for lung abscess, 304
 for lymphangioma, 650-652
 for lymphomas, 606
 for mediastinal lymphadenopathy, 244-245
 for mediastinal masses, 284, 339-341, 603
 for necrotising enterocolitis, 418
 for neurodisabilities, 701
 for omphalitis, 125-126
 for otorhinolaryngology diseases, 757-761
 for ovarian lesions, 687
 for pancreatitis, 495-497
 for parasitic infestation, 142, 148
 for pleural effusion, 300-301
 for portal hypertension, 504
 for pyomyositis, 121
 for reconstructive surgery, 726, 729
 for renal trauma, 203, 230
 for reproductive tract anomaly, 679, 687
 for rhabdomyosarcoma, 615
 for salivary gland diseases, 255-260
 for scrotal injuries, 206
 for spinal trauma, 195
 of spleen, 500-501
 for surgical site infection, 100
 for teratomas, 603
 for thyroid gland evaluation, 262
 for tracheomalacia, 284
 in transplantation, 769-770
 for tuberculosis, 115
 for ureteropelvic junction stenosis, 514
 for urinary stones, 567
 for urinary tract injuries, 201-203
Cultural factors, 5, 10, 61-62, 76-77, 83-84, 214, 

222-223, 330, 416, 572, 697, 750
Cultured epithelium technique, 219
Cultures
 abscesses, 95-96, 105, 120-121, 281, 465
 of aspirate, 35, 242
 for biliary atresia, 477
 blood, 32, 35, 52, 93, 96, 103, 281, 770
  bone, 35, 135 
 of burn wound, 219-220
 of catheter, 52
 cerebrospinal fluid, 193, 702
 for empyema thoracis, 299-302
 gallbladder contents, 105, 107
 for haematogenous osteomyelitis, 135-136, 

138, 139

Cultures (continued)
 for Helicobacter pylori infection, 373
 in lymphadenopathy, 241-243, 245-247
 for lymphangiomas, 650-651
 microbiological, 11, 105, 120, 131
 mycobacterium, 114, 242
 for necrotising enterocolitis, 418
 for necrotising fasciitis, 131
 for nosocomial infection, 94
 for omphalitis, 125, 353
 for poliomyelitis, 694
 for pyomyositis, 120-121
 for splenic abscess, 500
 stool, 103
 of surgical site infection, 98-100, 107
 tissue, 247, 770. 
 for tuberculosis, 114-116, 118, 245-247
 urine, 35, 103, 105, 364, 459, 511, 520, 566, 

586
 See also under specific disorders.
Curling’s ulcer, 220, 372
Cushing’s triad, 191
Cushing’s ulcer, 372
Cyanosis, 15, 21, 68, 173, 177, 277, 280, 283, 

284, 292, 295, 343, 649, 727, 757, 761
Cystic adenomatoid malformation, 14, 304, 741
Cystic fibrosis, 304, 376, 401, 403-404, 468, 472-

473, 477, 487, 494-496, 498, 565, 748, 759. 
See also Meconium ileus.

Cystic hygroma, 3, 234, 235, 237, 249, 272, 278, 
603, 648-649, 726

Cystic kidney disease, 510-512, 538, 627
Cystic lesions, 96, 255, 262, 287-288, 339, 354, 

626-627, 649-652, 654
Cystic lung lesions, 747
Cystic lymphangioma, 648-654, 726
Cystic nephroma, 599
Cystic pulmonary lesions, 287-290, 304
Cystic teratoma, 601, 649, 654, 685
Cystinuria, 565
Cystine stones, 566
Cystogram, 201-204, 520, 524, 532-533
Cystoscopy, 146, 201, 205, 516, 520-521, 525, 

532-533, 539-540, 544, 562, 567, 585, 616, 
749

Cystourethrogram, micturating, 511, 519, 524-
525, 539, 583-587, 592, 704

Cysts
 adenoid, 254, 257
 bone, 255, 633-635
 bowel, 748
 branchial, 3, 234-237, 249, 603, 649
 bronchogenic, 238, 288, 289, 338-339
 choledochal, 96, 472-473, 476-477, 483-486, 

494, 649, 766
 corpus luteum, 688
 dermoid, 237, 352-353, 557, 640
 duodenal, 399
 echinoccocal, 500
 Entamoeba histolytica, 96, 141
 enteric, 404, 494
 epidermoid, 463, 640, 644
 epididymal, 569
 excision of, 485
 extrahepatic, 485
 follicular, 686-688, 731
 hepatic, 511, 624, 626-627
 hilar, 476
 hydatid, 147-148, 304, 500
 intraabdominal, 389-390
 intrahepatic, 485
 laryngeal, 272-273
 leptomeningeal, 192
 lung, 287-290, 292, 747

Cysts (continued)
 mediastinal, 338-340
 mucous, 254, 257, 272 
 neck, 234-239, 649-650
 neuro-enteric, 339
 omphalomesenteric, 353-354
 oropharyngeal, 398
 ovarian, 484, 649, 685-691
 paratoid, 259
 parovarian, 688
 pelvic, 398
 pericardial, 339
 popilteal, 3
 renal, 510, 649
 retroperitoneal duplication, 398
 salivary gland, 254, 259
 spinal cord, 398
 splenic, 500-501, 740
 subglottic, 274, 762, 763
 theracoabdominal, 399
 thoracic, 398
 thymic, 238, 649
 thyroglossal, 3, 234, 237-239
 thyroid, 266, 268
 urachal, 125, 352, 354, 581, 584, 649
Cytokines, cell signaling in, 40
Cytomegalovirus
 with liver disease, 473, 623
 and lymphadenopathy, 243-245
 and lymphadentitis, 241
 in neonatal jaundice, 477
 with pancreatitis, 494
 in rectal mucosa, 468
 with transplantation, 769-770

D
Data technology, 778-779
Debridement
 with bladder injuries, 204
 of burn blisters, 215
 of devitalised tissue, 93-94, 186, 203, 210
 of empyema, 740, 743
 in fractures, 209-210, 712-714, 721
 of fungal infections, 759
 with myonecrosis, 353
 in necrotising fasciitis, 126, 129, 132-133, 353
 with osteomyelitis, 667, 712, 714, 721
 with otitis externa, 756
 with pancreatic necrosis, 496
 in plastic surgery, 730
 of sequestra, 136-137, 139-140, 209-211, 712-

713
 with skin necrosis, 49
 thoracoscopic, 302, 742-743
 of wounds, 43-44, 57, 94, 703, 712-714, 725
Decannulation, 283, 761
Deep incisional surgical site infections, 98
Dehydration, 26-28
 with burn injuries, 218
 clinical effects of, 19
 determining severity of, 26, 104, 369, 407, 576
 and duodenal obstruction, 381
 with empyema, 300
 and gallstone formation, 487-488, 490
 as indication for small bowel transplantation, 

771
 with oesophageal atresia, 309
 and parasitic infections, 142
 perioperative management, 23, 25, 38
 with pleural effusion, 300
 with pyloric stenosis, 368-369, 371
 and shock, 70
 with short bowel syndrome, 396
 signs and symptoms of, 19, 25-26
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Dehydration (continued)
 and typhoid fever, 104
 and xerostomia, 257
Dengue fever, 244-245
Diagnostic peritoneal lavage, 176, 184, 187, 189
Diaphragm, 181-182, 295-297
Diaphragmatic hernia, 287-289, 342, 740
 congenital, 5, 14, 291-297, 310-311, 390, 393, 

746-747
 Morgagni, 338
 and pulmonary hypertension, 9
Digital data transfer, 779
Diphtheria, 277, 279, 281, 760, 762
Disability, 694-698 
 assessment of, 172, 174, 177, 215, 225
 causes of, 4, 84, 157-159, 633
 decline in rate of, 169
 long-term, 165
 neurodisability, 420, 699-706
 outcome scale, 193
 permanent, 208, 212, 228, 231
 prevention measures, 637
 treatment to limit, 633, 661
 urological, 200
Disability-adjusted life years, 4-6, 157, 637
Discrimination, social, 78-79, 84-85, 558, 572
Disfigurement
 due to burns, 158
 due to circumcision, 561
 due to cold abscess, 96
 due to congenital muscular torticollis, 251
 due to excisional therapy for arteriovenous 

malformations, 662
 due to Fournier’s gangrene, 94
 due to lymphangiomas, 649, 653
 due to lymphoedema, 664
 due to necrotising fasciitis, 130
 due to neurofibroma, 259
 due to neurofibromatosis, 732
 due to noma, 731
 due to Poland’s syndrome, 335
 due to unilateral limb enlargement, 664
Disorders of sex development, 543-545, 572-579
 ambiguous genitalia, 3, 359, 683, 572-577
 and circumcision, 555
 and Hirschsprung’s disease, 452
Distance information transfer, 778-779
Diverticulum, 390, 521, 551-552
 bladder, 354, 582, 583, 585-587
 extrahepatic bile duct, 483
 intestinal, 389-394
 Meckel’s, 352-354, 361, 376, 389-391, 404, 

412, 463
 respiratory, 287
 thyroid gland, 237, 239
 urethra, 582
Doppler ultrasonography, 255, 287, 289, 505, 586, 

592, 616, 624, 657, 666, 748, 751, 773
Down syndrome, 255, 264, 342, 381, 384, 390, 

448, 453, 456, 491, 493, 694, 746
Dracontiasis, 141, 144-145
Drowning, 159
Duodenal atresia, 306-307, 376-379, 381-384, 

390, 394, 484, 748
Duodenal obstruction, 381-384, 386, 394, 491-

493
Duodenoduodenostomy, 307, 378, 382-384, 492
Duplications
 abdominal, 398
 cervix, 678
 cystic, 398-399, 463, 484, 603
 embryology of, 397
 enteric, 376, 494, 649
 foregut, 289, 338-340, 397, 398, 603

Duplications (continued)
 gastrointestinal, 397-399, 404, 463
 of limbs, 664
 rectal, 399, 582
 renal, 202, 519, 522
 of small bowel, 398-399
 thoracic, 397, 398
 ureteric, 518-522, 525, 673
 urethral, 562, 582, 583, 587
 vaginal and uterine, 601, 678, 681
Dyskinesia, 312, 489 
Dysreflexia, autonomic, 21, 197

E
Ear, 139, 756-757, 759, 763
Echinococci sp., 147
Education
 community health, 108, 302, 330, 536, 592-

593, 695, 712, 734, 757
 denial in African setting, 84, 697, 724
 to dispel myths, 33, 697
 of health care providers, 4, 220, 230, 231, 302, 

777-778
 on injury prevention, 159-160, 220, 330
 lack of facilities for, 5-6, 697, 756, 777
 paediatric surgery, 783-785
 of patient and family, 38, 79, 252, 496, 563, 

578, 682, 683
 to prevent necrotising fasciitis, 133
 resources for, 169
 on safety, 159-160, 198, 220
 using telemedicine and e-health, 777-781
Elbow, supracondylar fracture of, 714-716
Elective surgery, 3, 4, 19, 30, 33, 56-57, 72, 78, 

82, 98, 152
 for abdominal tuberculosis, 116-117
 bowel resection, 772
 caesarean section, 152
 cholecystectomy, 36, 488, 490
 of conjoined twins, 751-752, 759
 delivery, 747
 exploration of testes, 92
 for hydrocele, 364, 592
 for inguinal hernia, 360, 362, 364-365, 592
 nephrectomy, 772
 for oesophageal atresia, 307
 splenectomy, 438, 501-502, 740
 tonsillectomy, 760
 transplantation, 772
 for ulcer, 373
 for umbilical hernia, 355, 356
 for valvular injury, 182
Electrolyte balance, 23-29, 107, 426, 428, 771
Electrolyte imbalance, 30, 109, 132, 142, 343, 

371, 381, 446
Embryology
 bile ducts, 487
 branchial arches, 234-237, 287
 cloacal membrane, 528, 541, 672
 gastrointestinal duplication, 397
 genitalia, 358, 541, 672
 importance of, 724
 larynx, 287
 limb, 664
 lung, 287
 lymphatic system, 648
 mesenchymal cells, 660
 midgut, 393
 palate, 727
 umbilical cord, 352, 393
 ureteric duplications, 518
 urogenital system, 358, 581, 672-673
 vitelline duct, 389
 wolffian duct, 518

Emphysema
 congenital lobar, 287, 289, 747
 subcutaneous, 181, 730
 with tuberculosis, 114
Empyema, 116, 287, 299-302, 304, 326, 740, 742, 

743
Empyema necessitans, 299-300, 302
Empyema thoracis, 93, 299, 301-302
Enchondroma, 633-635, 665
Endoscope, 272, 274, 275, 330-331, 414, 504, 

758, 759
Endoscopy, 273-275, 373
 in aerodigestive foreign body diagnosis, 330-

331
 in bladder outlet obstruction diagnosis, 587
 in choanal atresia diagnosis, 757
 in corrosive ingestion, 323-325, 328
 dilatation, 325
 in familial adenomatous polyposis 

investigations, 462
 gastrointestinal, 504-505
 in gastrointestinal stomas, 432
 in Helicobacter pylori diagnosis, 373-374
 in inflammatory bowel disease investigation, 

443-444
 in intestinal obstruction diagnosis, 412
 oesophageal, 320
 in rectal bleeding diagnosis, 390
 in transplantations, 773
 upper GI, 311
 urogenital, 577, 582, 751, 753
 in vocal cord paralysis diagnosis, 761
 zoom, 773
Endotracheal tubes, 58
Enlarged arteriovenous malformations, 661-662
Enlarged bladder, 586
Enlarged cervical node, 249
Enlarged choledochal cyst, 484
Enlarged epiglottis, 762
Enlarged genitals, 266, 575-576, 578, 586, 672, 

673
Enlarged head. See Hydrocephalus.
Enlarged hilar node, 111
Enlarged kidney, 510
Enlarged limb, 664-668
Enlarged liver, 35, 105, 142, 146, 281
Enlarged lymph nodes, 3, 96, 112, 114, 152, 235, 

240-247, 266, 362, 404, 409, 649
Enlarged masseter muscles, 527
Enlarged mediastinal node, 111
Enlarged neural foramina, 644
Enlarged pancreas, 115, 495
Enlarged parotid gland, 256, 257
Enlarged pons, 643
Enlarged salivary gland, 254
Enlarged spinal cord, 716
Enlarged spleen, 35, 281, 766
Enlarged thyroid gland, 238, 263-265, 267, 268
Enlarged tonsils, 281, 760
Enlarged utricles, 544
Entamoeba histolytica, 96, 141-142, 444, 467
Enteral antibiotics, 561
Enteral nutrition, 30-33
 and annular pancreas, 492
 and burn patients, 214, 217-218
 and cystic fibrosis, 402
 and gastro-oesophageal reflux, 313
 and gastroschisis, 349
 and hypermetabolic response, 214
 and intestinal atresia, 383, 387
 and short bowel syndrome, 424-427
 and thoracic duct flow, 343
 and typhoid fever, 109
Enterobacter sp., 93, 130, 218
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Enterobius vermicularis, 467
Enterocolitis, 404, 429, 770
 Hirschsprung’s-associated, 379, 450-453
 necrotising, 31, 95, 125, 416-421, 424, 427, 

473, 487, 490, 751-752
Enteroplasty, 380, 387
Enterostoma, 429, 430, 433
Enterostomy, 106-107, 143, 379, 402, 414, 419, 

484
Ependymoblastoma, 641
Ependymoma, 639-644
Epididymitis, 364, 590-593
Epidural anaesthetic, 59, 63-64, 197, 332, 335
Epidural haematoma, 190-194
Epidural neuroblastoma, 610
Epiglottis
 acute, 280-281, 761-762
 in bronchoscopy, 275
 and upper airway obstruction, 279-280
 in laryngomalacia, 278, 761
 in laryngoscopy, 272
Epispadias, 359, 528-536
Epistaxis, 176, 194, 726, 730, 759-760, 763
Epithelial tumours, 257-259
Epstein-Barr virus
 and Burkitt lymphoma, 60, 608, 759
 and glandular fever, 281
 and lymphadenopathy, 243, 244
 and pancreatitis, 494
 and transplantation, 770-771, 774
Escherichia coli
 and bone infection, 36
 and epididymitis, 590
 and liver abscess, 96
 and necrotising fasciitis, 93, 130
 and otitis media, 76
 and postsplenectomy sepsis, 502
 and septic arthritis, 139
Ethics, African, 76-80, 453. See also Cultural 

factors; Ethical Issues sections in each 
chapter.

Ewing’s sarcoma, 136, 614, 616, 618, 620, 633-
634. 636-637, 665

Excision
 for burns, 216, 218-219, 221
 of cephalhaematoma, 228
 of dead and necrotic tissue, 93
 of heterotopic ossification, 197
 for hypertrophic scar, 42
 for neck fistula, 235
 of peritoneal adhesions, 127
 in tuberculosis patients, 96, 112
 See also Debridement.
Exomphalos, 9, 28, 31, 292, 348-351, 747-748, 

751-752
Exposure, ABCDE, 174, 215, 225
Extrahepatic bile duct, 472-473, 476, 477, 479, 

483, 487
Extrahepatic biliary atresia, 473, 625, 766, 775
Extrahepatic biliary system, 472-473, 476-478, 

483
Extrahepatic choledochal cysts, 483, 485
Extrahepatic obstructive disorders, 481
Extrahepatic portal hypertension, 503
Extramedullary haematopoiesis, 499, 501
Extramedullary tumour, 644
Extrapulmonary tuberculosis, 112, 116-117, 239, 

241
Extravasation
 in bladder injury, 204
 in burn injury, 214
 as complication of peripheral cannulation, 53
 contrast, 185, 204-205, 585
 as infection cause, 181

Extravasation (continued)
 of intraabdominal bile, 473
 in major renal injury, 202
 mucous, 257
 with thrombosis, 49, 53 
 during transport, 12
 in urethral injury, 205
 with vascular access, 49, 53

F
Face masks, 20, 57, 68-69, 280
Facial nerve, 235, 255, 258, 259
 injury to, 191, 229, 242, 254, 258, 259, 261
 palsy, 191, 229, 258-259, 653, 730
Familial adenomatous polyposis, 461-463, 625, 

771
Fasciotomy, 132, 209, 717
Fasting
 with cholelithiasis, 487, 490
 guidelines, 26-27, 55-56, 60, 293, 773-774
 status, 23, 343
Fat embolism, 194
Femoral anatomy, 362
Femoral artery, for vascular access, 48, 52
Femoral epiphysis, 266
Femoral head, 36, 139
Femoral hernia, 358, 360, 362-363, 365, 376
Femoral shaft fracture, 165, 169, 210
Fibroblasts, 41-42, 44, 145, 218-219, 353, 554, 

619, 731
Fibrosarcoma, 613-614, 621, 633, 649, 685
Fibrous dysplasia, 633-635, 731
Fibrous histiocytoma, 614, 618-619, 633, 640
Filariasis, 244, 342, 664-667, 732
Fissure-in-ano, 429, 452, 463, 465-467
Fistulas, 465-469
 anorectal, 455-460
 arteriovenous, 503, 661, 665
 bowel, 31-32
 broncho-oesophageal, 273
 bronchopleural, 202
 carotico-cavernous, 194
 cerebrospinal fluid, 193, 701, 702
 in Crohn’s disease, 446
 enterocutaneous, 3, 108, 409, 433
 faecal, 390
 gastrocutaneous, 433
 gastrointestinal, 725
 lymphatic, 653
 mucous, 457, 674
 in neck, 234-239
 omphalomesenteric, 353, 389
 palatal, 728
 pancreatic, 382, 497
 perianal, 377-379, 445, 453
 perineal, 455-456
 rectal, 458-459, 468
 rectourethral, 741
 rectourinary, 456
 rectovaginal, 3, 152, 429, 465
 rectovestibular, 455-459
 salivary, 259
 surgery, 466
 thoracic, 342-343
 thyroglossal, 238-239
 tracheo-oesophageal, 278, 283, 286, 304, 306-

308, 311, 325, 329, 491, 740-741, 748
 in tuberculosis, 113, 116-118
 and typhoid fever, 108
 umbilical, 125
 urethral, 455, 457, 468, 551-552, 741
 urethrocutaneous, 235, 546, 556-557
 urethrovaginal, 205, 455, 673
 urinary tract, 458, 587

Fistulas (continued)
 vesicorectal, 582
Fistula-in-ano, 465-466
Flap, 42-43, 297, 308, 712
 over anastomosis, 326
 over bladder, 203-204
 bone, 193
 for hypospadias, 548-552
 Mathieu technique, 548-549
 muscle, 138, 180, 294, 302, 335, 343, 350, 534, 

675, 680, 752
 myocutaneous, 37, 335, 725
 for pectus carinatum, 332
 pleura, 180
 reconstruction, 132, 725, 731, 733
 rotational, 192, 728
 scalp, 193
 skin, 138, 350, 532, 545, 675, 680, 706, 752
 Thiersch technique, 431, 468, 548-549
 tissue, 44, 336
 ureteral, 203, 515
Flat glans, 542, 546, 548
Fluid and electrolyte status
 absorption, 112
 balance. See Fluid balance; Electrolyte balance.
 deficits, 105, 413-414
 depletion, 369-371
 imbalance, 30, 109, 132, 142, 343, 371, 381, 

446
 losses, 8, 11, 72, 187, 387, 427, 451-452, 496, 

586
 needs, 30
 problems, 55, 369, 432
 replacement, 382, 492
 therapy, 23-29, 70
Fluid balance, 28-29, 30, 72, 105, 107, 109, 343, 

426, 428, 496, 689, 752, 771
Fluid resuscitation, 16, 20-22, 173, 186, 198, 214, 

217, 220, 374, 378-379, 396, 407, 492, 520, 
730

 bolus infusions, 17, 21-22, 51, 70, 72, 105, 
373, 395

 ethical issues about, 32
 guidelines, 30
 hypotonic, 71
 infusion, 47-50, 176
 intraoperative, 26-28
 intravenous. See Intravenous fluids.
 isotonic, 12, 176, 395
 maintenance, 12, 25, 177, 185, 216, 408, 496
 monitoring, 21, 773
 normal saline, 20, 176, 408
 perioperative management, 23-29
 postoperative management, 28
 requirements, 25-27, 30
 replacement, 12, 105, 132, 143, 174, 257, 280-

281, 343, 369, 382, 386, 479
Fluoroscopy, 50-51, 202, 292-293, 295, 329, 331, 

408, 410, 457, 477, 519, 652, 674, 701, 721
Foetal shunt, 9-10, 15, 287, 291, 398, 538, 661, 

747-749
Foetal therapy, 746-749
Folliculitis, 92
Fontanelle, 19, 26, 191, 229, 265, 640
Foreign bodies
 aerodigestive, 329-331
 aural, 756
 catheters as, 49, 52, 546
 ingested, 159, 201, 329-331, 390, 412-415, 440
 inhaled, 4, 64, 67, 172, 272-276, 277-280, 304, 

329-331
 nasal, 758
 as nidus for stone formation, 583
 penetrating, 190, 192, 200
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Foreign bodies (continued)
 stents as, 546
 in wound, 43, 93, 99-100, 201, 209-210, 212, 

713
Foreskin, 529, 541-544, 547-548, 550-551, 554-

558, 560-563
Fournier’s gangrene, 93-94, 129, 556
Fractures, 208-212, 709, 712-714, 720, 721
Fulminant hepatic failure, 766-767
Fundoplication, 284-286, 294, 312, 313-317, 320, 

321, 740, 741. See also Antireflux surgery.
Furuncle, 92
Fusiformis fusiformis, 730
Fusobacterium sp., 120, 730

G
Gallbladder
 with biliary atresia, 476-478
 cancer, 483
 cholecystitis, 104-105, 107
 cholesterol in, 489
 in conjoined twins, 753
 contraction, 424
 distention of, 488, 489
 floating, 488
 hydrops of, 488
 perforation, 107
 removal of, 489-490
 with sickle cell disease, 35-36
 teratomas, 603
 with typhoid fever, 104
Gallstones, 36, 424, 472, 485-490
Gardner’s syndrome, 462-463
Gas gangrene, 92, 93, 129, 130, 132
Gastric outlet obstruction, 113, 323, 370, 372, 

374, 375, 429, 484, 603
Gastrointestinal anomalies, 368
Gastrointestinal bleeding, as complication of 

typhoid fever, 107
Gastrointestinal duplication, 397-399, 404, 463
Gastrointestinal injury, 186-187
Gastrointestinal lesions, 748
Gastrointestinal obstruction, 28
Gastrointestinal problems, with spina bifida, 704
Gastrointestinal system, in conjoined twins, 753
Gastrointestinal tract complications of spinal cord 

injury, 196-197
Gastro-oesophageal obstruction, 113, 323, 370, 

372, 374, 375, 429, 484, 603
Gastro-oesophageal reflux disease, 310-317, 418, 

757
Gastroschisis, 9, 28, 348-351, 747-748
 and colonic atresia, 437
 and inguinal hernia, 359
 and intestinal atresia, 376, 385
 and short bowel syndrome, 424, 427
 and vitelline duct anomaly, 390
Gastrostomy, 275, 294, 307, 311, 313-315, 325-

327, 387, 414, 429, 433, 651, 740
Gaucher’s disease, 477, 501
Gender
 and anorectal malformations, 456
 assignment, 530, 535, 541-555, 572, 576-579
 differences in vesicoureteric reflux, 523
 identity, 545, 577-578
 role in pain perception, 61-62
 social bias in Africa, 31, 84
 work toward equality, 777
Genitalia. See specific organs.
Germ cell tumours, 266, 338, 340, 569, 573-574, 

578, 601, 640, 685-687, 689
Glandular fever, 277, 279, 281. See also 

Mononucleosis, infectious.
Glans, 37, 206, 532, 541-551, 554-558, 560-563

Glanuloplasty, 542, 548-549
Glasgow Coma Scale, 165-167, 174, 191, 496, 

729
Glasgow Outcome Scale, 193, 496
Glioblastoma, 613, 640, 643
Glioma, brain-stem, 639-645, 732, 758
Glomerular filtration rate, 23-25, 55, 584, 738
Glucose, 11, 23-29, 32, 56, 71, 115, 193, 216-217, 

417-418, 623, 779
Goiter, 262-264, 266, 268, 603
Gonad. See Ovary, Testis
Gonadectomy, 574, 578, 589
Gonadoblastoma, 686, 687
Gonococcus, 502
Graft, skin. See Skin graft.
Granulomas, and lymphadenopathy, 241-243
Graves’ disease, 262, 264-265, 268. See also 

Hyperthyroidism.
Gyandroblastoma, 686

H
Haddon matrix, 160-161
Haemangioblastoma, 640, 660
Haemangioendothelioma, 619, 622, 627, 633, 657
 hepatic, 619, 725, 767
 infantile, 626
 Kaposi, 151, 243, 299-302, 342, 613, 619, 621-

623, 626, 630
Haemangioma, 336, 404. 501, 634, 657-659, 

725-726
 bone, 633, 634, 665
 congenital, 619, 725-726, 763
 craniofacial, 336
 laryngeal, 274-275, 278
 liver, 623-624, 628, 629
 neck, 234
 salivary gland, 254-256
 spinal cord, 644
 vascular, 660-661, 663, 665-667, 725
Haemangiopericytoma, 619, 621, 633
Haematogenous osteomyelitis, 135-140, 665, 712, 

721
Haematology, 50, 56
Haematomas
 cephalhaematoma, 228
 in craniocerebral trauma, 191-194
 intracranial, 190-192, 198
 on liver, 186
 in reconstructive surgery, 724-725
 scrotal, 364
 splenic, 501
 subdural, 192, 223
 on thoracic wall, 176
 ureteric, 526
Haematopoiesis, 499, 501
Haemoglobin, 34-38
 and carboxyhaemoglobin, 16
 disorders, 9, 34-38, 223
 foetal, 14-15, 56
 level, 14-15, 27-28, 56, 93, 349-350, 373, 488, 

490, 728, 760
 pathophysiology, 34
 and sickle cell disease, 56, 132, 138, 487-488
 in stool, 390
Haemoglobinopathies, 34-38. See also 

Haemoglobin, disorders; Sickle cell disease; 
Thalessaemia

Haemogram, 105, 109, 132, 191, 369, 586, 726
Haemolytic disease, 487, 488
Haemophilus, 120
Haemophilus influenza
 bacterial tracheitis, 281
 bone infection, 36
 epiglottitis, 280, 762

Haemophilus influenza (continued)
 pneumonia, 299
 postsplenectomy sepsis, 502
 rhinosinusitis, 758
 septic arthritis, 139
 sickle cell disease, 38
 splenectomy, 501, 502
Haemorrhoids, 465-466, 468
Haemostasis, 40, 45, 100, 193, 238, 251, 331, 

361-362, 432, 545, 555-557, 561-563, 629, 
725

Haemothorax, 50, 72, 173, 175-176, 181, 335
Haller index, 333-334
Hamartoma, 287, 339, 461-462, 501, 623-624, 

626-627, 629, 633-634, 649, 673, 725
Hashimoto’s disease, 262, 264, 266
Head injury, 190-198
 assessment of, 164-169, 184, 215
 causes of, 157-160, 180, 183, 215
 in child abuse, 184, 223-224, 226
 closed, 56, 193, 194
 complications of, 193-194, 372, 639
 and consciousness, 70
 due to falls, 158
 haemangiomas, 657-659
 lymphangiomas, 647-650
 management, 173-174, 176, 191-192
 transport-related, 157, 160
 tumours, 243-244, 254, 259, 607, 613-620, 

726, 759
Head size, 31, 55, 58-59, 172, 215, 229, 291, 640, 

695-696, 705, 747
Head tilt, 248-253, 311, 729
Headache, 104, 146, 194, 244, 524, 640, 643-644, 

699, 702, 732, 759
Health InterNetwork Access to Research 

Initiative, 780
Health services, planning for, 700
Hearing loss, 756-757
Heart
 Alagille syndrome, 473
 block, 333
 in conjoined twins, 751, 753
 defects, 277, 306, 598, 601, 673, 727, 748
 disease, 17, 20, 55-56, 69, 82, 289, 332, 336, 

381-382, 416, 473-474, 499
 displacement of, 181, 234, 333, 335
 failure, 17, 70, 299, 342, 501-502, 661, 761, 

767
 function, 17
 injuries, 182
 murmur, 139
 rate, 17-20, 22, 24, 26-27, 55, 58, 62, 70, 72, 

125, 173, 196
 rheumatic heart disease, 760, 763
 rhythm, 58, 70
 shadow, 70, 292
 sounds, 176-177, 182, 778
 trauma, 182
Helicobacter pylori, 372-373, 375, 389
Heller’s myotomy, 320-321
Hemicolectomy, 106, 117, 405
Hemihyperplasia, 664-665
Henoch-Schönlein purpura, 404, 463, 494, 590-

592
Hepatectomy, 485, 767-768, 772
Hepatic abscess, 96, 103, 124-126, 141-143, 353, 

627
Hepatic adenoma, 627
Hepatic amoebiasis, 142
Hepatic artery thrombosis, 769, 774, 775
Hepatic cirrhosis, 40, 42, 299, 342, 504, 506, 626
Hepatic cysts, 511, 627
Hepatic ducts, 478, 485
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Hepatic dysfunction, 472, 480
Hepatic embolisation, 626, 628
Hepatic failure, 476, 511, 766-767
Hepatic fibrosis, 472, 474, 483-485, 504
Hepatic function tests, 33, 96, 116, 118, 142, 201, 

477, 485, 503, 616, 623, 773
Hepatic injury, 180, 184-186, 229-230, 315, 741
Hepatic obstruction, 476
Hepatic resection, 627-629
Hepatic sarcoma, 626
Hepatic sequestration, 35-36
Hepatic tuberculosis, 113, 118
Hepatic veins, 503-506, 625, 628-629, 768-769
Hepaticoduodenostomy, 484, 485
Hepaticoenterostomy, 485
Hepaticojejunostomy, 484, 485, 753
Hepatobiliary system, conjoined twins, 751, 753
Hepatoblastoma, 462, 622-624, 628, 630, 767
Hepatocellular carcinoma, 243, 622-624, 626-627, 

630, 767
Hepatocellular dysfunction, 472, 477, 481, 766
Hepatosplenic tuberculosis, 113
Hepatosplenomegaly, 115, 139, 146, 244
Hernia, 182, 358-365
 abdominal, 350-351, 590-591, 747
 Bochdaleck, 291-293
 bowel, 291, 349, 414, 590
 of brain stem, 641
 of brain tissue, 758
 as cause of acute scrotum, 590-592
 diaphragmatic. See Diaphragmatic hernia.
 epigastric, 3
 external, 412
 femoral, 358, 360, 362-363, 365, 376
 groin. 358, 364-365
 heart, 182, 336
 hiatal, 291, 311-315, 339
 hindbrain symptoms, 700
 incarcerated, 355, 361-362, 364-365
 incisional, 3, 100, 294, 391, 409, 741
 inguinal, 3, 152, 358-362, 364, 365, 377, 499, 

529, 569, 590-591
 internal, 377, 385, 394, 412, 414, 478
 Littre’s, 361, 390
 liver, 293
 lung, 335
 Morgagni, 291-293, 338, 342, 601
 parastomal, 430-432, 457
 and peritonitis, 591
 rectal, 467
 recurrent, 315
 sac, 294, 570
 trocar, 741
 umbilical, 3, 124, 126, 265, 336, 348-349, 352, 

354-356, 393
Hirschsprung’s disease, 3, 47, 448-453, 491, 694-

695
 associated anomalies, 448
 and bladder outlet obstruction, 583, 585
 and colonic atresia, 437-438
 and enterocolitis, 416, 418, 453
 and gastrointestinal stoma, 429, 433, 457
 intestinal obstruction, 376-378
 and laparoscopic surgery, 741-742
 and meconium ileus, 402
 and short bowel syndrome, 424
 surgical procedures, 379, 451-453, 741
 and tuberculosis, 113
 and vitelline duct malformation, 390
History of paediatric surgery, 4
HIV, 151-153
 antiretroviral treatment, 78-79, 117, 151, 225-

226, 256
 and cholestasis, 472

HIV (continued)
 circumcision as a preventive measure, 77, 79
 confidentiality regarding, 79
 demographics, 71, 151, 783
 discrimination due to, 72, 79
 ethics related to, 78-79, 153, 599, 714, 742
 and health care workers, 48, 79, 151, 153
 informed consent, 78-79
 and Kaposi sarcoma, 299, 302, 619, 622, 626, 

630
 and laryngeal infection, 761
 and leiomyosarcoma, 618
 and liver tumours, 623, 626, 630
 and lung abscess, 304
 and lymphadenopathy, 240-243, 245, 247
 and lymphoma, 243, 339, 605-607, 759
 Millennium Development Goal, 777
 and neck sinuses, 239
 and necrotising enterocolitis, 416-417
 and necrotising fasciitis, 129, 132
 and otitis media, 756
 and pancreatisis, 494
 prevention by neonatal circumcision, 79
 and pyomyositis, 93, 120, 122
 and rectal fistula, 465-466, 468-469
 resources for control of, 3-4
 and rhinosinusitis, 758
 and salivary gland lesions, 254, 256-257
 and sexual assault, 225
 surgical risk, 78, 99-100, 152-153
 testing, 78-79, 153
 transmission of, 11, 151-153
 and transplantation, 767
 and tuberculosis, 111, 115, 117-119, 241,  

339
 and Wilms’ tumour, 599
Hodgkin’s disease, 243, 245, 264, 338, 605-606
Hopkins rod telescope
 in bronchoscopy, 272-274
 in laparoscopy, 441, 489, 739
Human immunodeficiency virus. See HIV.
Hydatid disease, 141, 147-148, 626
Hydrocele, 3, 358-365, 590, 592, 666, 673
Hydrocephalus, 193, 278, 513, 603, 639-644, 695-

699, 701, 704-706, 728, 761
Hydrometrocolpos, 582-583, 672-676
Hydrops, 289, 291, 398, 649, 747-748
 foetalis, 287, 342-343, 602-603, 623, 660-661, 

747 
 gallbladder, 488
 prenatal, 603
Hymen, 225, 673
 imperforate, 672-676, 682-683
Hyperaemia, 93, 130, 131, 214, 417, 504, 665, 

733
Hyperglycaemia, 11, 26, 28-29, 32, 218, 220, 495
Hyperkalaemia, 28, 58, 104, 196, 218, 369, 768
Hyperparathyroidism, 265, 267
Hyperplasia, 242, 288, 338, 424, 440, 463, 660, 

685
 congenital adrenal, 572, 574-575, 579
 epithelial, 146, 263
 focal nodular, 263, 503, 623-624, 626-627
 and lymphadenopathy, 240-243
 of the parathyroid gland, 267
 reactive, 241, 245
 of the thyroid gland, 263, 266-267
Hypertension
 due to distended bladder, 197
 intracranial, 190-191
 and neuroblastomas, 609-610
 portal, 126, 146, 353, 468, 472, 476, 479-480, 

484, 500, 503-507, 740, 766, 768
 with pregnancy, 746

Hypertension (continued)
 pulmonary, 9-10, 15, 291, 295, 297, 503, 746, 

761, 769
 relation to pain, 62, 64
 renal, 202, 511, 523, 526, 584, 598
 venous, 661-662
Hyperthyroidism, 262, 264-265, 266, 268, 728, 

731
Hypoglycaemia, 10-13, 26, 28-29, 56, 60, 70-71, 

220, 229, 349, 382, 767
Hypokalaemia, 28, 218, 369, 374, 412
Hyponatraemia, 23, 28, 197, 230, 369, 374
Hypopharynx, 236-237, 276, 327
Hypopituitarism, 194, 265
Hypoplasia
 biliary, 472-474
 breast, 335
 genital, 306, 543, 678, 748
 glandular, 255
 hemifacial, 248-252
 leg, 710
 Leydig cell, 573, 574
 lymphatic, 726, 732
 maxillary, 727
 Poland’s syndrome, 335
 pulmonary, 14, 291, 295, 335, 343, 584, 603, 

747, 749
 thoracic, 342
 urethral, 581, 582
 vascular malformations due to, 660
Hypoproteinaemia, 108, 214, 256, 343, 374, 602
Hypospadias, 359, 541-552, 555, 562, 569, 574, 

578, 598, 601, 696-697
Hyposplenism, 500
Hypotension
 cause of, 18, 104
 as cause of decreased consciousness, 70
 as cause of mucosal ischaemia, 416
 and dehydration, 26
 management, 173-174, 176, 202
 medication for, 21-22, 106
 with necrotising enterocolitis, 417 
 with necrotising fasciitis, 131
 and neurological injury, 191
 with omphalitis, 125
 orthostatic, 17, 21
 with pancreatitis, 495
 and renal function, 24
 with shock, 104, 173
 with sickle cell disease, 500
 as sign of pericardial tamponade, 182
 with spinal cord injury, 196
 in surgical situation, 28, 738
Hypothermia
 as cause of hypoglycaemia, 28
 as indication of sepsis, 20, 220, 353
 management, 174, 195, 209
 with necrotising fasciitis, 131
 neonatal, 10
 with omphalitis, 125
 with physical abuse, 223
 postoperative, 28
 prevention of, 187, 209, 349, 489, 768
 with shock, 20, 173
 with sickle cell disease, 38, 488
 in surgical situation, 27, 100, 662
Hypothyroidism, 262, 264-266, 376, 472, 473, 

477, 627
Hypovolaemia, 20-22, 28, 55, 59, 68, 70, 72, 173-

174, 209, 214, 218, 488, 738
Hypovolaemic shock, 19-22, 35, 69-70, 72-73, 

173, 192, 216, 378, 491
Hypoxaemia, 15, 20, 281
Hypoxia, 10, 15, 70, 174, 229
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Hypoxia (continued)
 acute, 193
 in burn injuries, 218, 220
 in foreign body inhalation, 273
 and nervous system, 16, 70
 renal function effect, 24-25
 risk of, 57, 59, 68, 72, 176, 191, 274, 291
 role in gastrointestinal duplications, 397
 role in sickle cell disease, 488, 500
 role in vocal cord paralysis, 761
 sodium level effect, 23
 tissue, 16, 28, 43
 in tracheomalacia, 283, 284
 and typhoid fever, 104, 105

I
Ileocaecal valve, 114-115, 379, 408, 413, 424
Ileosigmoid knotting, 412, 414, 415
Ileostomy, 31, 109, 116-117, 420, 429-430, 445, 

453, 773
Ileum, 376, 378, 389-391, 424
 in atresia, 385
 in cloacal exstrophy, 529
 closure of perforation, 106-107
 in gastrointestinal duplications, 397, 399
 in inflammatory bowel disease, 443-445
 intussusception, 404, 408
 in meconium ileus, 401-403
 in necrotising enterocolitis, 416-417, 420
 in tuberculosis, 112-115
 in typhoid fever, 104-106
Imaging. See Management entries for individual 

disabilities and diseases.
Immobilisation
 for fractures, 208-211, 212, 713
 after grafting, 219, 724
 in prehospital care, 172, 177, 195
 after osteotomy, 530-531
 after reconstructive surgery, 72
 with septic arthritis, 139
 for spinal cord injury, 67, 68, 72, 172, 174, 

176-178, 195, 196
 voluntary, 132
Immune function, neonates, 11
Immunisation, 3, 38, 72, 122, 501-502, 695, 697, 

714, 716, 721, 757, 762
 diphtheria, 281, 762
 hepatitis B, 622, 630
 influenza, 280, 281
 polio, 118, 721
 rotavirus, 404, 405
 tetanus, 132, 187, 712
Impetigo, 92, 135, 220, 225
Infantile hypertrophic pyloric stenosis, 368-371, 

742. See also Pyloric stenosis.
Infection
 anorectal, 187, 465-466, 468. See also Tetanus.
 auditory canal, 235, 240
 bacterial. See Bacterial infection.
 beta haemolytic streptococcus, 760, 763
 with biliary atresia, 476
 bladder, 532, 535, 582-584, 586-587
 with bronchoscopy, 275-276
 with burns, 215, 218-221
 cardiogenic shock, 21
 cat scratch disease, 242
 catheter, 220, 540
 central nervous system, 71, 705
 central venous line, 50-53, 96
 chest, 104, 229, 289, 292, 295, 335, 761
 and childhood mortality, 71-72
 circumcision, 554, 556-557
 cleft lip repair, 728
 deep incisional, 98

Infection (continued)
 with duplications, 518-522
 ear, 728, 756
 effect of penicillin, 38
 enteric, 427-428
 Epstein-Barr virus. See Epstein-Barr virus.
 evaluation of, 72
 fulminant, 93-95, 502, 712, 721
 fungal, 71, 241, 299, 756, 759, 769-771
 gastrointestinal tract, 111-112, 323
 gastro-oesophageal, 313, 315
 with haemangiomas, 657
 with haematogenous osteomyelitis, 135-140
 herpes, 257
 Hirschsprung’s disease, 451
 HIV. See HIV.
 with hydrometrocolpos, 674-675
 with hypospadias, 541, 551
 intracranial, 193
 kidney, 511, 514, 523-527
 labial, 682
 laryngeal, 761-762
 leg ulcer, 37
 liver, 622, 625, 630
 lung, 181, 287-290, 304
 lymph node, 240-247, 665
 with lymphangioma, 648-654
 with lymphoedema, 732
 malarial, 502
 management of, 72
 maternal, 8, 417
 miliary, 111
 mononucleosis, 243, 281
 musculoskeletal, 709, 712
 mycobacterial, 43, 115, 117-118, 242, 299, 300. 

See also specific mycobacteria.
 nasal, 240, 757
 near fractures, 210-211, 712-714
 neck, 234-238, 245
 neonatal, 11, 25
 noma, 730
 nosocomial, 94
 oesophageal injuries, 181
 with omphalitis, 124-127
 organ space, 98-99
 pancreatic, 494, 496
 parasitic, 71, 244, 664-667. See also Parasites.
 parotid, 257-259
 pelvic, 680
 peridontal, 241
 perineal, 225
 with peripheral cannulation, 49, 173
 pharyngeal, 760, 762
 with phimosis, 560-561
 pneumococcal, 186, 189, 740
 poliovirus, 717
 postoperative. See Postoperative infection.
 posttransplant, 769-775
 with pressure ulcers, 733-734
 prevention of, 210, 212, 219, 235, 256
 protozoal, 71, 96, 191
 pulmonary, 111-112, 182, 289, 299-302, 304, 

402, 629
 with pyomyositis, 93, 120-123
 respiratory tract. See Respiratory tract 

infection.
 rickettsial, 245
 salivary gland, 254-260
 scalp, 234, 240
 septic shock, 20
 sexually transmitted, 225, 591
 and shock, 72
 shunt, 702-706
 with sickle cell disease, 35-38

Infection (continued)
 with silos, 350
 sinus, 235
 skin, 92-94, 465
 soft tissue, 92-94, 209, 212, 255, 784. See also 

Nectrotising fasciitis.
 splenic, 186, 189, 230, 499-500, 502
 superficial incisional, 98
 surgical site, 3-4, 30, 98-101, 107, 409, 662, 

729, 784
 throat, 234, 240
 thyroglossal, 237-238
 thyroid gland, 264
 with tissue expanders, 725
 tonsils, 760
 trachea, 283-285
 tubercular, 112, 114, 115
 typhoid fever, 103-109
 umbilical, 124-127, 352-356
 upper respiratory tract, 279-280, 651, 758
 urinary tract. See Urinary tract infection.
 viral. See Viral infection.
 wound. See Wound infection.
Infecton, 115
Inflammation, 40-41, 45, 130. See also Infection.
Inflammatory bowel disease, 31, 95, 115, 443-

446, 463, 489
Inflammatory response syndrome, 68, 99
Information and communication technologies, 

780-781, 785
Information dissemination, 85-86
Informed consent, 77-78, 388, 555, 558, 705
 by patient, 79-80, 334, 577, 705
 in emergency operations, 79, 80
Infratentorial tumours, 639, 641
Inguinal hernia, 3, 152, 358-362, 364, 365, 377, 

499, 529, 569, 590-591
Injury scoring systems, 164-165, 167-169
Injury Severity Score (ISS), 164-165, 170
Injury, 157-161 
 agricultural, 159-161
 from assaults, 159
 birth, 190, 228-231
 bites, 159
 bladder, 203-204
 blunt, 184-187, 190, 200, 202, 204
 burn, 158-160, 214-221
 from child abuse, 222-226
 classification of, 157
 colon, 187-191
 control of, 157, 159, 161
 drowning, 159, 160
 epidemiology, 157-159
 from falls, 158, 160
 genital, 206. See also specific genital injuries.
 inhalational, 215-216
 intentional, 159
 kidney, 202-203
 musculoskeletal, 208-212
 penetrating, 192, 200
 poisoning, 159
 prevention, 157, 159-162
 scoring, 164-170
 scrotal, 206
 spinal cord, 18, 21, 43, 194-198, 229, 430
 transport-related, 157-158, 160, 200
 unintentional, 157-159
 ureteric, 203
 urethral, 204-205
 from violence, 159
 See also Trauma.
Inspissated bile syndrome, 472, 473, 477
Intensive care, 67-73
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Internet information transfer, 86, 734, 777, 779-
781, 785

Intersex. See Disorders of sexual development.
Intestinal evisceration, and omphalitis, 126
Intestinal function, normal, 31
Intestinal malrotation, 393-396, 418, 499
 with imperforate anus, 378-379
 See also Malrotation.
Intestinal obstruction, 11, 23, 47, 376-380, 384, 

412-415. 
 adhesive, 108, 315, 391, 415, 446
 with aerodigestive foreign bodies, 413-414
 with annular pancreas, 491-492
 with anorectal malformation, 377 
 with ascariasis, 142-143
 with Burkitt lymphoma, 606
 as cause of hypokalaemia, 28
 with colonic atresia, 437
 with Crohn’s disease, 446
 with duodenal obstruction, 378, 381
 emergency surgery for, 82, 117
 with gastrointestinal duplications, 398
 with gastro-oesophageal reflux disease, 311, 

315
 with herniation, 360, 362, 414
 with Hirschsprung’s disease, 376, 378-379, 

416, 448, 450-453
 with hydrometrocolpos, 672, 674
 with hypovolaemia, 55
 with inguinal hernia, 360, 362
 with intestinal atresia, 385-386
 due to intussusception, 389-390, 404-410
 with jejunoileal atresia, 376, 378-379, 381
 with lymphadenitis, 112
 with lymphangioma, 649
 with malrotation with volvulus, 378-379
 with Meckel’s diverticulum, 389
 with meconium ileus, 376, 377-379, 401-403
 omphalocele, 349
 with parasites, 142-143, 149, 414
 postoperative complication, 294, 296, 362, 

379-380, 391, 409, 598
 with radiotherapy, 617
 with sigmoid volvulus, 414
 with stoma, 431-433
 with tuberculosis, 111-113, 116-118
 due to vitelline duct anomaly, 390-391
 See also Bowel obstruction.
Intestinal perforation
 and Burkitt lymphoma, 606
 as cause of free air in peritoneal cavity, 185
 dehydration and, 26, 28
 with intestinal obstruction, 377
 as a lapbelt injury, 184
 and miliary tuberculosis, 112
 and necrotising fasciitis, 418-419
 and parasitic infestations, 143
 with pneumoperitoneum, 418
 and typhoid, 103-107, 109, 412
 in utero, 379
Intestinal transplantation, 427, 771-774
Intraabdominal abscess, 95, 115, 124-126, 360, 

390-391, 420, 441, 774
Intraabdominal adhesions, 689, 741
Intraabdominal bleeding, 184, 774
Intraabdominal compartment syndrome, 349, 351
Intraabdominal disease, 607, 611, 649, 652
Intraabdominal herniations, 31, 182, 362
Intraabdominal injury, 72, 176, 178, 181, 185-186, 

203-204, 742
Intraabdominal lymphadenopathy, 241-244 
Intraabdominal masses, 405, 472, 514, 539, 674
Intraabdominal oesophagus, 310-311, 314-315
Intraabdominal pressure, 310, 359, 361-362, 738

Intraabdominal tumours, 414, 462, 501, 607
Intraabdominal undescended testis, 569-571, 

578-579
Intracranial aneurysm, 194
Intracranial haematoma, 193
Intracranial infections, 193
Intracranial pressure, management of, 191-192
Intracranial trauma, due to birth method, 229
Intrahepatic bile ducts, 483-485, 487, 495, 626, 

766
Intrahepatic biliary abscess, 769
Intrahepatic biliary obstruction, 766
Intrahepatic cholestasis, 35, 427, 472, 474, 477, 

485, 486, 630, 766
Intrahepatic cysts, 483, 485
Intranasal encephaloceles, 758
Intraosseous infusion, 49, 173
Intraperitoneal abscess, and typhoid fever, 108
Intrapulmonary shunt, 10
Intravenous 
 access, 71-72
 amino acids, 32
 anaesthesia, 55-57, 64
 analgesics, 218
 antibacterial, 96
 antibiotics. See Intravenous antibiotics.
 anticoagulants, 53, 769
 anti-inflammatories, 275
 antimicrobials, 770
 access, 64, 72, 215
 cannula placement, 11-12, 20, 105, 173
 contrast-enhanced, 176, 185, 201, 440, 492
 corticosteroids, 479
 drug abuse, 120
 as cause of drug resistance, 118
 dynamic renography, 525
 endotoxins, 379
 fluids. See Intravenous fluids.
 haemangiomas, 623
 immunoglobulin, 132, 500, 774
 inguinal hernia, 361
 indwelling catheter, 139
 muscle relaxant, 361
 nutrition, 325, 472
 pain relief, 63-64 
 placement, 49, 53, 373
 pyelography, 610
 rib fracture, 180
 second line, 49
 sedative, 21, 56, 64, 180
 shock, 21
 technecium-99m, 477
 urography, 201, 230, 511, 519, 525, 566, 585-

586, 598, 679
 variceal bleeding, 504
 vasopressors, 21
Intravenous antibiotics, 21, 49-51, 53, 55, 697
 appendicitis, 441
 biliary atresia, 478
 bladder outlet obstruction, 586
 broad-spectrum, 93, 105, 301, 516, 520
 cholangitis, 484 
 empyema, 301
 haemangiomas, 623
 haematogenous osteomyelitis, 136, 139
 hypospadias, 546
 intracranial trauma, 193
 lung abscess, 304
 lymphadenopathy, 241
 necrotizing fasciitis, 132
 Nuss procedure, 334
 omphalitis, 353
 osteomyelitis, 667
 otitis externa, 756

Intravenous antibiotics (continued)
 pyomyositis, 122-123, 
 rhinosinusitis, 758
 spina bifida, 702-703
 thyroiditis, 264
 tonsillitis, 760
 transplantation, 769, 772
 typhoid fever, 105, 107, 
 ulcerative colitis, 445
 ureteropelvic junction stenosis, 516
 urinary tract infection, 520
Intravenous fluids, 10-12, 21-22, 47-48, 50, 56, 

739
 for ascariasis, 143
 with burns, 216
 crystalloid solutions, 27
 dextrose, 29, 32, 105
 excessive, 182
 for gastroschisis, 349
 glucose, 26, 56
 inflammatory bowel disease, 445
 intestinal obstruction, 412-414
 intussusception, 408
 mannitol, 71
 meconium ileus, 402
 necrotising enterocolitis, 418-419
 for omphalitis, 125-126
 for omphalocele, 349
 paralytic ileus, 197
 postoperative, 321
 potassium, 105
 preoperative, 395
 short bowel syndrome, 426-427
 sodium bicarbonate, 21
 in transplantations, 771
 typhoid fever, 105, 108
 warming, 174
Intubation, orotracheal, 58
Intussusception, 114, 142-143, 353, 376, 388-390, 

404-410
Ischaemia, 17, 34, 440, 472-476, 584
 appendix, 440
 bowel, 36, 376, 379-380, 390, 394-395, 404-

405, 416, 427, 437
 cellular, 22
 central nervous system, 18
 cerebral, 26, 190, 192, 639
 glanular, 554, 556
 intestinal, 127, 385-386, 388, 390, 395, 406-

407, 416, 417, 747
 mucosal, 283, 372, 404, 416
 renal, 584
 stomal, 430-432
 testicular, 360, 590
 tissue, 28, 43, 524
 in transplantation, 767, 769, 772
 umbilical cord, 124
 Volkmann’s, 131, 211
Ischaemic colitis, 35, 443
Ischaemic priapism, 37

J
Jaundice, 9, 472-474
 in biliary atresia, 476-477, 480-481
 cholestatic, 474, 476, 484, 490
 in cystic fibrosis, 759
 in haemolytic disease, 488, 490
 in hypothyroidism, 265
 in liver abscess, 96
 with liver tumours, 623
 obstructive, 472-474, 483-484, 503, 626
 in omphalitis, 125
 in parasitic infestation, 146, 148
 in pyloric stenosis, 369
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Jaundice (continued)
 in sickle cell disease, 55
 in spherocytosis, 500
 in transplantation, 766, 770
 in tuberculosis, 118
 in typhoid fever, 104
Jejunoileal atresia, 376, 378-379, 394
Jejunostomy, 312-313, 325, 327, 429, 484
Jejunum, 112-113, 325, 327, 376, 385-386, 394-

395, 397, 399, 424, 426, 480, 485, 487
Jeune’s syndrome, 335-336

K
Kaposi sarcoma, 151, 243, 299-302, 342, 613, 

619, 621-623, 626, 630
Kaposiform haemangioendothelioma, 623, 660, 

665, 725, 
Kasabach-Merritt syndrome, 623, 657, 660, 725-

726
Kasai Roux-en-Y portoenterostomy, 476-481, 740
Keloids, 40, 42, 215, 220
Ketamine, for pain control, 22, 56-57, 60, 64, 106, 

138, 218, 360
Kidney
 in Alagille syndrome, 474
 autosomal polycystic diseases, 510-512
 birth trauma effects on, 229-230
 in conjoined twins, 753
 cystic diseases, 510-512, 518, 538, 627, 673
 duplex, 518-519, 583
 dysplastic, 524
 function of, 18, 23, 25, 58-59, 202-203, 206, 

539, 584
 and hypospadias, 544
 multicystic dysplastic, 510-512, 518, 673
 multicystic, 202, 510-512, 627, 749
 stones, 566
 transplantation, 766, 767, 772
 trauma, 202-203
 tumours, 597-600
 and urethral valves, 539
 and uretopelvic junction stenosis, 513-516
 and vesicouretic reflux, 524-526
 See also Renal entries.
Kikuchi-Fujimoto disease, 244
Klebsiella
 and burn wounds, 218
 and necrotising fasciitis, 93
 and omphalitis, 124
 and otitis media, 756
 and pulmonary abscess, 304
 and pyomyositis, 120
 and urinary tract infection, 565
Klinefelter syndrome, 573, 601
Klippel-Feil syndrome, 249-250
Klippel-Trenaunay syndrome, 648, 660-661,  

665
Kyphoscoliosis, 644, 719

L
Labia, 541
 examination of, 576, 674, 682
 hypertrophy, 266
 injury to, 206
Labial adhesion, 529-530, 674, 682-683
Labial agglutination, 682-683
Labial bulge, with hernia, 359
Ladd’s bands, 381, 394-396
Ladd’s procedure, 294, 379, 395-396, 740-741
Laparoscopic drainage of hydatid cysts, 148
Laparoscopic fundoplication, 315-316, 741
Laparoscopic repair of perforated ulcer, 374
Laparoscopic retrieval of ingested foreign body, 

331

Laparoscopy, 738-743
 achalasia, 321
 advantages of, 38, 489, 742
 with Anderson-Hynes technique, 515
 in antireflux surgery, 315, 320
 for appendicitis, 440-442, 739-740, 743
 in biliary atresia, 477
 cholecystectomy, 473, 489-490, 740
 for choledochal cyst excision, 485
 complications with, 741-742
 in congenital diaphragmatic hernia repair, 294
 in diagnostic evaluation of suspected 

intraabdominal organ injury, 185
 in disorders of sex development, 577-578
 for duodenal obstruction, 382
 equipment for, 739
 ethical issues, 742
 for gastrointestinal duplications, 398-399
 gastronomy, 325
 gastrostomy, 429
 for hernia, 362-365
 in Hirschsprung’s surgery, 451-452, 741
 for inflammatory bowel disease, 445
 for intussusception, 409
 Ladd’s procedure, 740-741
 in liver biopsy, 504
 for liver cysts, 626-628
 malrotation, 740-741
 oesophagomyotomy, 320
 for ovarian lesions, 689
 with ovarian teratoma, 602
 with Palomo’s operation, 592
 physiological changes due to, 738-739
 pyloric stenosis, 370
 pyloromyotomy, 740
 for resection of Meckel’s diverticulum, 391
 splenectomy, 501, 502, 740
 thoracoscopy, 740
 in treatment of bladder outlet obstruction, 587
 in tuberculosis identification, 115
 in undescended testis exploration, 570-571
 for uterine anomaly, 679-680
 for vitelline remnants, 391
Laparotomy, 113, 185, 419
 in abdominal trauma, 176, 178, 181-182, 184, 

185-188, 189, 190, 200
 with adrenal gland biopsy, 230
 for anastomotic leakage, 108
 for anterior rectal duplications, 399
 assisted retrieval of ingested foreign body, 331
 for bezoans/foreign bodies, 412, 414
 for bladder trauma, 204
 with bowel surgery, 419-420, 431
 for complications of gastrointestinal stomas, 

431
 to diagnose tuberculosis, 113, 115-116
 for diagnostic peritoneal lavage, 184
 for diaphragmatic injuries, 182
 for disorders of sex development, 576-578
 for duodenal obstruction, 382, 492
 for external compression, 412
 for gallbladder, 107
 in gastrojejunostomy, 313
 for Hirschsprung’s disease, 379
 for hydrocolpos perforation, 675
 for ileosigmoid knotting, 412, 414, 415
 for internal herniation, 412
 for intestinal malrotation, 395
 for intestinal obstruction, 108, 391, 413-415
 in intraabdominal trauma, 204
 in intravenous urography, 201
 for intussusception, 406-407, 409
 in Ladd’s procedure, 395
 for liver cysts, 628

Laparotomy (continued)
 for liver tumours, 629
 in lymphoma, 607
 with malrotation, 395
 in meconium ileus, 379
 for necrotising enterocolitis, 419-421
 for necrotising fasciitis, 130
 for parasites, 412, 414
 for perforation identification, 108
 for peritoneal adhesions, 412
 for peritonitis, 107-108, 126-127, 379, 703
 for polyp removal, 461
 and postoperative adhesions, 412
 versus primary peritoneal drainage, 419
 for pyocolpos or hydrocolpos, 675
 for rectal bleeding, 390
 for rectal duplications, 399
 for renal trauma, 202
 for sigmoid volvulus, 412, 414, 415
 in transplantation, 767
 for vitelline remnants, 391
 for volvulus, 382, 395
Laryngeal abnormalities, 760-761
Laryngeal atresia, 288
Laryngeal cleft, 273, 278, 284
Laryngeal collapse, 273
Laryngeal cyst, 273
Laryngeal disease, 242
Laryngeal dislocation, 195
Laryngeal infection, 761-762
Laryngeal lesions, 760
Laryngeal mask airway, 57-58, 67, 251, 284
Laryngeal nerve, 236, 267, 278, 653-654
Laryngeal occlusion, 255
Laryngeal oedema, 93, 273, 653
Laryngeal papillamatosis, 762
Laryngeal spasm, 362
Laryngeal trauma, 274, 276, 762
Laryngeal web, 278, 763
Laryngomalacia, 273, 278, 284, 760-761
Laryngopharyngeal reflux disease, 760
Laryngoscope, 57-58, 272-275, 276, 280
Laryngoscopy, 58, 272-274, 278, 761-762, 763
Laryngospasm, 59-60
Laryngotracheobronchitis, 279, 280, 761-762
Larynx, 58, 67, 172, 234, 236-237, 239, 287, 615, 

760-763. See also Laryngeal entries.
Le Forte osteotomy, 728
Leiomyosarcoma, 618
Ligament of Treitz, 382, 394, 413, 478, 480
Lingual thyroid, 263, 272
Lipoblastoma, 338, 619, 665
Lipofibromatosis, 666
Lipomeningocele, 700
Liposarcoma, 614, 616, 619, 621
Littre’s hernia, 361, 390
Liver, 9, 58-59, 184, 487, 504, 622-630 
 and abdominal wall defects, 348
 abscess, 96, 103, 124-126, 141-143, 353, 627
 and biliary atresia, 476-481, 766-767
 and biliary hypoplasia, 473-474
 biopsy, 473-474, 477, 483, 504, 506, 626, 689
 birth trauma, 229-231
 cholestatic disorders of, 472-474, 476-477, 

766-767
 cirrhosis, 40, 42, 299, 342, 504, 506, 626
 conjoined twins, 751, 753
 cysts, 511, 627
 disease, 35, 115, 141, 473, 481, 503-506, 512, 

626-627, 766-767, 775
 enlarged, 35, 610
 failure, 20, 24, 427, 442, 472, 476, 480, 506, 

511, 766-767
 fibrosis, 472, 474, 483-485, 504
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Liver (continued)
 function tests, 33, 96, 116, 118, 142, 201, 477, 

485, 503, 616, 623, 773
 and Gaucher’s disease, 501
 and glandular fever, 281
 and glucose, 26
 herniated, 293
 injury, 180, 184-186, 229-230, 315, 741
 parasitic infestations, 145-148
 resection, 627-629
 transaminases, 35
 transplantation, 380, 427, 476, 479-480, 485, 

504-507, 619, 625-626, 725, 766-772, 775
 tumour, 47, 597, 603, 610, 619-620, 622-630, 

641, 649, 767
 See also Hepatic entries.
Lung, 14-16
 abscess, 304-305
 auscultation of, 58-59, 173, 176
 bacilli in, 111-112
 bronchogenic cysts, 238, 289
 chronic sepsis, 319
 collapse, 181, 279, 300
 congenital lesions, 287-290
 cystic lesions, 287-290, 292, 747-748
 disease, 68-69, 295
 empyema, 299-301, 740
 expansion, 9-10, 14, 294, 301, 336, 343
 and Gaucher’s disease, 501
 hypoplasia, 343
 injury to, 52, 69, 72, 73, 180-181, 340
 metastases, 606, 618-620, 624-625
 parasites in, 143, 145, 147-148
 parenchyma, 181, 289, 300, 304, 701
 physiology, 9-10, 14-16, 18, 68-69
 and pyomyositis, 122
 and sickle cell disease, 38
 and tuberculosis, 111-113, 116
 tumours, 597, 606, 618-620
 ventilator-associated injury, 69, 216
 See also Pulmonary entries.
Lymphadenitis, 92, 96, 112, 240-247, 304, 362
Lymphadenopathy, 240-247
 with congenital lobar emphysema, 289
 with Crohn’s disease, 444
 with glandular fever, 281
 with Kaposi sarcoma, 619
 with ovarian lesions, 687
 posttransplantation, 771
 with synovial sarcoma, 618
 with tuberculosis, 112, 114, 117, 118, 241-242, 

247, 339
 with unilateral limb enlargement, 666
Lymphangiography, 343, 732
Lymphangiomas, 238, 256, 288, 338, 342, 360, 

362, 633, 648-654, 726
Lymphoedema, 342, 648, 664-667, 726, 732
Lymphoma, 605-608 
 brain, 639
 as cause of neck lumps, 234-235
 and chylothorax, 342
 and intussusception, 404
 with lymphadenopathy, 240, 243-246
 mediastinal masses, 338-341
 spleen, 501
 stertor, 277
 symptoms similar to other diseases, 114-115, 

152, 244, 637, 771
 WHO classification, 640
 See also Burkitt lymphoma, Hodgkin’s disease, 

Non-Hodgkin’s lymphoma.
Lymphoproliferative disorder, 243-244, 372, 769-

770, 773-774
Lymphoscintigraphy, 343, 667

M
Maffucci syndrome, 634, 648, 660, 685
Magnetic resonance imaging. See MRI.
MAGPI technique, 542, 547-548
Malnutrition, 71, 97
 and achalasia, 319
 and annular pancreas, 491
 and associated infection, 211, 362, 583, 712
 and burns, 220
 and chylothorax, 343
 and hernias, 355, 432
 in Hirschsprung’s disease, 448
 and inflammatory bowel disease, 444
 and liver disease, 476, 479, 766-767, 775
 and malrotation, 394
 management of, 31-32, 94
 and necrotising fasciitis, 129, 131, 133 
 neonatal, 10, 376-377, 380
 and noma, 730
 and otitis media, 756, 763
 and parasitic infestations, 141-142
 pathophysiology, 30-31
 and typhoid fever, 107, 109
 and tuberculosis, 113, 117
 and wound healing, 211, 362, 714
Malrotation, 311-312, 349, 351, 381-385, 387, 

390, 476, 499
 bowel, 437
 intestinal, 393-396, 418, 499
 Ladd’s procedure, 294, 379, 395-396, 740-741
 with volvulus, 311, 376-379, 386, 393-396, 418
Mannitol, 171, 174, 192, 641
Mantoux test, 113, 114, 117, 242, 245-246, 339
Marjolin’s ulcer, 220, 667, 733
Masks, for airway maintenance, 57-58
Mathieu technique, 548-549
McCusick-Kaufman syndrome, 673
Measles, 243, 245, 254, 494, 667, 757
Meatal amputation, 206
Meatal anomaly, 529-530
Meatal stenosis, 546, 551, 557, 560-563, 565
Meatal ulceration, 554
Meatoglanuloplasty, 542, 546
Meatus, urethral, 177, 201, 205, 528-529, 541-

552, 555, 562
Meconium ileus, 376-379, 386, 388, 401-403, 

412. See also Cystic fibrosis.
Mediastinal abscess, 241, 327
Mediastinal compression, 284
Mediastinal inflammation, 342
Mediastinal injury, 72, 180
Mediastinal lesion, 339-340
Mediastinal lymphadenopathy, 242, 244, 338
Mediastinal lymphangioma, 649-650
Mediastinal mass, 112, 283, 284, 289, 338-341, 

605-606, 610-611, 740
Mediastinal nodes, 111, 112, 244-245, 247
Mediastinal shift, 291-292, 294, 336, 343, 739, 

747
Mediastinal teratoma, 601, 603
Mediastinal tuberculosis lymphadenitis, 112
Mediastinal tumour, 238, 340, 607, 609, 741
Medulloblastoma, 639-642
Megacolon, 142, 376, 445, 448-451
Meleney’s gangrene, 93-94, 129
Meningitis, 70, 93, 96, 112, 117-118, 190, 193, 

339, 399, 699, 705, 757
Meningocele,  582-583, 700
Meningococcaemia, 225
Meningococcus, 38,  501, 502, 757
Microcolon, 376, 378, 402
Microlaryngoscopy, 278, 761, 763
Microsurgery, 641, 734

Microtia, 756-757
Micturating cystourethrogram, 511, 519, 524-525, 

539, 583-587, 592, 704
Minimal access surgery, 211, 412, 738-743. See 

also Minimally invasive surgery.
Minimally invasive surgery, 308, 415, 521, 567, 

742. See also Minimal access surgery.
Molestation, injury from, 159
Mononucleosis, infectious, 241, 243-245, 281, 

760, 770. See also Glandular fever.
Morgagni hernia, 291-293, 338, 601
Morphine, 21, 63-64, 71, 174, 177, 180, 335
MRI, 176, 616, 695, 738
 for arteriovenous malformations, 661-662
 for avascular necrosis, 36
 for birth injuries, 229
 for bladder outlet obstruction, 584-586
 for bone tumours, 633-634, 636
 for brain and spinal cord tumours, 640-645
 for cervical teratomas, 603
 for congenital diaphragmatic hernia, 291
 in conjoined twins, 750-751, 73
 for detecting foreign bodies, 329, 331
 for gastrointestinal duplications, 398
 for haemangiomas, 658
 for hydrocephalus, 193
 for intracranial trauma, 191, 193, 195, 229
 for intussusception, 407
 for kidney evaluation, 511, 598
 of liver masses, 504, 623-624, 628
 for lymphangioma, 650-652
 for lymphoma, 606
 for mediastinal masses, 339
 for nasopharyngeal carcinoma, 758-759
 for necrotising enterocolitis, 418
 for necrotising fasciitis, 131
 for neuroblastoma, 610-611
 for osteomyelitis, 36, 136
 for ovarian lesions, 687
 for pancreas, evaluation, 492
 for parasitic infestations, 142
 prenatal, 291, 650, 674, 746-749
 for pyomyositis, 121
 in reconstructive surgery, 726
 for reproductive tract anomalies, 679-680
 for rhabdomyosarcoma, 615
 for sacrococcygeal teratoma, 748
 for salivary gland diseases, 255-256, 258-259
 for sex development evaluation, 576
 for spina bifida, 701
 for synovial sarcoma, 618
 for thyroid gland, 262
 for tracheomalacia, 284
 for transverse septum, 674
 for traumatic head injury, 191, 193, 195
 for unilateral limb enlargement, 666-667
 for ureteric junction stenosis, 514-515
 for urethral evaluation, 538
Mucocele, 254, 257
Mucor, 756, 771
Müllerian duct anomaly, 678-679, 681
Müllerian structures, 544, 569-570, 573-574, 576, 

590
Mumps, 245, 254, 256, 494, 667, 757
Muscle relaxants, 22, 55, 57-58, 71-72, 284, 458, 

489, 587
Musculoskeletal deformities, 249, 681, 704, 710, 

753-754
Musculoskeletal examination, 177, 184, 706
Musculoskeletal injury, 208-212, 223-224, 709-

710, 716
Myelogram, 196
Mycobacterial infection, 43, 115, 117-118, 242, 

299, 300. See also specific Mycobacteria.
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Mycobacterium avium, 111
Mycobacterium bovis, 111, 112, 246
Mycobacterium tuberculosis, 95, 96, 111-114, 

117-118, 240-241, 246, 247, 665
Mycobacterium sp., 120
Mycoplasma pneumoniae, 299
Myelomeningocele, 26, 28, 467, 529, 601-602, 

694, 699-700, 702, 705, 710, 761
Myiasis, 141, 146-147
Myocardial contusion, 182
Myths, 33, 152, 697. See also Cultural factors.

N
Narcotics, 22, 56, 59, 218, 567, 703, 771
Nasopharyngeal angiofibroma, 726, 759
Nasopharyngeal carcinoma, 243, 759
Nasopharynx, 68, 272, 615-616, 651, 726, 729, 

758-760
Neck, 234-239, 248-253
 branchial arches, 234-237, 239
 bronchogenic cysts, 238
 and Burkitt lymphoma, 759
 and burn injuries, 177, 215, 217, 219
 carbuncles, 93
 cold abscess, 95-96
 cysts, 235-239
 embryology, 234-237, 239
 with fibrous dysplasia, 731
 fistulas, 234, 236, 239
 furuncles, 92
 glands, 281
 haemangiomas, 657-659, 726-727
 incisions for surgery, 307-308, 326
 lumps in, 234, 239
 and lymphadenopathy, 240, 243-246
 lymphagiomas, 238, 648-654
 masses in, 234-235, 238, 242, 262, 266, 273, 

603, 759
 midline cervical clefts, 237
 and necrotising fasciitis, 129
 and salivary gland diseases, 257-259
 and Sandifer’s syndrome, 311
 sinuses, 234-239
 thyroglossal cysts, 237-239
 and thyroid gland, 262-263, 266-267
 in trauma scores, 165-169
 tumours, 237, 437, 601, 607, 609, 613-620
Necrotising enterocolitis, 31, 95, 125, 416-421, 

424, 427, 473, 487, 490, 751-752
Necrotising fasciitis, 93-94, 129-133
 debridement, 126, 129, 132-133, 353
 following circumcision, 556
 Meleney’s gangrene, 94
 and omphalitis, 124-127, 353
 at surgical site, 100
Neisseria, 120
Neonatal intensive care unit, 5, 25, 308, 312, 349, 

380
Neonates, 8-13
 acute scrotum, 590-592
 airway management, 57-58, 277, 311
 anaesthetics, 55, 59
 anorectal malformations, 455
 biliary atresia, 476-481
 bilirubin, 487
 birth injuries, 190, 228-231
 bladder exstrophy, 528-530, 536
 bladder outlet obstruction, 584, 586
 bleeding tendency, 484
 and blood transfusions, 27, 132
 bowel obstruction, 385, 401. See also 

Meconium ileus.
 and bradycardia, 28, 311
 cardiac output, 18, 22

Neonates (continued)
 cardiovascular function, 9-10, 55, 60, 70
 chest wall deformity, 335-336
 choledochal cyst, 484-486
 cholestasis, 472-474, 476, 481, 766
 chylothorax, 343 
 circumcision, 78-79, 554-556
 classification of, 8, 9
 clinical evaluation, 10
 clubfoot, 704, 710
 congenital diaphragmatic hernia, 291-293
 congenital goiter, 263, 266
 cystic kidney disease, 510-512
 cystic fibrosis, 401-403
 diaphragmatic eventration, 295
 disorders of sex development, 576
 epispadias, 528
 fluids and electrolyte management, 23-29
 gastroschisis, 349
 hepatitis, 477, 481, 766
 and Hirschsprung’s disease, 449-452
 and HIV/AIDS, 152-153 
 hydrocele, 363
 hydrocephalus, 704-706
 hydrometrocolpos, 672-676
 hyperglycaemia, 11, 60
 hypoglycaemia, 11, 60
 hypothermia, 28, 131
 hypothyroidism, 265
 immune function, 11
 inguinal hernia, 360
 intestinal obstruction, 47, 376-380, 381, 384, 

386, 437, 450, 491-492
 intussusception, 410
 jaundice, 472, 476-477, 481, 484
 laryngomalacia, 278
 liver disease, 473, 487,  766-767
 liver transplantation, 480
 liver tumours, 623, 628
 lung disease, 295
 lymphadenopathy, 243-244
 lymphangioma, 651, 653
 malrotation, 394-396
 mechanical ventilation, 69
 meconium ileus, 401-403
 meconium plug, 451
 meningitis, 699, 705
 minimal access surgery, 739
 necrotising enterocolitis, 416, 420
 necrotising fasciitis, 131-132
 nutrition, 10-11, 30-31, 56, 420
 and omphalitis, 124-127, 352-353
 omphalocele, 349
 ovarian lesions, 686, 688
 pain control, 62-63
 palpable abdominal mass, 511, 517
 peptic ulcer disease, 372
 peripheral vascular access sites, 47-48
 peritonitis, 433
 physiology, 8-11, 13, 14-16, 23-24, 60, 385, 

761
 predictable problems, 9
 pull-through, 451
 renal function, 23-25, 55
 respiratory function, 10, 55, 57, 60
 screening programmes, 265
 sepsis, 705 
 septic shock, 73
 short bowel syndrome, 424, 427
 subglottic stenosis, 278, 762
 surgical site infection, 99
 temperature regulation, 55-56
 tetanus, 353
 torsion of the testis, 590, 592

Neonates (continued)
 tracheostomy, 651
 transportation of, 5, 11-12, 784
 tumours, 601-604, 609, 614, 639, 748
 ventilation, 311
 vital signs, 173
 wound healing, 44
Nephroblastoma, 597, 610
Neuroblastoma, 230, 243, 339-340, 342, 582-583, 

609-612, 616, 634, 640, 641
Neurodisability, 420, 699-706
Neurofibroma, 254, 259-260, 339, 390, 640, 644, 

665-666
Neurofibromatosis, 448, 583, 584, 614, 618, 620, 

642, 665, 731-732
Neurofibrosarcoma, 618-619
Neurogenic bladder dysfunction, 582, 584, 586, 

704-705
Neurogenic shock, 19, 21
Neurogenic tumours, 339, 618, 665
Neurologic abnormality, 14, 70-71, 165, 228, 747
Neurologic deficit, 192, 195-196, 228-229, 295, 

304, 310, 639, 641-642, 644-645, 700, 704, 
715, 729

Neurologic examination, 165, 172, 174, 176-177, 
191, 197, 215, 710, 717, 729

Neurologic impairment, 310-317, 329, 709, 717
Neurologic injury, 25, 190-191, 228-229, 231, 

662, 767
Neurosurgical procedures, 26, 71, 192, 753, 758-

759
Neutrophils, 11, 41-43, 95, 100, 105, 121, 124, 

141, 241, 300, 352, 416, 420, 440
Noma, 129-130, 730-731
Noma vulva, 93-94
Non-Hodgkin’s lymphoma, 243, 338, 605, 608, 

759
Nonossifying fibroma, 633, 635
Noonan syndrome, 264, 342, 343, 649
Nose, 756-760, 763
 and airway obstruction, 277, 727-728
 Alagille syndrome, 474
 and cleft lip and palate, 728
 and face mask fitting, 57, 68
 flattened, as sign of renal function issues, 24
 haemangiomas, 657-658
 infections, 93, 240
 and necrotising fasciitis, 132
 and reconstructive surgery, 728-731
Nosocomial infections, 94, 99
NPO guidelines, 26-27, 55-56, 60, 293, 773-774
Nucleic acid technique of tuberculosis testing, 114
Nuss procedure, 4, 334-335, 337
Nutrition, 30-33
 deficiency, 56, 68, 92, 97, 100, 113, 120, 293, 

304, 343, 641, 699, 704, 712, 756
 deficit, 321, 424-427, 694-695
 deprivation, 31-32, 222
 enteral. See Enteral nutrition.
 ethical issues related to, 32, 33, 388, 427
 with intestinal transplantation, 771
 intravenous, 325
 jejunal, 496
 maternal, 754
 neonatal, 10-11
 in omphalocele and gastroschisis, 349
 parenteral. See Parenteral nutrition.
 postoperative needs, 387, 395, 479, 697
 pretransplant, 767, 775
 role in wound healing, 43-44, 362, 714
 status, 30-33, 72, 99, 200, 302, 320, 350, 457, 

468, 599, 771
 support, 30-33, 47, 72, 122, 132, 217, 628, 766
 total parenteral. See Total parenteral nutrition.
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Nutrition (continued)
 use of gastrostomy, 651
 vascular access for, 47
 venous access for, 50
Nutritional drain, due to parasitic infestations, 

142-143
Nutritional myths, for pregnant women, 33
Nutritional outcomes, monitoring of, 32
Nutritional pancreatitis, 494
Nutritional rehabilitation, 730, 733
Nutritional rickets, 709, 718-719, 721

O
Oesophageal atresia, 5, 72, 276, 283, 285, 286, 

306-311, 329, 342, 390, 491, 741, 748
Oesophagitis, 310-311
Oesophagogastroduodenoscopy, 312, 373, 375, 

382, 462
Oesophagmyotomy, 320-321, 740
Oesophagoscope, 275, 276, 330
Oesophagoscopy, 272, 273, 275-276, 330
Oesophagus
 achalasia, 319-321
 Barrett’s oesophagus, 311-313, 315-316
 and broncho-oesophageal fistula, 273
 and bronchopulmonary malformations, 289
 carcinoma, 319, 327, 429
 and corrosive ingestion, 323-325
 dilatation, 275-276, 312-313, 319, 320, 325, 

504-505, 741
 duplications, 397-398
 embryology, 287, 291, 306
 foreign object in, 275, 278, 329-331, 413
 infections of, 299
 injury, 181, 230, 323-325
 and parasitic infestation, 143
 perforation, 299, 315, 320-321, 323-328
 physiology, 310, 319
 and pneumothorax, 181
 reconstruction of, 325-328
 reflux, 368
 replacement of, 323, 325-328
 and tracheomalacia, 283-285
 and tracheo-oesophageal fistula, 284-286, 306-

307, 491, 741, 748
 and tuberculosis, 112, 113
 See also Gastro-oesophageal reflux disease, 

Oesophageal atresia.
Omphalitis, 93, 124-127, 352-353, 356
Omphalocele, 348-352, 356, 359, 390, 393, 603, 

751
Omphalomesenteric duct, 352-354, 356, 376, 

389-390
Omphalomesenteric fistula, 353, 389
Omphalopagus twins, 750-752
Open fractures, 208-212, 709, 712-714, 720, 721
Opioids, 57, 59, 64, 71, 332
Orchiopexy, 569-571
Orogenital sinus anomalies, 582-583, 673, 753
Oropharynx, 16, 172, 235, 241, 323, 398, 615, 

760, 763
Orthopaedic diseases, 709-721. See also specific 

diseases.
Ossicular malformations, 757
Osteoblastoma, 633-635, 665
Osteochondro dystrophy, 335
Osteochondroma, 633-635, 638, 660, 665
Osteofibrous dysplasia, 633
Osteogenic sarcoma, 614
Osteogenic bone tumours, 633
Osteolysis, 634, 635, 640, 666
Osteoma, 463, 633-636, 665
Osteomyelitis, 49-50, 135-140, 535, 633-634, 

636-637, 666-667

Osteomyelitis (continued)
 acute, 36, 121-122, 136, 665-666
 causes, 173, 210-211
 chronic, 36, 135-137, 139-140, 709, 713
 classification, 136
 diagnosis of, 36
 haematogenous, 135-140, 665, 712, 721
 and limb enlargement, 665-667
 management, 36
 and necrotising fasciitis, 131
 pathology, 135
 posttraumatic, 712-714
 prevention of, 712-714, 721, 733
 and pyomyositis, 121-122
 septic, 139-140
 treatment of, 136-138, 667
 tubercular, 116
 and typhoid fever, 103-104, 107
 vertebral, 250
Osteonecrosis, 36
Osteopaenia, 36, 224, 625
Osteoporosis, 574
Osteosarcoma, 613, 633-637, 665, 731
Osteotomy, 332, 530-531, 535, 536, 717, 719, 

728, 752-754
Ostomy, 30, 379, 419, 430-433, 773. See also 

Stoma.
Otitis externa, 756
Otitis media, 139, 756, 759, 763
Otorhinolaryngology, 756-763
Ovarian cancer, 685-688
Ovarian cyst, 484, 649, 685-691
Ovarian disorder, 573, 576
Ovarian lesions, 685-691
Ovarian remnant syndrome, 689
Ovarian tumour, 243, 462, 601-602, 685-691
Ovary, 358, 360-362, 574, 672, 678
Oxygen, 
 administration of, 12, 59, 67-69, 73, 105, 195, 

641
 affinity for, 14-15, 56
 concentration, 9-10, 16, 68, 105, 173
 consumption, 9, 55, 57, 214
 delivery, 19-22, 44, 55, 68-69
 demand, 20, 68, 214
 hyperbaric, 132, 212, 215
 masks, 68, 173, 280
 requirements, 10, 24, 57, 68-69, 277, 293
 saturation, 21, 37, 55, 59, 173, 293, 495
 supplemental, 10, 16, 20, 56, 68, 172-173, 176, 

284, 301, 651
 therapy, 15, 69, 93, 194
 in transplantation, 767-768, 773
 uptake, 14
Oxygenation, 15, 28, 38, 68-72, 93, 194, 274, 

649, 767
 cerebral, 192
 extracorporeal membrane, 293-295
 index, 293
 maintenance, 21
 in primary survey, 172, 177
 in thoracic trauma, 181

P
Paediatric (Adelaide) Scale, 192
Paediatric Advanced Life Support, 173
Paediatric Trauma Score (PTS), 167, 168, 170
Pain, 61-65
 with abdominal trauma, 184, 186-187
 with achalasia, 319
 anaesthesia relief, 59-60, 64, 361, 467, 555, 

558
 analgesia relief, 10, 37-38, 59, 63-64, 71-72, 

174, 176, 180, 256, 466-467, 532, 555

Pain (continued)
 with anorectal conditions, 465-467
 with appendicitis, 104, 440
 with arteriovenous malformations, 661
 with bone tumours, 634-636
 with burns, 177, 215, 218, 697
 chest, 112, 300, 304, 323, 328, 332-333
 with chest wall deformities, 332-333, 335
 with child abuse, 225
 with choledochal cyst, 483-484, 488
 with clubfeet, 710-711
 control, postoperative, 38, 467, 713, 716
 with craniofacial tumours, 731-732
 with dentigerous cyst, 731
 with duplications, 398
 with Fournier’s gangrene, 94
 with gallstones, 488-489
 with gastro-oesophageal reflux disease, 311
 with haemangiomas, 658
 with haematogenous osteomyelitis, 135-136
 with hydrometrocolpos, 672-674
 with hypercalcaemia, 197
 with hypospadias, 542, 546, 549
 importance of control, 62
 with inflammatory bowel disease, 444
 from ingested caustics, 323-324, 328
 with inguinal hernia, 359
 intermittent, 394
 with internal herniation, 412
 with intestinal malrotation, 394
 with intestinal obstruction, 412, 414
 with intussusception, 405-406
 with jaundice, 472
 with kidney disease, 511
 with limb enlargement, 666
 with liver tumour, 626-627
 with liver abscess, 96, 142
 with lung abscess, 304
 with lymphangiomas, 649, 653
 with lymphoedema, 732
 management, 45, 59, 61-65, 84, 177, 209, 218-

219, 717, 773
 with meatal stenosis, 562
 with mediastinal lesions, 339
 with minimal access surgery, 738, 740-742
 with musculoskeletal trauma, 177, 208-210
 neck, 191, 195, 281
 with necrotising fasciitis, 94, 130-132
 negative-pressure therapy, 725
 with neuroblastomas, 610-611
 with noma, 730
 nonpharmacological techniques of 

management, 63
 opioid relief, 59
 with otitis media, 756
 with ovarian lesions, 686, 688-690
 with pancreatitis, 492, 495-498
 with paraphimosis, 563
 with parasitic infestations, 142-147, 414
 with peptic ulcer disease, 372-375
 with phimosis, 560-561
 with pleural effusion and empyema, 300-302
 with polyps, 461-463
 with postpolio syndrome, 717
 with pyomyositis, 121-123
 referred, 181
 responsiveness to, 19
 with retropharyngeal abscess, 281
 with salivary gland disease, 256
 scales, 62-63, 65, 166
 scrotal, 590-593
 with septic arthritis, 139
 with shunt failure, 702
 with sickle cell disease, 34-36, 500
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Pain (continued)
 as sign of infection, 98
 as sign of inflammation, 49, 93
 with spinal cord tumours, 644
 splenic, 35, 499-501, 505
 splinting for, 717
 stress due to, 82-83
 with surgical site infection, 98-99
 with swallowing, 319
 and tachycardia, 69-70, 173
 and tachypnea, 19
 with teratomas, 602-603
 with thoracic trauma, 181
 with thyroiditis, 264
 with tissue expanders, 725
 with transplantation, 773
 with tuberculosis, 112-114, 116 
 with typhoid fever, 104, 107-108
 with urachal anomalies, 354
 with ureteric injuries, 203
 with ureteropelvic junction stenosis, 514-515
 with urolithiasis, 566-567
 with urinary tract infection, 519-520, 524
 with uterine anomalies, 679-681
 with vitelline duct anomalies, 390-391
 in wound healing, 44-45
Pancreas, 184, 398
 aetiology, 484, 491, 499
 anastomotic leaks, 308
 annular, 376, 381-382, 491-495
 cancer, 461-462, 497
 in cholelithiasis, 487, 490
 in congenital diaphragmatic hernia, 293
 ectopic, 389-391, 404
 enzymes, 402, 412, 414
 and gastroschisis, 349
 injury to, 184, 383, 501
 in intensive care, 70, 72, 379
 in intestinal atresia, 383, 387
 and jaundice, 472-475
 and necrotising enterocolitis, 419-420
 and omphalitis, 125-126
 parasitic infestation, 143
 peripheral vascular access, 47, 49-50, 52
 secretions, 424, 427
 and short bowel syndrome, 395, 42-427
 and short gut syndrome, 379
 and transplantation, 771
 and tuberculosis, 112, 115
 tumour in, 390, 603, 657
 and typhoid fever, 107
Pancreaticobiliary junction, 483-484
Pancreatitis, 35, 103, 398, 473, 484-489, 494-498
Papilloma, 272-274, 468, 644, 699, 762
Paraphimosis, 554, 558, 562-563
Parasites, 71, 120, 141-149, 355
 and acute pancreatitis, 494
 and appendicitis, 440
 and intestinal obstruction, 412, 414-415
 and liver, 623, 627
 and lymphoedema, 732
 and rectal prolapse, 467
 and spleen, 500
 and unilateral limb enlargement, 664-667
Parasitic twins, 750-754
Parastomal hernia, 430-432, 457
Parathyroid gland, 236, 237, 239, 262, 265, 267, 

338
Paratidectomy, 258-259
Parenteral antibiotics, 36, 100, 126, 132, 209, 651
Parenteral nutrition, 30-32
 and anastomic leaks, 308
 in annular pancreas, 492
 in cholelithiasis, 487, 490

Parenteral nutrition (continued)
 in congenital diaphragmatic hernia, 293
 to correct bleeding tendency, 484
 and gastroschisis, 349
 in intensive care unit, 70, 72, 379
 in intestinal atresia, 383, 387
 and necrotising enterocolitis, 419-420
 in obstructive jaundice, 472-473
 in omphalitis, 125-126 
 in pancreatitis, 496
 and peripheral vascular access, 47, 49-50, 52
 and short bowel syndrome, 395, 426-427
 and short gut syndrome, 379
 in transplantation, 771
 in typhoid fever, 107
Parkes-Weber syndrome, 660, 665
Parotid, 235, 254-260, 603, 653
Parotidectomy, 258-259
Parotitis, 254, 256-257
Parovarian cyst, 688
Pasteurella multocida, 241
Pectus carinatum, 294, 332-334, 719
Pectus excavatum, 4, 333-337, 740
Penis, 3, 205, 206, 225, 529, 532, 535, 541-552, 

554-555, 557, 560-562, 574
 carcinoma, 554-561
 raphe, 455-456, 541, 543
 rotation, 532, 541, 551
 See also Chordee, Glans, Hypospadias, Meatus. 
Peptic ulcer disease, 372-375, 398-399, 489
Peptococcus sp., 241
Peptostreptococcus, 93, 124, 130, 241
Pericardial defect in pentalogy of Cantrell, 292, 

747
Pericardial disease, 17
Pericardial effusions, 93
Pericardial fluid, 184
Pericardial tamponade, 53, 176, 182
Pericardial tears, 182
Pericardial window, in thorascopy, 343
Pericarditis, 116, 122, 241, 335
Pericardium, 182, 234, 285, 338, 348
Perineum
 and anorectal or urogenital malformations, 

455-457, 465, 529, 673-674
 embryology, 673
 examination in trauma patient, 177, 187, 200-

201, 204-205
 hygiene, 682-683
 injury, 200-206, 225
 and necrotising fasciitis, 93, 132, 465
Peritoneal adhesions, 126-127, 412
Peritoneal fluid, 105-107, 354, 359
Peritonitis
 due to appendix perforation, 47, 440
 bacterial, 374
 biliary, 484
 due to bowel perforation, 31, 416-417
 as cause of hypovolaemic shock, 19, 69, 394
 and gastrointestinal stomas, 433
 and inguinal hernia, 360
 and intussusception, 405-410
 and laparoscopy, 741
 meconium, 377, 379
 and necrotising enterocolitis, 416-417, 420
 and omphalitis, 124-127, 353
 and parasitic infestations, 142-143
 and peptic ulcer disease, 373-375
 related to shunt in neurodisablities, 702-703
 and transplantation, 774
 and tuberculosis, 112-117
 due to typhoid fever, 47, 104-105, 107-108
 and vitelline duct anomalies, 390

Peyer’s patches, 104, 112, 398, 404
Pharynx, 59, 234, 236, 239, 277-278, 281, 330, 

650, 652-653, 760
Phimosis, 554, 558, 560-561, 563
Phlebitis, 51, 352-353
Photobacterium damsela, 130
Phrenic nerve injury to, 228, 229, 285, 295-296
Pilocytic astrocytoma, 639-645
Pineoblastoma, 640, 641
Plagiocephaly, 248-252, 728-729
Platelets, 35, 40-42, 47, 56, 105, 125, 225, 444, 

449-501, 505, 586, 616, 657, 660
Pleural effusion, 121, 142, 299-302, 324, 629, 769
 and bone tumours, 636
 and chylothorax, 343
 and lymphoma, 605-606 
 and pancreatitis, 495, 497
 postoperative, 294
 and pectus carinatum, 332
 surgery, 301-303
 tubercular, 112, 114, 118
 with typhoid fever, 108
Pleural fluid, 299-301, 343
Pleuropulmonary disease, 141, 288
Pneumatosis intestinalis, 417-419
Pneumocephalus, 191-193
Pneumococcus, 38, 120, 186, 189, 302, 502
Pneumocystis, 770
Pneumonia, 112, 121, 216, 287, 289, 299, 653, 

740, 742, 743, 770
 aspiration, 10, 218, 376, 377, 380
 bacterial, 15
 as cause of death, 71
 crepitations with, 104
 with duplications, 398
 with empyema, 299-302
 with epiglottitis, 762
 fungal, 740
 with gastro-oesophageal reflux disease, 311, 

312, 315
 with lung abscess, 304, 306
 necrotising, 304
 with oesophageal atresia, 309
 with pleural effusion, 299-302
 with tracheobronchial foreign bodies, 329, 331
 with tracheomalacia, 283, 284, 285
Pneumoperitonium, 104-105, 109, 114, 321, 374, 

376, 380, 390, 407-408, 418-419, 421, 489, 
738

Pneumothorax, 32, 72, 118, 165, 176, 275, 287, 
294, 300, 315, 324, 332, 334-335, 584

 iotragenic, 701
 open, 173, 176
 risk of, 50-52
 simple, 181
 tension, 20, 69, 173, 175-176, 180-181, 292
Poisoning
 accidental, 157, 159, 162
 carbon monoxide,16, 69, 215
 drug-related, 161, 222
 due to plants, 161
 due to physical abuse, 223
 due to snake bites, 159, 161
 suicidal, 159
Poland’s syndrome, 335, 725
Poliomyelitis, 56, 694-697, 716-718, 721
Polycystic disease, 24, 627
Polyposis, familial adenomatous, 461-463, 625, 

771
Polyps, 461-463
 anal fissure, 466
 bladder, 146
 colonic, 115, 404
 gastrointestinal, 461, 463
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Polyps (continued)
 intestinal, 404, 462
 juvenile, 461-463
 nasal, 759
 rectal, 3, 390, 461
 umbilical, 352-354
 ureteral, 146
 urethral, 582-583, 586
Ponseti method, 695, 709-712, 721
Portoenterostomy, 476-481, 766
Portosystemic shunt, 126, 503-506
Posterior sagittal anorectoplasty, 21, 200, 379, 

457-460, 741
Postoperative infection, 697, 713, 716, 740, 743
 in acute scrotum, 592
 in craniocerebral trauma, 193
 craniospinal tumour, 641
 congenital ureteropelvic junction stenosis, 516
 in gastrointestinal stoma, 430
 in infantile hypertrophic pyloric stenosis, 370
 in intestinal malrotation, 395
 orchiopexy, 571
 sickle cell disease, 35, 37
 typhoid fever, 107
Postpolio syndrome, 716-718, 721
Postsplenectomy infection, 186, 189, 230, 501-

502
Posttraumatic disorders, 193-196, 220, 363, 500, 

584, 709, 712, 714, 7 19
Posttraumatic events, 191, 194, 196
Posttraumatic treatments, 202
Potassium
 infusion of, 20, 105, 197, 369, 426, 567, 768
 levels, 24, 27-29, 104, 216-217, 567
 losses of, 217, 368
Prepuce, 529, 541-544, 547-548, 550-551, 554-

558, 560-563
Pressure ulcers, 40, 43-44, 196, 666, 733-734
PRETEXT staging, 625
Prevotella sp., 730
Primary survey
 in burn victims, 216
 in child abuse victims, 225
 in trauma patient, 172-174, 177, 178
 of urogenital tract, 200
Processus vaginalis, 229, 358-359, 363, 569, 590 
Proctocolectomy, 445-446, 741
Proliferation
 bacterial, 99, 218
 bile duct, 476, 483, 627
 cellular, 495, 605, 607
 epithelial, 510
 evagination, 673, 679
 haemangioma, 657-658, 725-727
 lymphoid, 241, 440, 771, 774
 microorganism, 40-45, 95, 98-99, 218, 440
 of peripheral nerves in Hirschsprung’s disease, 

449
 of respiratory bronchioles, 287
 vascular, 643, 657
Protein
 C-reactive, 115, 121, 136, 440, 444
 content, 115, 299, 302, 342-343, 401
 contractile, 124
 deficiency, 129, 718, 766
 in diet, 217, 565-566
 increased, 416, 426, 644, 732
 globin, 34
 and juvenile polyposis syndrome, 462
 levels, 9, 33, 59, 71, 107, 109, 255-256
 loss, 214, 217, 503, 597, 733
 and lymphoedema, 664, 732
 and pancreatitis, 485, 495
 in parasitic infestations, 141

Protein (continued)
 plasma, 41, 59, 95, 487
 requirements, 30
 role in wound healing, 41-44, 95
 serum, 31, 33, 108, 300, 623
 in urine, 25
Proteus sp., 93, 124, 130, 565, 756
Proteus syndrome, 601, 648, 664, 665
Protozoal infection, 71, 96, 191
Pseudoaneurysm, 202, 497
Pseudocyst, 257, 377, 379, 495, 497, 500 
Pseudomonas aeruginosa, 92, 218
Pseudomonas sp., 96, 120, 130, 218-219, 565, 756
Pseudopolyps, 115, 443, 463
Psychological disorders, 220, 394, 412, 414
Psychological issues, 56, 76, 78, 80, 82-87, 177
 with birth injuries, 229
 with bladder problems, 536, 587
 in burn victims, 220
 in child abuse victims, 222
 and circumcision, 557-558 
 with cleft lips/palates, 728
 of conjoined twins, 752
 with haemangiomas, 657
 with Hirschsprung’s surgery, 452-453
 with intestinal stomas, 429, 433
 with neurofibromatosis, 732
 with sexual identity, 545, 576, 578
 with unilateral limb enlargement, 664
Public health efforts, 3-4, 6, 72, 323, 777, 780
 on clubfoot care, 711-712, 721
 lack of facilities, 145
 on orthopaedic surgery, 709
 on rickets, 720
 on typhoid fever, 108
 on umbilical cord care, 353
Pull-through procedures, 84, 379, 429, 433, 446, 

449, 451-453, 461, 675, 740-741
Pulmonary abnormalities, 15, 297, 349, 741
Pulmonary artery, 18, 283-285, 288
Pulmonary aspiration, 32, 56
Pulmonary blood pressure, 15
Pulmonary capillaries, 68
Pulmonary circulation, 9, 14-15, 18, 21, 68, 291
Pulmonary compression, 334, 343
Pulmonary consolidation, 104, 497
Pulmonary contusion, 72, 180-182
Pulmonary disease, 112, 242, 511
Pulmonary dysfunction, 220, 752
Pulmonary embolism, 69
Pulmonary embryology, 15
Pulmonary fibrosis, 40, 42
Pulmonary function, 9, 14-16, 59, 334
Pulmonary hyperplasia, 288
Pulmonary hypertension, 9-10, 15, 291, 295, 297, 

503, 747, 761, 769
Pulmonary hypoplasia, 15, 295, 335, 343, 584, 

603, 749
Pulmonary infection, 111, 182, 220, 289, 299-300, 

304, 402, 629
Pulmonary injuries in burn victim, 215
Pulmonary malignancy, 741
Pulmonary metastases, 266, 598, 615, 625, 634, 

636, 725
Pulmonary mortality, 16
Pulmonary oedema, 14, 20-21, 27, 69-70, 215
Pulmonary outflow obstruction, 21
Pulmonary parasitic infestations, 144-145, 148
Pulmonary parenchymal infection, 112, 302
Pulmonary perfusion, 21
Pulmonary physical therapy, 15
Pulmonary physiology, 14-15
Pulmonary resection, 116, 741

Pulmonary sequestration, 287-288, 343
Pulmonary sepsis, 319
Pulmonary thoracic teratoma, 603
Pulmonary tuberculosis, 111-113, 116-118, 241
Pulmonary vascular resistance, 9-10, 15
Pulmonary vasculature, 15, 287, 291, 295
Pulmonary vasoconstriction (hypoxic), 15
Pulmonary vasodilatation, 293-294
Pyloric stenosis, 3, 28, 327, 368-371, 694, 695, 

740, 742
Pyopericardium, 121
Pyomyositis, 93, 120-123
Pyriform aperture stenosis, 327, 758

R
Radial nerve palsy, 228
Radiography
 for abdominal trauma, 185
 for achalasia, 320
 for annular pancreas, 492-493
 for appendicitis, 440
 for birth injuries, 229
 for bladder injuries, 204
 for bladder outlet obstruction, 585-586
 for child abuse injuries, 224-225
 for colonic atresia, 437
 for congenital cystic lung lesions, 287-290
 for conjoined twins, 751, 753
 contrast-enhanced. See Contrast-enhanced 

radiography.
 for cystic fibrosis, 711
 for developmental dysplasia of the hip, 249
 for diaphragmatic hernia, 293, 295
 for elbow fracture, 715
 for extramedullary tumours, 644
 for foreign body detection, 329-331
 for haemoglobinpaths, 35-36
 for Hirschsprung’s disease, 450
 for hydrometrocolpos, 672
 for inguinal hernia, 360
 for intestinal malrotation, 394
 interventional, 202
 for intussusception, 407, 410
 for kidney tumours, 598
 for lymphadenopathy, 242
 for lymphangiomas, 650
 for lymphoma, 605
 for meconium ileus, 402
 for mediastinal mass, 611-612
 for musculoskeletal trauma, 209
 for necrotising enterocolitis, 417-419, 421
 for necrotising fasciitis, 131
 for neonatal intestinal obstruction, 381-382, 

384
 for nutritional rickets, 719
 for omphalitis, 125
 for osteomyelitis, 136, 139
 for pancreatitis, 495
 for parasitic infestations, 142-143
 for pleural effusion, 300
 for primary bone tumours, 634, 636
 for pyomyositis, 121-122
 in reconstructive surgery, 726, 729
 for salivary gland disease, 255
 of shunts, 703
 for spinal cord injury, 195
 for telemedicine, 778
 for teratomas, 602-603
 for thoracic trauma, 180-182
 for thyroid gland, 266
 for torticollis, 249
 training for, 784
 for tuberculosis, 115, 466
 for typhoid intestinal perforation, 104
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Radiography (continued)
 for unilateral limb enlargement, 666
 for urogenital trauma, 201
 for urolithiasis, 566
 See also Angiography, Cystogram.
Ranula, 254, 257
Rape, 152, 159, 222
Ravitch procedure, 332, 334
Reconstruction
 due to benign lesions, 633-634
 biliary, 485, 768, 772-773
 bladder, 530, 533, 536, 587, 705
 with conjoined twins, 752-754
 for disorders of sex development, 577-578, 587
 ethical issues, 536
 facial. 259, 726, 734
 flaps, 132, 725, 731, 733
 gastrointestinal tract, 772-773
 J-pouch, 741
 due to lymphoedema, 732
 due to neurofibromatosis, 731-732
 oesophageal, 325
 ossicular, 757
 plastic, 3, 515, 545, 704, 724-734
 preputial, 543, 548, 554-556
 due to pressure ulcers, 733-734
 saggital, 195
 sternal, 335-336
 tissue expansion, 725, 752
 tracheal, 278
 umbilicus, 355
 ureteric, 203
 urethral, 535, 547, 550-552, 578
 uterine, 680
 vaginal, 577-578, 587, 675
 vascular, 209, 725-726
Reconstructive surgery, 72, 139, 259, 535, 536, 

635-637, 724-734. 
 for burns, 216
 for clubfoot, 710
 for necrotising fasciitis, 94, 132
 skin grafts, 724. See also Skin graft.
Rectal prolapse, 431, 465, 467-468, 566
Rectovaginal fistula, 3, 152, 429, 455, 460, 465
Rectum, 177, 184, 187-188, 25, 376-379, 405
 and anorectal conditions, 455-460, 467-468
 and bladder outlet obstruction, 584-585
 and cloaca, 673, 675
 duplications, 377, 399
 embryology, 581
 and Hirschsprung’s disease, 449-452
 and necrotising enterocolitis, 417-418, 421
 and polyps, 461-462
 prolapse, 467-468, 529
 and ulcerative colitis, 443-444
 and worms, 412, 414
 See also Rectal entries.
Reflux
 biliary, 484, 485
 gastro-oesophageal, 249-250, 275, 283-286, 

294, 297, 308, 310-317, 320, 368, 418, 754
 laryngopharyngeal, 760
 pancreaticobiliary, 483, 484
 urine, 586, 590
 vesicoureteric. See Vesicoureteric reflux.
Relaparotomy, 108, 441
Renal anomalies, 748-749
Renal cell carcinoma, 511, 597, 599
Renal function, 18, 23-25, 58-59, 539, 584
Renal osteodystrophy, 267, 584
Renal trauma, penetrating, 203
Respiration
 abscess effect, 95-96
 with birth injuries, 229

Respiration (continued)
 with burn injuries, 215
 complications of spinal cord injury, 196
 intubation, 70
 management, 180
 monitoring, 350
 mechanical ventilation, 69, 181, 
 and pain management, 59, 64
 See also Respiratory entries.
Respiratory acidosis, 738
Respiratory adaptation, neonatal, 10, 58
Respiratory complications
 of neurologically impaired child, 315
 of spinal cord injury, 196
Respiratory compromise, 70, 173, 294, 336, 349-

350, 495
Respiratory depression, 59, 64
Respiratory distress, 28, 72, 173-174
 with bladder outlet obstruction, 584
 with chest wall deformities, 335-337
 with chylothorax, 343
 with congenital cystic lung lesions, 287, 289
 with congenital diaphragmatic hernia, 291-296
 with gastro-oesophageal reflux disease, 311
 with hydrometrocolpos, 672, 674
 with hyperparathyroidism, 267
 in intussusception, 408
 with lymphangiomas, 649
 with mediastinal lesions, 339
 with oesophageal atresia, 306
 with omphalitis, 125
 with otorhinolarygology, 759, 761
 with teratomas, 603
 in thoracic duplications, 398
 with tracheomalacia, 283-284
 in upper airway obstruction, 278
Respiratory distress syndrome, 14, 382, 420
Respiratory epithelium, 236, 238, 289
Respiratory exercises, 180
Respiratory failure, 10, 20, 67-70, 73, 112, 173, 

181, 293, 311, 
 in conjoined twins, 754
 with duodenal obstruction, 381
 with intestinal obstruction, 376
Respiratory function
 assessment of, 165-167, 173, 176, 332-334, 

773
 in children versus adults, 55, 57, 59-60
 and typhoid fever, 104-105
 and tuberculosis, 112
Respiratory insufficiency, 24, 68, 180, 195-196, 

752
Respiratory monitoring, 20, 58-59, 64, 68, 72, 

173, 176-177, 196, 280
Respiratory obstruction, 58, 259, 263, 650-653
Respiratory papillamatosis, 762
Respiratory paralysis, 717
Respiratory physiology, 14-16, 68
Respiratory problems
 anaesthesia risks, 56
 and shock, 20
 suggested treatment, 10, 12, 15-16
Respiratory rate
 inadequate, 68
 normal, 57, 68, 173
 and pain, 62
 rising, 277, 280. See also Tachypnoea.
Respiratory reserve, 292, 295
Respiratory scoring systems, 165-167
Respiratory support, 70, 73, 196, 229, 284
Respiratory symptoms
 with gastro-oesophageal reflux disease, 312
 with achalasia, 319, 321
Respiratory syncytial virus, 283

Respiratory tract infection, 92, 279-280, 283-285, 
329, 503

 and acute suppurative lymphadenitis, 240
 and haematogenous osteomyelitis, 135, 139
 and lymphatic malformations, 651
 nosocomial, 94
Resuscitation, 11-12, 47-48, 60, 93-94, 105, 122, 

132-133, 143, 169, 172-178, 187, 209, 212, 
713, 733

 ABCDEs of, 172, 178, 200, 215, 225
 abdominal trauma, 184-185
 in burns, 214-221
 cardiopulmonary, 77
 in child abuse injuries, 225
 and congenital diaphragmatic hernia, 293
 of conjoined twins, 751
 fluid. See Fluid resuscitation.
 and head injury, 191, 192, 198
 and intestinal obstruction, 37, 378-380, 384, 

413, 415
 and intussusception, 406, 409
 and liver disease, 481
 and necrotising enterocolitis, 418-419
 and pancreatitis, 495-496
 and peptic ulcer, 373-374
 and spinal cord injury, 195, 198
 and thoracic trauma, 180, 182
 and tracheomalacia, 283-284
 and trauma, 172-178, 180, 182, 184-185, 191-

192, 195, 198, 713
 volume, 20, 26, 173, 192, 216, 293
Retinoblastoma, 609, 614, 634-636, 640
Retropharyngeal abscess, 250, 279-281, 760, 762
Revised Trauma Score (RTS), 165-167, 169-170
Rhabdoic tumour, 597, 599
Rhabdomyosarcoma, 122, 243, 254, 260, 288, 

352, 583, 587, 613-618, 621, 624, 626, 732
Rhinitis, 757-758
Rhinosinusitis, 758-759
Rhizopus arrhizus, 130
Rib fractures, 180, 224
Rickets, 225, 479, 619, 696, 709, 718-721, 728
Road safety, 160, 161
Rosai-Dorfman disease, 241, 242
Rubella, 243, 245, 254, 477, 494, 667, 694, 757

S
Sacrococcygeal teratoma, 582-583, 748
Salivary glands, 154-162, 54-261, 495
Salmonella paratyphi, 103
Salmonella typhi, 38, 103, 105, 109
Salmonella sp., 36, 105, 120, 135, 139, 500
Satellite, information transfer, 779
Scalp, 92, 190-193, 198, 234, 240, 615, 730
Scars, 42, 250, 379, 657
 abdominal, 433, 452
 in burns, 42, 214, 220
 chest wall, 335-336
 formation, 40, 42, 46, 95, 130, 132, 215
 and haemangiomas, 658-659
 hypertrophic, 42, 220
 management, 220
 and plastic surgery, 726, 728, 730-731, 733
 in secondary closure, 350
 tissue, 40, 130, 273, 703
 in umbilicus formation 352
 unsightly, 49, 100, 220, 237, 535
Scintigraphy
 for bladder outlet obstruction, 585-586
 for bone tumours, 624-636
 hepatic, 623
 radioisotope, 751
 radionucleoid, 484
 renal, 202, 514-515
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Scintigraphy (continued)
 for rhabdomyosarcoma, 616
 for salivary gland disease, 257
 technetium-99, 398, 514
 for thyroid gland, 262
 thyroid iodine, 238, 263
 for ureteropelvic junction stenosis, 514-516
 for vesicoureteric reflux, 524
 for vitelline duct malformation,  390
Schistosoma sp., 145, 583, 586
Schistosomiasis, 141, 145-146, 200, 503, 506, 

582-584, 587, 590
Sclerotherapy, 27, 504-506, 627, 648, 651-654, 

662
Scoliosis, 214, 300, 440, 623, 644, 754
 in conjoined twins, 753
 with Ewing’s sarcoma, 636
 with neurofibromatosis type 1, 732
 with pectus carinatum, 332
 with postpolio syndrome, 717
 risks for, 694, 695
 with spina bifida, 704-705
 with sternomastoid tumour, 251
 thoracic, 302
 with torticollis, 249
Scrotum, 126, 147, 205-206, 358-362, 364, 530, 

541, 543-544, 546, 569-570, 576, 602
 acute, 519, 590-593
 hemiscrotum, 363-364, 592
Secondary survey
 in abdominal trauma, 176-177
 in burn victims, 172-178, 215-217, 225
Seizures, 56, 71, 194, 640, 645
Seldinger technique, 48, 51-53, 184
Sensorineural hearing loss, 757
Sepsis, 20-22, 25-26, 31, 36, 70, 93, 220, 311, 

394, 431, 441, 452, 705
 bacterial, 472-473
 in bladder injuries, 204
 in burn wounds, 216-220
 catheter-related, 49, 52-53, 96, 379, 771
 as cause of hypoglycaemia, 28
 as cause of infective gangrene, 93
 as cause of renal failure, 24
 as cause of shock, 22, 69
 with cholecystitis, 489
 with circumcision, 557, 561
 as complication of parenteral feeding, 32, 218
 with conjoined twins, 752, 754
 fungal, 11, 219
 with haematogenous osteomyelitis, 135-137, 

140
 with hyponatraemia, 197
 inflammatory response syndrome, 68
 with inguinal hernia, 360
 in kidney trauma, 202
 with necrotising enterocolitis, 416-418
 with necrotising fasciitis, 94
 in neonates, 9, 353, 376-377, 416, 584, 588, 

705
 with omphalitis, 124-125, 127
 with peptic ulcer disease, 372
 postsplenectomy, 500-502
 with pressure ulcers, 733
 pulmonary, 319
 pyomyositis, 121
 respiratory, 283
 with short bowel syndrome, 427
 systemic, 135-137, 140, 353, 767
 in thyroiditis, 264
 after traditional bonesetting, 211
 in transplantation, 767, 769, 771-773
 in ureteric injuries, 203
 viral, 11

Septicaemia, 11, 32, 100, 120-121, 131, 144-145, 
304, 360, 416, 427, 584

Septic arthritis, 36, 50, 122, 131, 139-140, 144, 
716

Septic embolisation, 241, 304
Septic shock, 19-21, 73, 121, 125, 418, 441
Sequestration, 489
 bronchopulmonary, 287-289, 304, 747
 fluid, 405, 496
 hepatic, 35-36, 489
 pulmonary, 287-289, 343
 splenic, 35-36, 500
Serous fluid, 299-300, 653
Serratia, 120
Sex-cord stromal tumours, 685-687, 689
Sex development, disorders of. See Disorders of 

sex development.
Sexual abuse, 152, 159, 174, 200, 206, 222, 225-

226, 466-469, 682-683
Sexual activity, 561-562, 675, 680,  686
Sexually transmitted disease, 78, 222, 226, 468, 

590-591. See also AIDS, HIV.
Shaken baby syndrome, 224
Shock, 18-22, 69
 due to blood loss, 72
 and burn victim, 19, 69, 216
 cardiogenic, 21, 69
 and hypotension, 104, 173
 and hypothermia, 20, 173
 hypovolaemic, 19-22, 35, 69-70, 72-73, 173, 

192, 216, 378, 491
 with infection, 72
 neurogenic, 21
 obstructive, 69
 septic, 19-21, 73, 121, 125, 418, 441
 toxic, 92, 121, 130, 133
 and typhoid fever, 104
Short bowel, 387-388
Short bowel syndrome, 50, 118, 387, 395-396, 

399, 419, 424-428, 771
Shunts, 503-507
 avoidance of, 701-702
 arteriovascular, 661
 arteriovenous, 77, 289, 660, 726
 cavernoglanular, 37
 cerebrospinal fluid, 193, 701, 703
 Chlabra, 696
 failure, 702, 705, 706
 fistula, 661
 foetal, 9-10, 15, 287, 291, 398, 538, 661, 747, 

749
 for hydrocephalus, 641, 695-696, 704, 706, 728
 infection of, 702-706
 intrapulmonary, 10
 mortality rates, 705
 pleural, 701
 pleuroamniotic, 287
 pleuroperitoneal, 343, 344
 portosystemic, 126, 503-506
 postoperative complications, 702-703
 splenorenal, 505-506
 ventriculoatrial, 701
 ventriculoperitoneal, 355, 696, 701, 703, 706
Shuntalgia syndrome, 703
Sialorrhea, 254, 257
Sickle cell disease, 34-38
 anaemia, 35, 37, 56, 488, 712, 714, 728, 759-

760, 763
 and choledocholithiasis, 473 
 and cholelithiasis 36, 487-490
 complications, 34-38, 490
 demographics, 34, 487
 and haematogenous oseteomyelitis, 135-136, 

138-139

Sickle cell disease (continued)
 management of, 38, 501, 760
 and necrotising fasciitis, 132
 Ogilvie’s syndrome, 412
 orthopaedic manifestations, 36
 and short bowel syndrome, 424
 and splenic disease, 499-502
 and splenectomy, 35, 500
 and tonsillectomy, 760, 763
 and typhoid fever, 107
Sjogren’s syndrome, 254, 256-257
Skeletal injury, 120, 167-169, 211, 223-224, 267
Skeletal maturation, 265-266, 729, 731
Skin graft, 37, 41, 49, 93, 216, 724, 730, 733
 for arteriovenous malformation, 662
 for chordee correction, 532
 for chronic wounds, 43-44
 in conjoined twins, 752, 754
 with necrosis, 49, 126, 132
 for scalp loss, 192
 split-thickness, 37, 206, 662, 675, 680, 724
 in vaginal agenesis, 680
Skin necrosis, 37, 49-50, 125, 242, 556, 653, 752
Skin ulcer, 37, 332
Skull fracture, 173, 176, 190-194, 223, 228
Small bowel, 390, 393-394, 399, 402
 atresia, 388, 437-438, 740, 748
 bowel loops, 114, 390, 418
 in conjoined twins, 753
 contrast studies, 114, 386, 413, 444
 and Crohn’s disease, 445-446
 disease, 445-446
 duplication, 398-399
 embryology, 389, 393
 enterostomy, 30, 402
 follow-through, 414, 444
 and Hirschsprung’s disease, 449, 453
 with hyperaemia, 417
 and ileosigmoid knotting, 414
 intussusception, 407
 ischaemia, 395
 with jejunal atresia, 386
 length, 379, 424, 426
 lymphatic drainage, 115
 in malrotation, 394-396
 motility, 424
 necrotic, 417
 in nonrotation, 393
 obstruction, 390, 412-414, 446, 500-501
 parasites in, 414
 and prenatal diagnoses, 748
 pyogenic granuloma, 726
 resection, 379
 stomas, 429
 transplantation, 380, 771-774
 tuberculosis, 112, 114-115
Socioeconomic effects on paediatric care, 5, 31, 

111-112, 132, 136, 143, 149, 157-158, 190, 
223, 355, 699, 705, 718, 762

SOCRATES mnemonic, for pain assessment, 62
Sodium levels
 in the neonate, 23-26, 28-29, 55, 368
 in short bowel syndrome, 424, 426
Soft tissue infection, 92, 98, 784
 with aplasia, 255
 with burns, 177
 with cellulitis, 93
 with haematogenous osteomyelitis, 136, 139
 with lymphoedema, 665
 in musculoskeletal trauma, 209, 211-212
 with retropharangeal abscess, 281
 at surgical site, 98, 662
 See also Necrotising fasciitis.
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Soft tissue trauma, 177, 208-209, 211, 223, 662, 
712-713, 730, 779

Soft tissue tumours, 259, 582, 603, 612, 613-621, 
624, 634-636, 640, 657, 665-667, 686, 770

Sonogram, 576
Spasticity, 197, 265, 659
Spherocytosis, 477, 488, 490, 499-500
Spina bifida, 3, 429-430, 565, 601, 694-698, 699-

706, 733, 754, 761
Spinal cord
 and conjoined twins, 751-752
 mass lesion, 71, 197
 and meningoceles, 700
 and non-Hodgkin’s lymphoma, 606
 and polio virus, 716
 role in voiding, 581, 584
 and spina bifida, 700-701
 syndromes, 195
 tumours, 639-645
Spinal cord injury, 18, 194-198
 assessment, 165, 176-177, 456, 700-701
 as birth injury, 229
 cervical, 21, 52, 67, 68, 72, 172, 176, 191, 194-

195, 250, 729
 complications, 43, 196-197
 management, 195-196, 430
 pathophysiology, 61, 194
 and permanent stomas, 430
 in physical abuse, 223
 and shock, 69
Spleen, 499-502
 abscess, 103, 500
 accessory, 499, 501
 acute, 35
 cysts, 500, 501, 740
 embolisation, 479, 505
 and glandular fever, 281
 and hydatid disease, 147
 infarcts, 500
 injury to, 165, 169, 180, 184, 185-187, 229-230, 

294, 315, 501
 and leukaemia, 501
 and liver transplantation, 766
 and lymphoma, 501
 and non-Hodgkin’s lymphoma, 606
 perforations, 106
 and portal venous pressure, 503
 rupture, 185
 sequestration, 35-36, 500
 and sickle cell disease, 35-36, 38, 500
 and tuberculosis, 112
 tumours, 67
 and typhoid fever, 106
 vein thrombosis, 497
 wandering, 499
Splenectomy, 35-37, 186, 189, 230, 315, 479, 488, 

490, 499-502, 505, 740
Splenogonadal fusion, 499-500
Splenomegaly, 3, 37, 146, 476, 499-505, 605
Splenopexy, 499
Splenorenal shunts, 505-506
Splenorrhaphy, 186, 501
Splenosis, 501
Squamous cell carcinoma, 220, 238, 327
Staphylococcus aureus
 and abscesses, 95, 96, 281
 and bone infection, 36
 and carbuncle, 92-93
 and empyema thoracis, 299, 302
 and folliculitis, 92
 and furuncles, 92
 and impetigo, 92
 and lymphadentis, 241
 and omphalitis, 124-125

Staphylococcus aureus (continued)
 and open fracture, 712
 and otitis media, 756
 and pneumonia, 299
 and pulmonary abscess, 304
 and pyomyositis, 93, 120, 122
 and shunt infections, 702
Staphlyococcus epidermidis, 702
Staphylococcus pneumoniae, 299, 302
Staphylococcus sp.
 and cellulitis, 93
 and liver abscess, 96
 and lymphagiomas, 651
 and necrotising fasciitis, 94
 and osteomyelitis, 135
 and otitis media, 756
 and phimosis, 560, 561
 and rhinosinusitis, 758
 and septic arthritis, 139
 and splenic abscess, 00
 and surgical site infection, 99
 and urinary tract infection, 565
Stenosis, 277, 278, 324-327, 376-377, 485, 535, 

538
 airway, 274
 ampullary, 473
 anal, 3, 582
 antral, 324, 327
 aqueductal, 644, 699, 701
 auditory canal, 757
 bile duct, 477, 483
 bowel, 146
 bronchial, 304
 with colonic atresia, 437
 distal, 551-552
 duodenal, 376, 381-384
 with Hirschsprung’s disease, 452
 intestinal, 385-388
 meatal, 546, 551, 557, 560-563, 565
 pulmonic, 17, 28
 pyloric, 3, 368-371, 694-695, 740, 742
 pyriform aperture, 758
 stomal, 431-433
 subglottic, 272, 278, 281, 761-763
 in transplants, 768-769, 774
 ureteral, 146, 540
 ureteropelvic junction, 13-17, 540
 urethral, 205, 51
 vaginal, 205, 675
Stents
 airway, 285
 endobronchial, 284
 endoluminal, 285
 for pancreatitis, 496
 intestinal, 413
 intranasal, 757-758
 oesophageal, 325
 of sternum, 336
 transjugular intrahepatic, 506
 ureteric, 516, 521, 526, 532, 534-535, 546, 583
Sternal bars, 334-336
Sternal cleft, 336
Sternal defect, 292, 333, 348
Sternal depression, 333-334
Sternal fractures, 176
Sternal protrusion, 332
Sternal reconstruction, 336
Sternal torsion, 333-334
Sternal wounds, 44
Sternomastoid tumour, 234, 248-253
Stigmatisation
 of children with disabilities, 4, 83-85
 of disorders of sex development, 577-578
 of HIV/AIDS, 79, 153

Stings, 157, 159
Stoma, 11, 13, 28, 313
 as biliary conduit, 478
 bowel, 426, 446, 535
 colonic atresia, 437
 colostomy, 451, 457
 complications, 315, 430-433
 double-barrel, 116
 gastrointestinal, 429-434
 ileum, 402
 implantation, 772-773
 intestinal, 356, 385, 387-388
 necrotising enterocolitis, 419-420
 at umbilicus, 356
 urinary, 356, 535-536
Strategies
 for conjoined twins, 750-752
 coping, 83, 85
 to improve paediatric surgery in Africa, 3, 5, 

161, 356, 419, 777-778
 preventive, 101, 160-162, 198, 252, 420, 622, 

711, 774
 for transplantations, 768, 771-772, 774
 WHO Stop TB Strategy, 119
 for wound healing, 42-43
Streptococcus haemolyticus, 281
Streptococcus milleri, 302, 758
Streptococcus pneumoniae
 bacterial tracheitis, 281
 empyema, 299, 302
 rhinosinusitis, 758
 splenectomy, 501, 502
Streptococcus pyogenes
 impetigo, 92
 lymphadenitis, 241
 lymphangiomas, 652
 necrotising fasciitis, 130
Streptococcus sp.
 cellulitis, 93
 lymphangiomas, 651
 necrotising fasciitis, 93, 94, 129-131
 omphalitis, 124
 otitis media, 756
 pyomyositis, 93, 120
 rhinosinusitis, 758
 septic arthritis, 139
 splenic abscess, 500
 tonsillitis, 760, 763
Stress
 foetal, 14
 neonatal, 11, 55, 79
 patient, 56, 62, 164, 514
 parental, 56, 79, 83, 223
 relation to cost of surgery, 83-84, 433
 relation to paediatric surgery, 56, 79, 82-87, 433, 

774
 response, 11, 26, 34, 62, 372
Stridor, 275, 277, 763
 in acute epiglottitis, 762
 in aerodigestive foreign bodies, 329
 due to bronchogenic cysts, 238
 in Chiari II, 704
 in congenital laryngeal lesions, 760-761
 in corrosive ingestion, 323-324, 328
 as indication for diagnostic bronchoscopy, 273
 as indication for laryngoscopy, 272
 in laryngotracheobronchitis, 762
 in mediastinal lesions, 339
 in oesophageal atresia, 308
 in paediatric upper airway obstruction, 273, 277-

281
 in recurrent respiratory papillamatosis, 762
 as sign of respiratory failure, 173
 in tracheomalacia, 283-286
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Subglottic stenosis, 272, 278, 281, 761-763
Subhepatic appendix, 393
Sublingual gland, 254, 255, 257
Supratentorial tumour, 639, 643-644
Surgical site infection (SSI), 98-101, 107, 409
Survey
 primary, 172-178, 200, 216, 225
 secondary, 172-178, 215-217, 225
Synchronous telemedicine, 778
Synovial sarcoma, 614, 618, 621

T
Tachycardia, 19-22, 26, 58, 68-70, 99, 104, 125, 

131, 173-174, 182, 194, 495, 738
Tachypnoea, 9, 19, 70, 94, 99, 125, 173, 194, 215, 

283-284, 304
Talipes equinovarus, 625, 695, 704, 710. See also 

Clubfoot.
Tamponade
 cardiac, 69, 173, 176
 due to catheter malposition, 53
 pericardial, 176, 182
Telemedicine, 6, 637-638, 734, 777-781, 785
Temperature regulation, 8-9, 55-56
Teratomas, 237, 243, 273, 601-604, 639, 650-651
 abdominal, 603
 cervical, 603
 craniofacial, 603
 cystic, 649-651, 654, 685
 gastric, 603
 gonadal, 237
 intracranial, 603
 intrapelvic, 602
 mediastinal, 338, 342, 601, 603
 oral, 273
 ovarian, 602, 686-687
 renal, 599
 retroperitoneal, 603
 sacrococcygeal, 3, 237, 582-583, 602-604, 704, 

748
 testicular, 364, 590, 601-602
 thoracic, 603
 umbilical, 352
 vascular, 619-620
Testis, 206, 358-360, 362-363, 529-530, 544, 546, 

574, 591-593, 753
 carcinoma, 569, 578
 disorders, 361, 573-574, 576, 578
 inguinal hernia, 358-359, 541, 574
 teratoma, 601-602
 torsion, 590-593
 tumours, 590
 undescended, 3, 359, 362, 544, 569-571
Tetanus, 144, 145, 187, 353
Tetanus prophylaxis, 132, 187, 192, 209, 211, 215, 

217, 221, 712, 713, 729
Thalassaemia, 34-38, 500-502, 728
Thiersch technique, 431, 468, 548-549
Third space, fluid accumulation in, 29, 70, 216
Thoracic injury, 72, 180-183
Thoracolumbar injury, 196
Thoracopagus twins, 750-753
Thoracoscopy, 285, 288-289, 294, 296, 299-302, 

334-335, 337, 341, 343, 398-399, 738-743
Thoracostomy, tube, 181, 301-302
Thoracotomy, 112, 180-182, 285, 288-289, 301-

302, 308, 340, 343, 398-399, 603, 741-742
Thromboembolism, 196
Thrombophlebitis, 32, 49, 219, 304
Thrombosis, 32, 43, 49, 52-53, 92, 130, 323, 626
 aortic, 49
 arterial, 209
 with burns, 215
 due to catheter, 51, 53

Thrombosis (continued)
 cerebral vascular, 641
 femoral vein, 50, 52
 hepatic artery, 767, 769, 774
 hepatic vein, 504, 506
 jugular vein, 241
 mesenteric vein, 501
 portal vein, 47, 124-127, 353, 501, 503, 769
 due to shunt, 505-506
 splenic vein, 497, 501, 505
 subclavian vein, 342
 vena cava, 342, 769
 venous, 47, 50, 52, 62, 124-127, 241, 342, 353, 

497, 501, 503-506, 641, 769
Thyroglossal cysts, 3, 237-238, 239
Thyroglossal fistula, 238, 239
Thyroid gland, 234, 236-239, 262-268
Thyroiditis, 250, 262-266, 268, 659
Thyrotropin, 262
Tissue expansion, 725, 752
Tonsillectomy, 250, 727, 760, 763
Tonsillitis, 235-236, 277-279, 281, 760, 763
Torticollis, 248-253, 311, 729
Total parenteral nutrition, 10, 13
 and cholelithiasis, 487
 and cholestasis, 477
 and chylothorax, 343-344
 and hepatocellular carcinoma, 626
 and intestinal obstruction, 379
 and inflammatory bowel syndrome, 445
 and short bowel syndrome, 424-425, 427
 and transplantation, 767, 771
 and typhoid fever, 109
Toxic shock syndrome, 92, 121, 130, 133
Trace mineral requirements, 30
Tracheitis, 279, 281
Tracheobronchial injury, 180
Tracheomalacia, 273, 278, 283-286, 308
Tracheo-oesophageal fistula, 741, 748
Tracheo-oesophageal injury, 180
Traction
 during birth, 228-229
 for femur fracture, 209
 for fractures, 209, 210
 gallows, 531, 532
 skull, 196
 spinal cord injury, 196
Training
 anaesthesia specialty, 60, 64
 of birth attendees, 230-231
 for circumcision, 557
 in minimal access surgery, 741-743
 of nonsurgical personnel, 6, 11, 356
 in orthopaedics, 709, 719
 in paediatric surgery, 4-5, 182, 490, 577, 749, 

783
 of parents, 284
 in plastic and reconstructive surgery, 724
 on Ponseti technique, 711
 recommendations for, 5-6, 780, 783-785
 shortage of, 5, 64, 593, 695, 781
Transplantation, 766-775
 bone marrow, 47, 243, 611
 bowel, 427-428
 and immunosuppression, 96, 639
 intestinal, 426, 427, 771-775
 kidney, 267, 511, 618-619, 705
 liver, 427, 473-474, 476, 479-480, 485, 504-507, 

619, 625-627, 629-630, 766-771, 775
 organ, 82, 99
 skin, 42
 small bowel, 380, 771-772
 urethral valve, 540
 See also Autotransplantation.

Transportation
 injuries, 157-158, 160, 200
 limitations to, 5, 169, 200, 212
 neonatal, 11-13, 784
Trauma, 157-162
 abdominal, 184-189, 200
 bladder, 203-204
 blunt, 184-187, 190, 200, 202-204
 as cause of morbidity and mortality, 72, 157
 as cause of paediatric health care admissions, 4, 

157
 craniocerebral, 190-194
 initial assessment of, 172-178
 kidney, 202-203
 registry, 169-170
 resuscitation of, 172-178
 thoracic, 72, 180-183
 treatment of, 72
 urogenital, 200-206
 See also Injury.
Trauma and ISS (TRISS), 168, 170
Trauma Score (TS), 165, 166-167
Triage, 157, 164-167, 169, 172, 246-247, 416
Trichuris trichuria, 467
Tuberculosis, 111-119
 extrapulmonary, 116, 117, 239, 241
 HIV-related, 111, 117, 119, 152-153
 lymph node enlargement, 234-235, 239-241
 and oncology patients, 243
 peritoneal, 112-113, 114
 pulmonary, 111, 116, 118
 testing, 113-114, 339
Tumours. See Teratomas; specific tumours
Turner syndrome, 264, 342, 343, 573, 649
Twinning, partial, 397, 601
Twins
 conjoined, 750-754
 and Crohn’s disease, 443
 and infantile hypertrophic pyloric stenosis, 368
 and obstructive jaundice, 472
 parasitic, 750-754
 and posterior urethral valves, 538
 and undescended testis, 569
Typhoid 
 intestinal perforation, 103, 105, 109, 412
 and peritonitis, 47
Typhoid fever, 103-109

U
Uganda Sustainable Clubfoot Care Project, 710-

712, 719 
Ulcers 
 and Bacille Calmette-Guérin virus, 242
 bleeding, 373, 389, 431
 with Crohn’s disease, 444-445, 446
 Curling’s, 220, 372
 Cushing’s, 372
 decubitis, 43, 704
 diabetic, 42
 duodenal, 106
 elective surgery, 373
 with Fournier’s gangrene, 94
 gastric, 220
 with haemangiomas, 255, 657-658, 726
 hospital-acquired, 44, 195
 with lymphangioma, 651, 654
 with lymphoedema, 732
 Marjolin’s, 220, 667, 733
 mucosal, 195, 388, 431, 461, 463, 504
 with noma, 730
 oesophageal, 506
 in parasitic infections, 141, 144, 145, 146
 peptic ulceration, 372-375, 398-399, 489
 with Peyer’s patches, 104
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Ulcers (continued)
 pressure, 40, 43, 44, 196, 666, 733-734
 rectal, 468
 with sickle cell disease, 37, 38
 skin, 37, 332, 430, 665
 with spina bifida, 704
 tubercular, 112-116
 with umbilical hernia, 355
 venous, 37, 42, 661
Ulcerative colitis, 95-96, 443-446, 500, 741
Ultrasonography. See Ultrasound.
Ultrasound, 185, 676, 695, 738
 for abdominal trauma, 186
 for acute scrotum, 592
 for arteriovenous malformations, 661-662
 for biliary atresia, 477
 for birth injuries, 229
 for bladder exstrophy, 530, 532-533
 for bladder outlet obstruction, 585-587
 for choledochal cyst, 484-485
 for cholelithiasis, 487-489
 for conjoined twins, 750-751, 73
 cranial, 191
 for developmental dysplasia of the hip, 249
 Doppler, 255, 287, 289, 505, 586, 592, 616, 624, 

657, 666, 748, 751, 773
 for gastrointestinal duplication, 398
 guidance, 675, 701
 for haemangiomas, 657, 659
 for infantile hypertrophic pyloric stenosis, 369
 for intracranial pressure, 701
 for intussusception, 406-408
 for kidney disease, 510-511, 524, 530, 704-705
 for kidney tumours, 598
 for liver tumours, 623-624, 626
 for lymphangiomas, 649-652
 for musculoskeletal trauma, 208
 for obstructive jaundice, 473
 for ovarian lesions, 686-688, 690
 for pancreas evaluation, 492, 495
 prenatal, 538, 674, 695, 746-749
 for reconstructive surgery, 726
 for reproductive tract anomalies, 679
 for salivary gland diseases, 255, 259
 for spina bifids, 701
 for teratomas, 602-603
 for tonsillitis, 760
 for transplantation, 769, 773
 for transverse vaginal septum, 674
 for thyroid gland, 262
 for unilateral limb enlargement, 666
 for ureteropelvic junction stenosis, 513-516
 for urethral valves, 538-539
 for urinary tract abnormalities, 518-521
 for urolithiasis, 566-567
 for vesicoureteric reflux, 524, 704
Umbilical cord care, 48, 124-127, 352-353, 356, 

530
Umbilical hernia, 3, 124, 126, 265, 336, 348-349, 

352, 354-356, 393
Umbilical vein, for venepuncture, 47, 48, 53
Umbilicus, 48, 93, 124-127, 348-350, 352-356, 

389-391, 750
Undernutrition, management of, 31-32
Undescended testis. See Testis, undescended.
Upper airway assessment, 273
Upper airway infection, 56, 651
Upper airway injury, 215
Upper airway obstruction, 67-68, 273, 277-281, 

308, 330, 729
Urachus, 3, 125, 352-354, 356, 390, 581-584, 649
Ureteral agenesis, 678
Ureteral duplication, 518-522, 525, 673
Ureteral obstruction, 204, 520-521, 583, 672

Ureteric reimplantation, 203, 520-522, 525, 526, 
533, 535, 587

Ureterocoeles, 518-519, 521-522
Urethral agenesis, 582
Urethral atresia, 582
Urethral catheter, 105, 176-177, 184, 195, 201, 

204, 373, 408, 459, 549, 584
Urethral discharge, 591, 593
Urethral duplication, 562, 582, 583, 587
Urethral fistula, 455, 457, 468, 551-552, 741
Urethral injury, 200-201, 204-205, 206, 557
Urethral meatus, 177, 201, 205, 528-529, 541-552, 

555, 562
Urethral mucosa, 528-529, 532, 541, 546
Urethral obstruction, 200, 354, 539, 581, 749
Urethral opening, 518-519, 521, 529, 532, 535, 

541-544, 546, 576, 673
Urethral plate, 532, 541, 542-544, 547, 549-552
Urethral polyps, 583
Urethral reconstruction, 535, 547, 550-551, 578
Urethral sphincter, 518, 582, 586
Urethral stenosis, 551, 560-562
Urethral stent, 532, 534, 546
Urethral stricture, 200, 204, 532, 582, 584, 587
Urethral valves, posterior, 200, 354, 513, 518-519, 

521, 523-524, 538-540, 543, 565, 581-583, 
586-587, 749

Urethrocystography, 201, 585
Urethrocystoscopy, 201-202, 539, 567
Urethrovaginal fistula, 205, 673
Urinary obstruction, 24, 202, 602, 676
Urinary stones, 526, 565-567
Urinary tract anomalies, 368
Urinary tract infection
 and anorectal malformations, 457
 antibiotic therapy for, 514, 567, 675
 and autonomic dysreflexia, 197
 and bladder outlet obstruction, 584, 586-587
 in child abuse, 225
 in conjoined twins, 754
 and circumcision, 555
 and epididymitis, 590
 and hypospadias, 546
 and labial agglutination, 683
 and neuroblastoma, 610
 and osteomyelitis, 135
 and phimosis, 560-561
 and pyocolpos, 67
 and sickle cell disease, 35, 37-38
 and spina bifida, 704-705
 and spinal cord injury, 196
 and urachal anomalies, 354
 and ureterocoeles, 521
 and ureteropelvic junction stenosis, 514-516
 and urethral duplication, 583
 and urethral obstruction, 539
 and urethral stricture, 584
 and urolithiasis, 565-566
 and vesicoureteral reflux, 514, 519-520, 522, 

523-527
Urinary tract obstruction, 749
Urogenital anomalies, 748-749
Urogenital sinus
 aetiology, 465, 538, 678-679
 embryology, 377, 518, 528, 581, 672-673
 persistent, 673-675
 repair, 575, 577
Urogenital tract
 abnormalities, 582
 conjoined twins, 753
 injury to, 200-206
Urogenital trauma, 200-206
Urography
 excretion, 146, 514

Urography (continued)
 intravenous, 201, 230, 511, 519, 525, 566, 585, 

598, 679
Urolithiasis, 526, 565-567
Urological anomalies, 541, 544, 578, 582
Urological complications
 with spinal cord injury, 197
 with spina bifida, 704-706
Urological evaluation, 37, 514-515, 562
Urological injuries, 200, 206
Uteretocoeles, 518-522, 581, 583, 586-587, 749
Uterine canal atresia, 757
Uterine duplication, 601, 678-681
Uteropelvic atresia, 510
Uteropelvic junction stenosis, 202, 513-517, 524, 

540

V
Vaccination, 38, 108, 144, 146, 216, 242, 630, 667, 

712, 716, 756, 767, 775
 antirabies, 729
 hepatitis, 38, 630
 influenza, 280
 measles-mumps-rubella, 256
 pneumococcal infection, 186, 189
 polio, 716, 718, 721
 rotavirus, 404-405
 tuberculosis, 96, 113, 118
 typhoid fever, 108
VACTERAL sequence, 24, 306
Vacuum-assisted closure, 100, 667, 725
Vagina, 518, 590, 615, 673-675
 absence of, 678, 680, 682
 anomalies, 676, 678, 680
 bleeding from, 187, 225, 686
 discharge from, 187, 225, 686
 disorders of sex development, 574, 576-578
 hydrocolpos, 672-674
 inspection of, 187, 205, 230, 686
 obstruction, 573, 582, 672-673, 675-676, 683
 reconstruction, 675
 tumour, 615-616
 See also Vaginal entries.
Vaginal agenesis, 678, 680
Vaginal atresia, 573, 582, 672-675, 683
Vaginal delivery, 15, 351, 649, 680, 747, 751, 762
Vaginal duplication, 601, 678-681
Vaginal hydrocele, 359, 363-364
Vaginal plate, 673
Vaginal septum, 225, 672-676, 680
Vaginal stenosis, 205, 675
Vaginoplasty, 535, 578, 675, 680
Valgus deformities, 704, 719
Varices, 479, 503-507, 623, 766, 769
Varicocoeles, 590, 592
Varus, 710-711, 716, 719
Vascular access, 47-53, 173-174, 752
Vascular thrombosis, 130, 641
Vasoactive drugs, 70, 348
VATER syndrome, 24, 727
Venepuncture, 47-48, 50, 52
Venous access, 47-53, 70, 72, 96, 173, 342, 427, 

613, 621, 771-772
Venous cannulation, 54, 173-174
Venous cutdown, 49, 53
Ventilation systems, 47, 57-58, 68-73, 172-173, 

273-274, 293, 311
 and chylothorax, 343
 and meconium ileus, 401-402
 postoperative, 10, 72, 326, 629, 653, 769, 773
 and tracheomalacia, 283-284
 and trauma care, 21, 72, 181, 196, 215, 729
Ventriculoperitoneal shunt, 355, 696, 701, 703, 706
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Venturi mask, 68
Vesicoureteric reflux, 511, 518, 520, 523-527, 

529, 544, 555, 565, 567, 581, 586, 587, 704
Vibrio fulnificus, 130
Violence, as cause of injury, 31, 159, 200, 226, 

729
Viral infection, 71, 757
 in burn wounds, 219
 in glandular fever, 281
 and hydroceles, 363
 and intussusception, 406
 in lymphadenopathy, 241, 243-245
 in lymphangiomas, 649, 61
 and obstructive jaundice, 472-473
 posttransplant, 771
Vital signs, 22, 60, 63, 72, 173-176, 185, 191, 

202, 216, 773
Vitelline duct, 352-354, 376, 389-391
Vocal cord palsy, 272, 278, 761, 762
Volvulus, 143, 353, 376, 382, 385-387, 389-391, 

398, 402, 437, 487
 investigations, 394-395
 midgut, 31, 311, 376-380, 382, 384, 386, 388, 

393-396, 412, 424, 427
 neonatorum, 393-394
 sigmoid, 412, 414-415
von Hippel-Lindau disease, 510, 660
Vulvoplasty, 535, 680

W
Warthin’s tumour, 254, 259
Wilms’ tumour, 3, 202, 243, 511, 597-600, 609, 

614, 623
Wireless information transfer, 779
Wound closure, 44, 107, 122, 214, 258, 658, 713, 

724, 752, 754
 in achalasia, 321

Wound closure (continued)
 in burns, 214, 217, 219-220
 in lymphadenopathy, 242
 in necrotising fasciitis, 132-133
 in osteomyelitis, 136
 primary, 294, 336, 349, 351, 667, 713, 730
 secondary, 126, 754
 vacuum-assisted, 100, 667, 725
Wound infection, 40, 42-44, 92, 94, 209-211, 

712-713, 719
 in burns, 218-220
 femoral hernia, 363
 gastrointestinal stoma, 430, 432-433
 hydrocele, 363-364
 inguinal hernia, 362
 and laparoscopy, 489, 739
 lymphangiomas, 651, 653
 postoperative, 335, 362, 370, 430, 587, 598, 

651, 675, 689, 719
Wounds
 in anorectal conditions, 468
 burn, 214, 219
 care, 44, 45, 52, 100, 126, 132, 138, 209, 216-

218, 730
 chronic, 42-43, 45, 98, 215, 725, 732
 classification of, 98-99, 713
 cleansing of, 93, 209-210, 212, 697, 713
 closure. See Wound closure.
 complex, 42-43, 45, 725
 contaminated, 93, 100-101, 209, 459, 712-713
 debridement, 57, 94, 209, 218, 713, 725
 dehiscence, 30, 100, 107-108, 391, 420, 441, 

535, 703, 774
 dehydration due to, 28
 diabetic, 40
 drainage, 99, 138, 187, 702
 erythema, 99

Wounds (continued)
 and gas gangrene, 93
 and granulation, 41, 100
 healing, 10, 30, 33, 40-45, 138-139, 211, 217, 

619, 714, 733
 hospital-related, 94
 infection. See Wound infection.
 and necrotising fasciitis, 126, 131-132
 nosocomial, 99
 and nutrition, 10, 30, 33, 44, 211, 217
 open, 93-95, 98, 168-169, 209, 211-212, 532, 

546, 712-713, 721
 pain control, 62, 64, 361
 penetrating, 95-96, 157-159, 180-182, 187, 

190, 200, 203-204
 postoperative complications, 93, 99-100, 335, 

362, 370, 391, 420, 651, 662, 675
 puncture, 713, 721
 scarless repair, 40, 42
 scarring, 42
 sepsis, 441, 452, 752
 stabbing or gunshot, 157, 159, 180, 187, 190, 

200, 203-204
 surgical site infection, 98-101, 107, 409 

infection.
 therapy, 43-44
 in tuberculosis, 117
Wrist, cannulation at, 48
Wuchereria bancrofti, 244, 664, 732

X
Xerostomia, 254-257, 617
X-ray. See Radiography.

Y
Yersinia enterocolitica, 444
Yersinia sp., 120
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