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Preface

Emergency Vascular Surgery — A Practical Guide provides a concise guide to
managing patients with all kinds of emergent vascular problems. It is not in-
tended to be a “classic” textbook, so the background information given is very
concise. The focus is instead on management and treatment, especially open
surgical strategies.

The text is written for newcomers to the vascular surgical field, for surgical
trainees, and for all doctors who treat emergent vascular surgical patients in
the emergency department. We believe the hands-on approach and the practi-
cal tips will be appreciated by these readers in the clinical situation, and we
hope the book may also serve as a quick review before a physician takes care of
a case. Medical students during surgical clerkships might find parts of the
book valuable, as will experienced vascular surgeons.

The book is organized into two sections: specific body areas and general
concepts. The former covers the body from head to toe and includes separate
chapters for injuries and for nontraumatic disease. In the second part, some
general principles related to emergency vascular surgical practice are dis-
cussed. Management of complications is difficult to cover in a book of this
scope, so the principles given in the chapter pertaining to this area are not very
detailed. The final chapter gives general vascular surgical guidelines for the
inexperienced surgeon.

All chapters are organized the same way. They start with a brief background
that aims to motivate the reader and give an idea of incidence and pathophysi-
ology. The rest of the chapter follows the patient’s course through the hospital:
The clinical presentation is followed by suggestions for work-up and diagnosis,
and the next part concerns management and treatment — emergency treat-
ment, selection of patients for emergency surgery, and ways to perform com-
mon vascular surgical procedures. Technical tips on complicated procedures
are also provided. Finally, the chapters end with a brief summary on manage-
ment after treatment, with some examples of outcome and results. Most chap-
ters also contain illustrations to facilitate the technical description of the surgi-
cal procedures and notes to highlight particularly important aspects. A few
references for further reading are also suggested; they have been selected to
give a better understanding of the issues and do not necessarily refer to infor-
mation given in the text.

The authors would like to acknowledge and thank a number of people in-
volved in the writing of this book. First, we are grateful to the initial authors of
the Swedish book from 1998 that gave us the idea to expand its contents and
write an English version of it. Thank you all for letting us continue in this
direction. We are also very grateful to all the residents, vascular trainees, and
vascular surgeons who have read chapters and given us valuable suggestions on



how to improve the content and structure. Last but not least, we acknowledge
the secretaries Annika Johansson and Synnove Nordstrom for all of their help
with this project.

Eric Wahlberg

Pér Olofsson

Jerry Goldstone

Stockholm and Cleveland 2007
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| BN Summary

B Severe vascular injury after blunt neck
trauma can be present even in the absence
of clinical signs.

B Beliberal with duplex or angiography after
blunt trauma when cervical vessel injuries
cannot be ruled out.

B Associated injuries on the cervical spine,
airway, and digestive tract must always be
considered.

B Always stabilize the neck of patients in all
types of severe cervical trauma until the
entire spectrum of injuries is known.

B If the patient is stable angiography should
always be performed in penetrating inju-
ries to zones I and III.

B If available, duplex or angiography is rec-
ommended in zone II injuries in order to
select between conservative and surgical
management.

M2 Background

Traumatic injuries to the cervical vessels are rela-
tively uncommon and constitute only about 5-10%
of all vascular injuries. In about 25% of patients
with blunt head and neck trauma, the cervical ves-
sels are involved. The most common mechanism
is penetrating injuries, but the incidence of blunt
vascular trauma is probably underestimated be-
cause related symptoms are often vague and not
recognized. The patients are mostly young, and
despite the low incidence, mortality and morbidity
are very high. Mortality is, in most series, between
5% and 40%, and persistent neurological conse-
quences are reported in up to 80% of patients.
Mortality is not only caused by massive bleeding



Chapter 1

and cerebral ischemia due to embolization or
thrombotic occlusion associated with the vascular
injury, but also secondary damage to the aerodi-
gestive tract (e.g., airway compression from a large
expanding hematoma).

The anatomical location and the often complex
associated injuries make traumatic cervical vascu-
lar injuries extremely challenging.

. 1.2.1 Causes and Mechanism

1.2.1.1 Penetrating Trauma

The most common mechanism for cervical vascu-
lar injuries is penetrating trauma. As shown in
Table 1.1, the common carotid is the most fre-
quently injured major artery. The type of penetrat-
ing trauma is most often stab wounds by knives,
but other mechanisms are high- or low-velocity
projectile and gunshot wounds, and bone frag-
ments from fractures. High-velocity penetrating
trauma can also cause secondary “blunt” injuries
by a shock wave.

1.2.1.2 BluntTrauma
Blunt trauma to the cervical vessels is thought to
be less than 0.5% of all blunt traumas to the body;,
but recent reports indicate that many blunt vascu-
lar injuries go undetected.

Table 1.1. Frequency of vessel and associated organ
injuries in penetrating injuries to the neck

Site of injury

Major vessels

Arteries Common carotid artery 73%

(10-15%) Internal carotid artery 22%
External carotid artery 5%

Veins External jugular 50%

(15-25%) Internal jugular 50%

Other organs

Digestive tract 5-15%

Airway 4-12%

Major nerves 3-8%

No involvement  40%

of important

structures

Vascular Injuries to the Neck

The internal carotid artery is involved in more
than 90% of these injuries, most commonly its
distal parts. Three to ten percent of all carotid
injuries are caused by blunt trauma. The true inci-
dence is unknown, but a few reports cite figures
in the range of 0.1-1.1% of all blunt head and neck
injuries. The variation is related to the type of
study performed and methodology used; some
studies are retrospective, while others use screen-
ing with angiography or computed tomography
(CT). Blunt carotid injuries occur in motor vehi-
cle, industrial accidents or after assaults. Injuries
to the vertebral artery are less common because
they are well protected by osseous structures. In-
juries to the vertebral arteries are most commonly
caused by intraoral trauma dislocated fractures or
penetrating trauma. The mechanisms are the same
as in the internal carotid artery.

The mechanism of injury is either a direct
blow or hyperextension and rotation of the neck.
In the latter type, the internal carotid artery is
stretched over the body of the C2 vertebra and
the transverse process of C3, which causes an inti-
mal flap with subsequent risk for embolism or dis-
section and thrombotic occlusion. Other conse-
quences are development of a pseudoaneurysm
or, in rare cases, even complete disruption of the
internal carotid at the base of the skull. In some
reports, up to 50% of patients are reported to have
bilateral vascular injuries after blunt trauma to the
neck. Carotid dissection is also reported to occur
after minor head and neck trauma, and to be
associated with activities such as unaccustomed
physical exercise; “heading” a soccer ball and
childbirth.

Il 1.3 Clinical Presentation

Common to all neck trauma is that many patients
with severe vascular or other injuries present with
a clinical picture deceptively lacking obvious
symptoms and signs of their injuries. Further-
more, significant associated intracranial lesions,
multiple organ injuries, and alcohol or drug in-
toxication often confuse the clinical picture. The
history and clinical examination must be per-
formed with a high level of suspicion in order to
achieve a good platform for the diagnostic evalua-
tion and management.



L .3.1 Medical History

Knowing the mechanism of injury can provide
important clues to the type of and potential vascu-
lar injury. Information about the type and extent
of trauma should be obtained from the patient,
paramedics, or relatives. In penetrating injuries,
information about external bleeding is important:
the magnitude and volume (brisk and pulsating or
oozing), the color (dark venous or bright arterial),
and the duration (initial but stopped or ongoing).
In cases of brisk bleeding, injuries to the carotid
artery or larger veins are likely. Symptoms of hy-
povolemia or shock during the course from inci-
dent to admission indicate significant blood loss.
Respiratory problems indicates the presence of a
large hematoma compressing the airway, which
could require immediate attention and manage-
ment. A history of a symptom-free interval of

1.3 Clinical Presentation

hours or days from the injury to the appearance
of neurological symptoms is common after blunt
carotid trauma. A frequent type of symptom is a
typical transient ischemic attack but complete
stroke or amaurosis fugax also occurs.

Because the carotid is the most common in-
jured artery, it is essential to assess the patient’s
mental status, including possible alterations dur-
ing transport as well as transient, progressive, or
permanent focal neurological changes. It is also
important to inquire about symptoms related to
associated cranial nerve injuries (see Table 1.2).

Difficulties or pain with swallowing suggest
an esophageal injury and should increase the sus-
picion for associated vascular injuries. In blunt
carotid injuries, headache and/or cervical pain
are the most common symptoms, followed by
symptoms indicating cerebral or retinal ischemia
(see Table 1.3). Neck wounds or bleeding from the

Table 1.2. Examples of findings and symptoms in neck injuries

Injury type Signs

Vascular penetration

Symptoms

Artery or vein
Carotid or vertebral

Bleeding with tracheal
compression

Embolization

Arteriovenous fistula

Cranial nerves

Glossopharyngeal nerve IX

Vagal nerve X
Accessory nerve XI
Hypoglossal nerve XII

Aerodigestive tract

Mandibular fracture

Bleeding, hematoma, swelling
Horner’s syndrome?

Stridor, supraclavicular
and intercostal retractions

Hemiplegia/hemiparesis

Bruit or thrill

Pharyngeal paresis, soft palate
hanging down

Vocal cord paresis

Unable to shrug the shoulders

Tongue deviation toward
the injured side

Subcutaneous emphysema

Hemoptysis

Tenderness

Bleeding, pain
Hanging eye lid, headache
Dyspnea

Weakness, numbness

Swelling

Difficulty swallowing

Hoarseness
Weakness
Difficulty swallowing

Shortness of breath. Difficulty
or pain with swallowing

Pain, difficulty speaking

# Caused by disruption of the blood supply (vasa vasorum) to the superior cervical ganglion or by direct injury to the

sympathetic nerve plexus
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Table 1.3. Consequences of blunt injuries to the carotid artery

Type of injury Mechanism Consequences Symptoms/signs
Direct blow Rupture Hematoma Swelling and respiratory problems
Pseudoaneurysms Bruit, swelling
Intimal tear Thrombosis Stroke, focal neurology
Rotation-extension Intimal tear Dissection Stroke, focal neurology
Thrombosis Stroke, focal neurology

mouth, nose, or ears after severe blunt cervical
trauma may be associated with injuries to the ver-
tebral artery.

M 1.3.2 Clinical Signs

A penetrating injury is usually obvious at inspec-
tion of an open wound with signs of recent or on-
going bleeding. A “sucking wound” suggesting a
connection with the aerodigestive tract indicates
an increased risk for “proximity” injuries to the
major cervical arteries (i.e., the vertebral arteries).
Even minor external signs of penetrating trauma
can be associated with a severe underlying vascu-
lar injury. One example is the expanding hemato-
ma. The reverse however, is also possible - a large
hematoma compressing adjacent structures har-
bored by the stiff fascial layers of the neck but
undetectable at inspection. Sometimes signs of
airway obstruction reveal such injuries. Signs and
symptoms of penetrating cervical vascular trauma
are summarized in Table 1.2.

Half of the patients with significant blunt vas-
cular injuries to the neck lack symptoms at admis-
sion but develop symptoms and signs within 24 h.
In blunt trauma, it is therefore important to per-
form a careful neurological examination at admis-
sion to obtain a baseline for later comparisons at
the mandatory repeated examinations. The neu-
rological evaluation should seek signs of central as
well as peripheral nerve injuries — alertness, motor
and sensory function, reflexes in the extremities
- as well as signs of cranial nerve dysfunction (Ta-
ble 1.2). It is important to thoroughly inspect for
signs of contusion, asymmetry, or deformity that
indicate underlying hematomas and to note the
hematoma size for later estimation of possible
expansion. Other physical findings indicating a

vascular injury are tenderness over the carotid
artery and in the scalp. The most common associ-
ated injury is fracture of the mandible.

NOTE
The physical examination can be negative
despite severe vascular injury after blunt
cervical trauma.

Mia Diagnostics
N 1.4.1 Penetrating Trauma

The location of penetrating cervical injuries are
generally divided into three different zones that
are helpful for planning the diagnostic work-up
and management (Fig. 1.1). It is therefore impor-
tant to classify the localization of the injury into
zones according to this subdivision. The rationale
for this lies in difficulties achieving proximal con-
trol in zone I injuries and distal control in zone III.
Exploration and the possibility of obtaining con-
trol are much easier in zone II injuries.

Patients with “hard signs” of major vessel inju-
ry - shock, active brisk bleeding, rapidly expand-
ing hematoma (for discussion about the definition
of “expanding hematoma,” see Chapter 12, p. 149)
- and those with neurological deficit or severe
airway obstruction should be transported to the
operating room for immediate exploration and
treatment.

Patients with “soft signs” of major vessel injury
- history of bleeding, stable hematoma, and/or
cranial nerve injury - usually need further work-
up. This is also true for patients who don’t have
signs, but who have an injury in proximity to ma-
jor vessels. This group constitutes the majority of
penetrating neck injuries. The following recom-



Fig. 1.1. Division of the neck into three zones aids in
the management of penetrating cervical vascular inju-
ries (Monson DO, Saletta JD, Freeark RJ. Carotid-verte-
bral trauma. J Trauma 1969; 9:987-999). Zone | extends
inferiorly from 1 cm above the manubrium to include
the thoracic outlet; zone Il extends from the upper limit
of zone | to the angle of the mandible; and zone Il is
between the angle of the mandible and the base of the
skull

mendations have been generally accepted in these
cases:

Zones I and III: With the exception of unstable
patients, angiography is always indicated. The
goals are detecting injury, planning an operation
possibly requiring special exposures (e.g., intra-
thoracic clamping), and excluding indications for
operation.

Zone II: Injuries penetrating the platysma in
this zone require surgical exploration to identify
and treat vascular injuries as well as injuries to the
aerodigestive tract unless the patient is asymp-
tomatic and angiography, duplex ultrasound, and
CT have ruled out such injuries.

Duplex ultrasound in the hands of an experi-
enced examiner has been shown to be consistent
with angiography findings in more than 90% of
cases. It can reveal dissections, thrombotic occlu-
sion, intimal flaps, pseudoaneurysms, and hema-

1.4 Diagnostics

tomas. Altered flow patterns indicating high resis-
tance or abnormal turbulence can be associated
with a lesion distally in the internal carotid artery.
The developing experience of the duplex technique
has prompted a policy change in some hospitals,
and duplex ultrasound is used as the primary
diagnostic tool for all injuries in stable patients.
This examination is performed prior to the deci-
sion about angiography or surgical exploration
and irrespective of anatomic zone. In some cen-
ters, therapeutic decisions are based on thin-slice
high-speed CT scans instead.

Gunshot wounds deserve special comment. All
patients with such injuries should be screened
with angiography or duplex ultrasound. Because
associated injuries are common, CT scanning of
the head, surgical spine, and aerodigestive tract
should also be included in the diagnostic work-

up.

NOTE
Injuries not penetrating the platysma
need no further vascular evaluation.

. 1.4.2 Blunt Trauma

The diagnosis of vascular injuries after blunt trau-
ma is much more challenging. As previously not-
ed, clinical signs and symptoms are frequently
subtle or absent, and initial transient or late neu-
rological deficits are common. The most com-
monly injured vascular segment is the distal inter-
nal carotid artery. Dissection, with varying de-
grees of luminal narrowing, is the most common
injury. Other types are pseudoaneurysm or even
total transection of the artery with free extravasa-
tion. If an expert ultrasonographer is available,
duplex ultrasound can be considered as a primary
screening method, but a negative study cannot be
relied upon to exclude the presence of a clinically
significant injury. For all other patients, the rec-
ommendation is angiography as the first option,
as it is still the gold standard.

In all patients with basilar skull fractures, un-
stable cervical spine fractures, Horner’s syndrome,
or LeFort-II or-III facial fractures, recent studies
advocate a more aggressive attitude with angio-
graphic screening for blunt carotid injuries. Extra-
cranial carotid injuries are also reported to be
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Fig. 1.2. Angiography showing a dissection of the
internal carotid artery resulting in a narrowing of the
lumen with the typical “string sign” appearance (ar-
rows)

more common in patients with a Glasgow coma
scale of 8 or less and thoracic injury. A typical
finding at angiography in caroid dissection is a
stenosis, irregular and often tapered, beginning
2 or 3-cm distal to the bifurcation and often ex-
tending up to the base of the skull, above which it
is abruptly reconstituted with a normal lumen.
Occasionally a typical “string sign” can be seen in
the stenosed segment (Fig. 1.2).

CT is not reliable for diagnosing blunt cervical
vascular injuries. CT angiography is under devel-
opment and is likely to play a greater role in the
future. It has the advantage of short examination
times and concurrent diagnosis of other injuries,
such as brain injuries and skull or facial fractures.
Magnetic resonance imaging (MRI) has a high
sensitivity and specificity in relation to angiogra-
phy (95% and 99%, respectively) for detecting
blunt carotid injuries, as does MR angiography
(84% and 99%), but both are time-consuming and
complicate monitoring and resuscitation of the
critically injured patient.

Vascular Injuries to the Neck

NOTE
A patient with neck trauma and a possible
vascular injury who is stable, has stabi-
lized after resuscitation, or has a trans-
cervical gunshot injury should undergo
a selective aortic arch angiography.

M is Management and Treatment
N 1.5.1 Management Before Treatment

1.5.1.1 Management in the
Emergency Department

As with other major trauma, the Advanced Trau-
ma Life Support guidelines should be followed for
severe cervical vascular injuries. Consequently,
airway and respiration have first priority, followed
by control of bleeding. Control of bleeding is best
achieved by external finger or manual compres-
sion applied directly to the bleeding site. Blindly
applied clamps should not be attempted because of
the risk of iatrogenic injuries to blood vessels as
well as to other organs.

Resuscitation to hemodynamic stability is im-
portant. Hypertension may increase bleeding and
also induce progress of a dissection, while hypo-
tension will increase the risk for thrombosis and
cerebral malperfusion.

1.5.1.2 Airway Obstruction
Patients with neck trauma and airway obstruction
require meticulous management and close co-
operation with the anesthesiologist. Intubation
should be performed in an anesthetized patient to
avoid gagging, which might discharge clots and
thus cause profuse bleeding or embolization. Cau-
tion should also be taken when the patient’s neck
is flexed at the intubation because of the risk of
associated cervical vertebral fractures. There is an
obvious risk for dislocation and spinal injury. The
intubation might also be technically challenging
because a large hematoma might cause total com-
pression of the trachea. Emergency tracheotomy
or coniotomy is then the only alternative, but it
may also be complicated by the deranged anatomy
and risk of bleeding. The risk of profuse uncon-
trolled bleeding is greatest if the hematoma is
located on the anterior aspect of the neck because
the tamponade will be immediately lost when the



pretracheal fascia is incised. By using liberal intu-
bation early on and under controlled conditions,
such situations could be avoided.

1.5.1.3 Immediate Operation
or Further Diagnostic Work-up?

The surgeon has to decide in the emergency de-

partment whether the patient requires immediate

operation, further diagnostic examination, or
continued observation.

It is important to emphasize that although
standard teaching has been that exploration is re-
quired for all zone-II injuries that penetrate the
platysma, as well as for gunshot wounds that cross
the midline, the availability of better diagnostic
modalities has permitted the use of selective ex-
ploration protocols.

The following recommendations are given for
this initial selection:

1. Immediate operation is indicated for unstable
patients with active bleeding not responsive to
vigorous resuscitation or with rapidly expand-
ing hematoma or airway obstruction, irrespec-
tive of anatomical zone.

2. Injuries in zone I not penetrating the platysma
need no further examination.

3. All others require further diagnostic evalua-
tion with angiography, duplex ultrasound, and
CT to determine whether critical structures
have been injured. If angiography or high-qual-
ity duplex ultrasound is not available, injuries
in zone II need to be surgically explored.

Depending on the results of these diagnostic stud-
ies, the following general recommendations can be
given regarding management of vascular injuries.
Repair is recommended in all patients with
penetrating carotid injuries when there is still evi-
dence of prograde flow and the patient has no ma-
jor neurological symptoms. For minor injuries to
the carotid artery, including those with small but
adherent intimal flaps, defects, or pseudoaneu-
rysms <5 mm in size, repair is recommended in
symptomatic patients. If the patient is asymptom-
atic and there is no ongoing active bleeding, a con-
servative approach has proven to be a safe alter-
native. The patient needs to be followed on an
inpatient basis for a couple of days to monitor for
the appearance of neurological symptoms. Liberal
indications for repeated duplex examination are

1.5 Management and Treatment

employed. Anticoagulation therapy, antiplatelet
therapy, or both should also be initiated.

Management of significant carotid artery in-
jury existing with major neurological deficit and
coma is controversial. Some surgeons suggest only
observation and palliation, especially in patients
with CT-verified cerebral infarction, because of
the poor prognosis. Others advocate repair. This
standpoint is based on the difficulties of deciding
whether the vascular trauma, cerebral contusion,
or drugs caused the coma. Some reports, however,
indicate a possibility of better outcome after ex-
ploration and repair.

When the carotid artery is occluded and there
are no neurological symptoms, observation and
anticoagulation with heparin followed by 3 to
6-months of coumadin is a general treatment
irrespective of the type of trauma. In patients
with major neurological symptoms and a verified
infarction on CT, anticoagulation is associated
with a considerable risk for bleeding. The patients
prognosis is then poor, and palliation is recom-
mended.

In blunt trauma, indications for exploration
and open repair are rarer due to the mostly distal
location of injuries to the internal carotid artery.
For asymptomatic injuries, including dissection,
anticoagulation is usually the only treatment need-
ed and is indicated to prevent thrombosis of the
injured segment and/or embolization from it. Only
injuries that after angiography appear to be easily
accessible during surgery and are symptomatic
should be considered for repair. This is particu-
larly important when there appears to be a high
risk for embolization. In patients with decreased
consciousness having an occluded internal carotid
artery after blunt trauma and with no, or with se-
vere, neurological symptoms, most reports advo-
cate only observation without surgical exploration.
As already mentioned, however, some do recom-
mend a more aggressive approach. This strategy
requires extensive experience in carotid surgery.

1.5.1.4 Which Patients Can Be Safely
Transported?
Because cervical vascular injuries often require an
experienced vascular surgeon, a thoracic surgeon,
an endovascular specialist, and frequently also a
specialist in head and neck surgery, some patients
would benefit from being transported to a hospital
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where such expertise is available. A stable patient
can be transported to another hospital after intu-
bation, or with readiness for emergency intubation
in the ambulance, with no major risks. An unsta-
ble patient should, of course, remain where he or
she is.

. 1.5.2 Operation

1.5.2.1 Preoperative Preparation
and Proximal Control
The management of patients with major external
bleeding is mostly related to penetrating injuries
to the carotid artery. Surgical exposure of this
artery is described in the Technical Tips box. It is
important to prepare and drape the patient for
possible median sternotomy, which might be nec-
essary to obtain proximal control. Bleeding can
usually be controlled by external compression by a
gloved finger during the preparation and until the
complete surgical team is at hand. In the rare and
challenging circumstance in which this is impos-
sible, a nonspecialist surgeon might be forced to
attempt exposure and control of the artery proxi-
mal to the injury through a separate incision with
continued external finger compression over the
lesion by an assistant. During control by direct
finger compression of the artery, care must be
taken to minimize manipulation because of the
risk of thrombus fragmentation and embolization.
Compression also needs to be balanced with the
desire to maintain flow in the artery. Clamping
the common or internal carotid artery for control
might be necessary but should be avoided unless
the patient’s condition is life-threatening. The rea-
son for this is the risk of embolization and cerebral
ischemia due to interrupted flow. Inserting a shunt
may be the only way to avoid a major stroke; the
risk of major stroke in this patient category after
carotid clamping may be as high as 50%. Shunting
usually requires proximal and distal control,
arteriotomy, and possibly also extraction of the
thrombus before inserting the shunt. Extracting a
thrombus requires a delicate technique and spe-
cial consideration because it can easily be frag-
mented and dislodged as embolic masses. The
safest way is to use traction with forceps and/or
suction. If the extraction is followed by brisk back-
flow, the result is satisfactory. The use of throm-

Vascular Injuries to the Neck

bectomy catheters is not recommended because of
the risks of mechanical disruption of the throm-
bus and bringing fragments up into the circle of
Willis. Clamping of the external carotid artery is,
on the other hand, almost always safe and can be
used more liberally.

TECHNICAL TIPS

An incision anterior and parallel to the anterior
border of the sternocleidomastoid muscle is
recommended (Fig. 1.3). The incision can be ex-
tended dorsal to the ear and down to the sternal
notch. As previously noted, preparations need
to have been made to allow elongation of the
incision into a median sternotomy in order to
obtain proximal control of, for instance, the bra-
chiocephalic trunk on the right side or the com-
mon carotid on the left. After the skin has been
incised, subcutaneous fat is divided and, if need-
ed, the external jugular vein ligated and divided.
The sternocleidomastoid muscle is retracted
posteriorly, and a dissection plane anterior to
the muscle is identified. The next structure to
identify is usually the facial vein and its conflu-
ence to the internal jugular vein. The former is
suture-ligated and divided and is usually a very
good landmark because it is located just above
the carotid bifurcation. Dividing this vein allows
posterior retraction of the internal jugular vein
and exposure of the common carotid and its
bifurcation. When preparing the carotid arteries,
extreme care must be taken to avoid squeezing
of the vessel, and other types of operative ma-
nipulation or trauma because of the risk of em-
bolization to the brain. Vessel loops are applied,
and the most cranial clamp is applied first to
avoid embolization when the more proximal
parts are clamped. Important structures to pro-
tect are the hypoglossal and vagus nerves. The
former usually crosses over the internal carotid
artery 2-3 cm cranial to the bifurcation and is
best exposed after cranial retraction of the di-
gastric muscle. The latter runs parallel and dorsal
to the common carotid artery. The cervical ansa,
often located obliquely over the carotid bifur-
cation, can be divided to facilitate exposure. .
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Fig. 1.3 a Recommended incision for exposure of the
carotid arteries, anterior and parallel to the anterior
border of the sternocleidomastoid muscle. The incision
can be extended into a median sternotomy or cranially

1.5.2.2 Exposure and Repair
For larger arterial injuries, proximal and distal
control is mandatory. This always requires an in-
direct assessment of the cerebral perfusion by
checking the backflow from the internal carotid
artery. Measuring the stump pressure in the inter-
nal carotid artery is recommended if there is
sufficient time. This is obtained by first clamping
the common and external carotid arteries and
then puncturing the internal carotid artery with

a small-caliber injection needle connected to a

catheter filled with saline and a pressure trans-

ducer. If the backflow is poor or the mean stump
pressure is <50 mmHg, shunting is probably nec-
essary.

Different repair techniques include the follow-
ing:

B Simple suture: Simple sutures are mostly suffi-
cient in minor penetrating injuries or small
pseudoaneurysms.

B Patch: A patch can be used for a minor wall de-
fect or to compensate for diameter loss after
arteriotomy and intimal repair.

Internal
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dorsal to the ear. b The normal anatomy and relations
between major arteries, veins, and important nerve
structures at exposure of the carotid and jugular ves-
sels

B Resection with end-to-end anastomosis: This is
possible in limited injuries requiring minor re-
sections, allowing an anastomosis without any
tension.

B Resection with an interposition graft: When
larger segments must be excised because of the
injury, continuity might be restored with an au-
tologous vein graft harvested from the greater
saphenous vein or with prosthetic grafts for un-
contaminated wounds.

B Transposition of external to internal carotid
artery: This is a good alternative in special cas-
es in which vein grafts are unavailable.

B Ligation or balloon occlusion: Ligation should
be reserved for inaccessible injuries that are im-
possible to repair. In cases with very distal inju-
ries to the internal carotid artery, even ligation
might be difficult. An occluding balloon cath-
eter can then be inserted into the artery at the
base of the skull and insufflated until bleeding
stops. The balloon catheter can be left in place
for 1 to 2 days or more and then be deflated and
removed.
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1.5.2.3 Exploration of Minor Injuries

and Hematomas
A patient with an injury penetrating the platysma
in anatomical zone IT without a history of bleeding
may be explored by extending the traumatic skin
wound to allow inspection of the injured area,
including vessels, trachea, and esophagus. If, how-
ever, duplex ultrasound or angiography excludes
a major vascular injury, there is no vascular indi-
cation for exploration. Patients with a history of
significant bleeding as well as those with large
hematomas should be treated according to what
has been described above for proximal control,
before exploring the wound and evacuating the
hematoma.

1.5.2.4 Injuries to the Vertebral Artery

Due to its relatively inaccessible location, injuries
to the vertebral artery in the cervical region are
usually best treated by modern endovascular
techniques. The options are intraluminal covered
stents or endovascular embolization with coil. Be-
sides bleeding and hematomas, pseudoaneurysms
and arteriovenous fistulas can occur after verte-
bral artery trauma and also be successfully treated
by transcatheter embolization. In unstable pa-
tients with life-threatening bleeding, immediate
intervention with proximal and distal ligation
might be necessary.

1.5.2.5 Venous Injury

Major venous injuries in the neck are almost ex-
clusively seen after penetrating trauma. The most
commonly injured veins are the external and in-
ternal jugular. Due to the low pressure in veins,
many such injuries are never recognized. Isolated
venous injuries consequently rarely need explora-
tion or repair. Venous injuries encountered during
exploration of a neck injury can be treated either
by repair using simple or running sutures or by
ligation. In bilateral injuries to the internal jugular
veins, however, reconstruction of one of the sides
is indicated to avoid severe venous hypertension.
As in all other types of venous surgery, gentle and
meticulous technique must be applied and caution
taken not to extend the injuries to the veins by a
traumatic technique. (See Chapter 15 on vascular
surgical technique.)
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1.5.2.6 Endovascular Treatment

Asalready described in sections 1.5.2.2and 1.5.2.4,
endovascular technique is an alternative to con-
sider in some cervical vascular injuries. Endovas-
cular treatment is the first option in injuries to the
vertebral artery due to its location and surgical in-
accessibility. The application of detachable bal-
loons, coils, stents, or hemostatic agents is usually
successful for managing bleeding, aneurysms, and
fistulas. Endovascular techniques have also been
reported to be successful for managing some ca-
rotid artery injuries (such as traumatic lacera-
tions), pseudoaneurysms, and injuries in some
noncritical and small terminal branches. If endo-
vascular occlusion of an internal carotid artery is
considered in severe traumatic injuries, the neuro-
logic effect of a temporary occlusion should be
evaluated prior to occlusion. It is reasonable to be-
lieve that the endovascular treatment option will
become even more useful in the near future.

W 153 Management After Treatment

As in elective carotid surgery, monitoring and cor-
recting blood pressure is important to minimize
risks for bleeding and cerebral complications.
Most common are thrombosis and reperfusion
problems. Acceptable postoperative systolic blood
pressure limits are 100-180 mmHg.

The patient should be checked for clinical signs
and symptoms of embolization, and if emboliza-
tion is suspected, the operated artery should be
checked with ultrasound for complications that
might need urgent repair.

Antiplatelet and/or anticoagulation therapy
should be considered to maintain patency in re-
constructed arteries and to avoid thrombosis in
bluntly injured but still patent vessels.

Traumatic and surgical wounds should be
checked for signs of a developing hematoma and
infection. The latter is particularly important in
contaminated wounds and when repair has in-
cluded the use of prosthetic material. Antibiotic
treatment should be given liberally to avoid the
development of severe deep infections in penetrat-
ing cervical injuries. For the same reason, meticu-
lous wound care is important.
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Table 1.4. Stroke and mortality rates after different grades of blunt carotid and vertebral artery injuries. (From
Biffl et al. Ann Surg 2002; 235: 699-707)

Injury grade/description Carotid artery injury Vertebral artery injury
Stroke Stroke
I Luminal irregularity 3% 11% 19% 31%
or dissection, <25%
narrowing
11 Dissection or intramural 11% 11% 40% 0
hematoma, >25%
narrowing or intraluminal
thrombus or raised intimal flap
III  Pseudoaneurysm 33% 11% 13% 13%
v Occlusion 44% 22% 33% 11%
A% Transection and free extravasation 100% 100% - -

. 1.5.4 Results and Outcome

Several authors report better results after repair of
penetrating injuries to the carotid artery com-
pared with ligation, with regard to neurological
outcome (44% vs. 16% neurologically intact) and
mortality (5% vs. 11%).

The results of conservative treatment of carotid
dissection, the most common type of injury after
blunt trauma, are generally good with duplex-veri-
fied resorption of intramural hematoma within
3 months of anticoagulation. The key to this is
early detection, preferably before the onset of
symptoms, and institution of a heparin infu-
sion followed by oral anticoagulation for at least
3 months. Table 1.4 above summarizes the experi-
ence of Biffl and colleagues at Brown Medical
School (Rhode Island Hospital, Providence, RI,
USA) from 109-patients with carotid injuries.

Recent series report good results in managing
cervical vascular injuries, irrespective of zone,
with only careful physical examination, but the
general impression is that it is too early to elimi-
nate angiography and duplex ultrasound from the
work-up.

As seen, there is a correlation between the inci-
dence of stroke and mortality in carotid injuries
that is not found in injuries to the vertebral artery
and the posterior circulation. Overall mortality
after vertebral artery injuries seems to be around
20%, but this is usually in patients with a combi-

nation of other major injuries. Mortality directly
related to vertebral artery injuries has been report-
ed to be as low as 4%.
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M 2. Summary

B Always exclude injuries to the great
thoracic aortic branches after injury to the
cervical, clavikular and thoracic regions

B One third of patients who survive thoracic
vascular trauma has minor or lack external
signs of thoracic injury.

B A plain chest X-ray shall be performed
in all patients with thoracic injuries

B Moderate restoration of BP to 100-
120 mmHg is advisable to avoid rebleed-
ing

B Be liberal with insertion of a chest tube
in patients with moderate or severe hemo-
thorax

M2 Background

This chapter is focused on injuries to the intratho-
racic parts of the great aortic branches, from their
origin in the aortic arch to the thoracic outlet. It
also includes the retroclavicular vessels - the dis-
tal subclavian and the proximal axillary arteries.
These injuries are often difficult to diagnose and
distinguish from aortic arch injuries (i.e., injuries
to the aorta, the pulmonary vessels, and the heart
itself). Because cardiothoracic surgeons and not
vascular surgeons usually manage the latter, they
will not be covered here.

A vascular injury to this region of the body is
less common but is associated with high mortality.
Many patients die at the scene of the accident or
are in extremely bad condition at arrival in the
emergency department. Accordingly, they regu-
larly require immediate thoracotomy, but many
patients are stable and possible to work up and can
be treated without surgery. Most hospitals do not
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have a thoracic surgeon on call; therefore, these
patients are often initially managed by general
surgeons with limited experience in thoracic or
vascular surgical procedures. Basic information
about exposure and access routes and ways to
achieve proximal and distal control of intratho-
racic great vessels is important not only in this
situation but also to obtain proximal control of
bleeding vessels in cervical and proximal upper
extremity vascular injuries (these areas are dis-
cussed in Chapters 1 and 3). Good anatomical
knowledge, including that of common variations,
is critical, especially for the difficult exposures of
the subclavian and axillary vessels, such as when
the right subclavian artery originates directly
from the aortic arch or has a common trunk with
the right carotid artery.

NOTE
Anatomical aortic arch and branch
variations can be expected in 25-35%
of cases.

W 221 Magnitude of the Problem

The number of thoracic injuries (all types includ-
ed) is steadily increasing in the United States and
is estimated to be 12 per million inhabitants per
year. In penetrating neck and chest injuries, 3%
are associated with injuries to the subclavian and
axillary arteries, and in 20% of those injuries,
veins are also injured. In a meta-analysis of 2,642
civilian cases of penetrating thoracic trauma, the
incidence of great vessel injuries was 1% innomi-
nate artery, 5% subclavian, and 6% axillary artery
injuries. But because many patients die at the
scene, particularly after penetrating trauma, these
numbers are uncertain. Irrespective of the type of
injuries, trauma to the thoracic great vessels is
associated with a high mortality: 80-90% die at
the scene. The mortality among patients who
survive transport to the hospital is also high.

Patients with injuries in the distal parts of the
intrathoracic arteries have a better chance of sur-
vival because these vessels are covered with soft
tissue, providing better prerequisites for sponta-
neous tamponade.

More proximal injuries increase the risk for ex-
sanguination into the pleural cavities. Venous in-
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juries often remain unrecognized. Arteriograms
in patients with a widened mediastinum on plain
x-ray after thoracic trauma have been found to be
negative for arterial injuries in 85%; this suggests
that the mediastinal enlargement was caused
mainly by venous injury.

NOTE
Injuries to subclavian and axillary arteries
are most common after penetrating
trauma.

N 2.2,2 Etiology and Pathophysiology

2.2.2.1 Penetrating Trauma

Knife stabbings or missiles from firearms cause a
majority of injuries to the great vessels. In this
type of penetrating trauma, all intrathoracic ves-
sels are at risk of being injured. The extent of inju-
ries is related to aspects of the weapon, such as the
length of a knife or the velocity (high vs. low) and
caliber (small vs. large) of a gun. The innominate
artery is injured mostly by bullets from firearms.
Stab wounds by knives directed inferiorly into the
right clavicular region may also damage the in-
nominate artery. The same mechanisms are com-
mon for injuries to the subclavian and proximal
axillary arteries. Stab wounds are associated with
a better chance of survival than are injuries from
firearms, particularly shotguns. Blood loss after a
knife injury is often limited by a sealing mecha-
nism in the wound channel. Furthermore, if the
vascular injury is small, the adventitia also limits
the bleeding.

The development of hypotension is another
factor contributing to limited blood loss. Injuries
to the major blood vessels in the thoracic outlet are
always challenging because they are rare and tech-
nically difficult to expose and control. This is re-
flected in the high mortality reported in the litera-
ture.

2.2.2.2 BluntTrauma
Blunt trauma to the intrathoracic vessels occurs in
motor vehicle and industrial accidents and in falls
from heights. If it leads to total disruption of the
vessel, the patient will exsanguinate at the scene.
When the adventitia remains intact, the possibility



of survival is better. The mechanism is shear
caused by acceleration/deceleration or compres-
sion forces. Deceleration forces are associated with
injuries to the aorta but may also cause injuries to
the innominate artery. The innominate and com-
mon carotid artery might be exposed to shear
forces at their origin from compression of the an-
terior chest wall. The subclavian and axillary ar-
teries can also be injured by blunt trauma, and
then mostly in association with clavicle or 1st-rib
fractures. Other possible mechanisms are hyper-
extension combined with neck rotation, causing
tension and stretching of the contralateral subcla-
vian vessels. Alternative mechanisms include
stretching over the clavicle. Blunt injuries to the
subclavian artery after deceleration trauma are
rare. There are, however, some controversies re-
garding the association between 1st-rib fractures
and injuries to the subclavian vessels. Two series of
49 and 55 patients, respectively, reported an inci-
dence of 14% and 5% of vascular injuries in asso-
ciation with rib fractures. On the other hand, in a
large cohort of 466 patients only 0.4% was found.

NOTE
Injuries to large veins in the thoracic
outlet region are associated with a
risk of air embolism and if this occurs,
it significantly increases mortality.

B 2.3 Clinical Presentation
M 2.3.1 Medical History

The diagnosis is obvious in most cases of penetrat-
ing vascular trauma, but the following informa-
tion is important for management. In injuries
caused by a firearm, the type of weapon used
(shotgun, hand weapon, high or low velocity, small
or large caliber) and the distance from where it
was fired are relevant. For knife stabbings, the
blade length and size are important, as well as the
angle and direction in which it struck the body.
Stabbings directed inferiorly in the clavicular re-
gion or at the base of the neck are associated with
an increased risk for injuries to the innominate or
subclavian arteries.

In blunt trauma, information about the direc-
tion and localization of force, the velocity of the

2.3 Clinical Presentation

motor vehicle, use of a safety belt, or the height of
a fall can indicate the risk for intrathoracic vascu-
lar injuries.

When deciding whether immediate thoracoto-
my is needed, the course of transport and time
elapsed from injury to admission is always of
potential importance.

. 2.3.2 Clinical Signs

As in other vascular injuries, the following “hard
signs” strongly indicate severe vascular injury:
Severe bleeding

Shock or severe anemia

Expanding hematoma

Absent or weak peripheral pulses

Bruits

“Soft signs” that also indicate vascular injuries in-
clude the following:

B Local and stable hematoma

B Minor continuous bleeding

B Mild hypotension

B Proximity to large vessels

B Any periclavicular trauma

Injuries to the large vessels in the thorax are
frequently associated with injuries to the aero-
digestive tract. The following signs and symptoms
should alert the responsible surgeon to exclude
underlying severe vascular injuries:

Air bubbles in the wound

Respiratory distress

Subcutaneous emphysema

Hoarseness

Hemoptysis

Hematemesis

NOTE
Patients with periclavicular trauma should
always be suspected to have intrathoracic
great vessel injuries.

Intrathoracic injuries to the subclavian and axil-
lary arteries are associated with high mortality.
Like injuries to the thoracic aorta, the presenta-
tion varies widely, from a fairly stable to a more
extreme situation with massive bleeding and ex-
sanguination and death at the scene or during

17
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transport. The latter is more common after blunt
trauma that causes avulsion of great vessels and
penetrating trauma to the subclavian artery or
vein. The consequence of subclavian vessel injury
is bleeding into the pleural cavity with or without
air embolization. At arrival in the emergency de-
partment, a patient with a penetrating intratho-
racic vascular injury is typically hemodynamically
unstable, whereas a blunt vessel injury is not
always immediately apparent.

Blunt injuries to the innominate artery are rela-
tively rare, and 75% are combined with other inju-
ries such as rib fractures, flail chest, hemothorax
or pneumothorax, extremity or facial fractures, or
head or abdominal injuries in multitrauma cases.
Because there are no typical clinical signs or symp-
toms, diagnosis is difficult. The only frequent clin-
ical finding is that 50-70% of such patients have a
weak radial or brachial pulse. Distal extremity
ischemia is uncommon, however, due to good col-
lateral circulation in the shoulder region. This ex-
plains the possibility of having a palpable distal
pulse despite a severe proximal arterial injury.

The subclavian artery is usually injured by
direct trauma associated with first-rib or clavicu-
lar fractures that cause occlusion of the artery.
About half of the patients have a combined injury
to the brachial plexus. Accordingly, clinical signs
and symptoms indicating such neurological inju-
ries (see Chapter 3, p. 33) should increase the sus-
picion of injuries associated with the subclavian
artery.

2.3.2.1 Physical Examination

The entire thorax should be inspected for stab
wounds. It is important not to forget skin folds,
the axilla, or areas with thick hair. A penetrating
trauma to this region is always obvious at arrival
in the emergency department. It is also important
to remember that one-third of patients who sur-
vive blunt trauma and are taken to the emergency
department have minor or even no external signs
of thoracic injury.

A pulsatile mass or hematoma at the base of the
neck, with or without a bruit, indicates an injury
to the subclavian artery with leakage through the
vessel wall.

At physical examination, auscultation can re-
veal signs of hemothorax or pneumothorax. The
entire chest and back should be auscultated for
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bruits. A systolic bruit over the back and upper
chest usually indicates a false aneurysm in any of
the great intrathoracic vessels. A continuous bruit
indicates the presence of an arteriovenous fistula.

Peripheral pulses, including axillary, brachial,
and radial, should always be examined. They are
normal in about half of cases with significant
vessel injury. Absence of a radial pulse indicates a
injury to the axillary, subclavian, or innominate
arteries, causing occlusion, dissection, or emboli-
zation. The latter is occasionally caused by an em-
bolizing bullet.

A thorough neurological evaluation is also rel-
evant when considering the possibility of com-
bined brachial plexus and vascular injuries. The
absence of a radial pulse in combination with
Horner’s syndrome is suspicious for injury to the
subclavian artery.

Coma or major neurological deficits can also
occur as a consequence of injuries to the innomi-
nate and common carotid arteries leading to
occlusion or embolization and different levels of
cerebral ischemia. Therefore, it is important to
evaluate the patient’s mental status upon admis-
sion. The result influences the decision about if
and when to perform emergency surgical repair.
This evaluation may also be important during the
course of management as a baseline for later re-
evaluations.

The management and diagnostic work-up in
the emergency department are strongly related to
the condition in which the patient arrives. In these
types of injuries, the patient is often in an extreme
condition, requiring immediate transfer to the
operating room for an emergency thoracotomy
or other surgical repair. Thoracotomy may even
be indicated in the emergency department for a
dying patient.

NOTE
One-third of patients who survive blunt
thoracic vascular trauma have minor or
no external signs of thoracic injury.

M2 Diagnostics

At arrival, most patients are in a condition that
necessitates immediate transfer to the operating
room for surgical exploration and treatment. In



the remaining patients, the diagnostic work-up
depends on the type of trauma and the patient’s
condition. In a stable patient, such examinations
can provide information of great importance for
the management strategy. A good rule is not to
start time-consuming examinations while the
patient is still hemodynamically unstable.

In a stable patient, plain neck and chest x-rays
should always be done to see whether he or she has
any of the following:

Hemothorax or pneumothorax

Widened mediastinum

Irregular outline of the descending aorta
Tracheal dislocation

Blurring of the aortic knob

Dilatation of the aortic bulb

Presence of bullets or fracture fragments
Fractures in cervical vertebrae, clavicles, or ribs

Duplex examination has its limitations for detect-
ing injuries to the innominate and subclavian ar-
teries because of their deep intrathoracic location,
particularly in obese patients. It is also examiner-
dependent, but nowadays a first choice in many
centers. Transesophageal echocardiography may
be valuable for diagnosing aortic injuries, but less
so in injuries to the aortic branches.

Spiral computed tomography (CT) with intra-
venous contrast is mostly used to obtain informa-
tion about a missile’s direction and trajectory
through the body. The trajectory’s vicinity to great
vessels is important when selecting patients for
angiography. The modern multislice CT angio-
graphy has the potential to become an important
diagnostic tool for providing more detailed de-
scription of thoracic vascular injuries.

Angiography can be diagnostic as well as thera-
peutic. It reveals the presence and localization of
occlusions, bleeding, leakage, or pseudoaneu-
rysms as well as intimal tears. To detect potential
tears and other injuries in the innominate artery,
aortography should be performed with posterior
oblique projections. A bulbous dilatation at or just
distal to its origin and the visualization of an inti-
mal flap in the lumen indicate a tear injury to the
artery.

In subclavian injuries, a pseudoaneurysm or
occlusion can be found. It is important to remem-
ber that 10% of patients with innominate or sub-
clavian injuries also have other injuries to great

2.5 Management and Treatment

intrathoracic vessels, why it is important that the
angiography visualizes the entire thoracic aorta
and its branches. The endovascular treatment of
these injuries is discussed later in this chapter.

Chest tube placement should have liberal indi-
cations for diagnostic as well as therapeutic pur-
poses, as a chest tube can reveal the presence of
hemothorax or pneumothorax. The technique is
described in detail in the section on management
below.

NOTE
A plain chest x-ray should be performed
in all patients with thoracic trauma.

M 2s Management and Treatment
N 2.5.1 Management Before Treatment

2.5.1.1 Management in the
Emergency Department

Management of these often severely injured pa-
tients in shock follows the usual Advanced Trau-
ma Life Support principles of trauma resuscita-
tion. The first priority is always airway control
and resuscitation for hypovolemia. Injuries to the
great vessels in the thoracic outlet frequently re-
sult in expanding mediastinal hematoma, causing
tracheal compression and requiring emergency
endotracheal intubation.

1. Clear and maintain the airway.

2. Secure ventilation by endotracheal intubation

and 100% oxygen.

. Consider chest tube insertion.

4. Place two or three intravenous lines, preferably
in the legs and/or the opposite arm.

5. Support adequate circulation by rapid volume
replacement with 2.000-3.000 ml of a warm
balanced electrolyte solution and blood prod-
ucts.

6. Control bleeding. (See below.)

7. Consider putting the patient in Trendelenburg
position to avoid air embolism when major
venous injuries cannot be excluded.

8. Insert a Foley catheter.

w

As in patients with a ruptured abdominal aortic
aneurysm, resuscitation aims at keeping blood
pressure around 100-120-mmHg because of the
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risk of sudden massive rebleeding if the blood
pressure gets too high. Another event posing risk
for new bleeding during resuscitation is gagging
during endotracheal intubation or the insertion of
an esophageal tube.

If possible, obtain written consent from the pa-
tient or his or her family in case emergency sur-
gery is necessary. The surgical procedure that may
be required often includes clamping of central ar-
teries, the aorta, or the common carotids, with a
great risk for severe cerebral and spinal complica-
tions. Therefore, it is advisable to alert an experi-
enced thoracic and/or vascular surgeon for early
help with management.

NOTE
Moderate restoration of blood pressure
to 100-120 mmHg is advisable to avoid
rebleeding.

2.5.1.2 Patients in Extreme Shock
In this category are patients who, most commonly
after penetrating thoracic trauma, have lost con-
sciousness and present with no vital signs despite
resuscitation during the transport but who still
show activity on electrocardiography. Other pa-
tients in this category are those with acute thera-
py-resistant deterioration, those with severe and
persistent shock despite very rapid and aggressive
volume resuscitation (2.000-3.000 ml of fluids
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within minutes) and systolic blood pressure
<50 mmHg, and those who experience cardiac ar-
rest in the emergency department. These patients
are candidates for thoracotomy in the emergency
department, aiming at controlling bleeding by
manual compression, tamponade, or clamping.
This allows more effective resuscitation and is a
last lifesaving effort to improve these patients’
vital functions enough to allow transfer to the
operating room for immediate surgery.

In such an extreme situation, surgeons with no
or only limited experience in thoracotomy can be
forced to choose between the two ultimate alterna-
tives: to open the patient’s chest or to let him or her
die. The prognosis for such a patient is, irrespec-
tive of who is performing the thoracotomy, poor,
and the survival rate is only around 5%. This
should be weighed against the alternative, which is
100% mortality. More than 20% of patients with
injuries to subclavian and axillary vessels are in an
extreme condition with no vital signs or with im-
minent cardiac rest upon arrival to the emergency
department. These patients have a very poor prog-
nosis.

NOTE
Do not hesitate to perform a thoracotomy
in the emergency department on a patient
with persistent electrocardiographic
activity but with no detectable vital signs.



TECHNICAL TIPS

Start by determining the desired site of insertion.
The recommended site is the 4th or 5th intercostal
space, landmark the nipple level just anterior to
the midaxillary line, which is good for draining air
as well as blood. Scrub and drape the predeter-
mined area. Anesthetize the skin, intercostal mus-
cles, pleura, and rib periosteum locally (Fig. 2.1 a).
Make a 3 to 4 cm long skin incision over the
intercostal space, parallel to the ribs (Fig. 2.1b).
Bluntly dissect the subcutaneous tissue over the
cranial aspect of the rib to avoid the intercostal
vessels. Continue dissection down to the pleura,
preferably with a curved clamp or a finger. Then
puncture the parietal pleura with the tip of a
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clamp and then expand it with a gloved finger.
This is to take precautions against iatrogenic
injury to the lung (Fig. 2.1¢,d).

Insert a catheter (32-French or 36-French) with
the curved clamp and guide it with a finger. To
drain blood, it is best to direct it posterolaterally,
and to remove air, an apical position is preferred.

Correct intrapleural position is indicated by
“fogging” in the catheter during respiration and
when the first side hole is 1 to 2 cm inside the
chest wall. Connect the tube to a water-suction
device. Secure the tube with a separate suture,
and suture the skin.

Pectoralis major muscle

Fig. 2.1. Steps for chest tube insertion
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TECHNICAL TIPS

The patient must be intubated and ventilated.
Incise the skin from the sternum to the axillary
line along the upper border of the 5th rib on the
left side. In women, the submamillary groove is a
landmark. Continue cutting the muscles with
scissors or a scalpel all the way down to the pleu-
ra. Open the pleural sheath with a pair of scis-
sors. The opening should be as large as the hand.
One or two costal cartilages can be cut to obtain
better access through the thoracotomy. Follow
the aortic arch, pass the left subclavian artery
and pulmonary artery, and mobilize the heart
slightly to the right. Press the descending aorta
manually or with an aortic occluder against the
spine and try to achieve the best possible occlu-
sion. This occlusion is maintained under contin-
uous fluid resuscitation and while the patient is
transferred to the operating room. Alternatively,
place a Satinsky clamp just distal to the origin of
the left subclavian artery. The proximal blood
pressure must be kept <180 mmHg after clamp
placement, and it should be removed as soon
as possible.

The left subclavian artery is, in contrast to the
right, an intrapleural structure and can in most
cases be visualized relatively easy and directly
compressed with a finger, clamped, or packed. A
left-sided thoracotomy can be extended over to
the right, aiming at a higher interstitium. If, how-
ever, it is obvious that the injury is on the right
side, the thoracotomy should be performed on
that side. Severe right-sided intrathoracic bleed-
ing is best controlled by finger compression and
packing a tamponade in the apex of the right
pleural cavity, combined with heavy manual
compression in the right supraclavicular fossa.

If resuscitation fails despite adequate fluid
substitution and successful control of bleeding,
air embolism should be suspected if there are
injuries to large veins. Puncture and aspiration in
the right ventricle is diagnostic as well as thera-

peutic.
||
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Fig. 2.2. Incision for emergency anterolateral thora-
cotomy

2.5.1.3 Unstable Patients
Patients with blood pressure <50 mmHg and in
severe shock are candidates for immediate sur-
gery. A rapid infusion of 2-31 of a balanced elec-
trolyte solution over 10-15 min should be given,
aiming to keep blood pressure between 70 and
90 mmHg. It is probably important to keep this
level of blood pressure to avoid the risk of in-
creased bleeding associated with a higher blood
pressure. If the patient does not respond to this
volume replacement, he or she should be taken to
the operating room for immediate surgery.
Antibiotics covering staphylococci and strepto-
cocci should be administered according to the
local protocols. One suggestion is cephalosporins.
Analgesics, morphine 10 mg intravenously, and,
in penetrating injuries, prophylaxis against teta-
nus should also be administered.

2.5.1.4 Control of Bleeding
In penetrating injuries with continued external
bleeding, control is achieved by finger compres-
sion over the wound. A gloved finger can also be
inserted into the wound to compress the bleeding
and stop the outflow of blood. Another recom-
mended method is to insert a 24-French Foley
catheter into the wound tract and fill the balloon
with water or saline (Fig.2.3). The catheter is
clamped after insufflation of the balloon, and if



Fig. 2.3. Temporary balloon tamponade of bleeding
after penetrating injury to a major subclavian vessel.
A Foley catheter is gently inserted to the bottom of
the wound tract. After the balloon is filled with saline,
gentle traction is applied to the catheter, causing com-
pression of the vessels against the clavicle

the wound penetrates into the pleural cavity, it is
gently pulled so the balloon tamponades the pleu-
ral entrance. If external bleeding persists after this
maneuver, a second balloon can be inserted into
the wound and insufflated to stop external bleed-
ing from the wound tract. By applying some trac-
tion to the catheters, the balloon can also compress
injured vessels against the clavicle or the ribs.

If there are clinical indications or radiological
signs of moderate or large hemothorax, a chest
tube should be inserted for its evacuation. The ra-
tionale is that a hemothorax can contribute to con-
tinued intrathoracic bleeding and restrict ventila-
tion and venous return. Depending on the results
when the pleural cavity is drained, different ac-
tions can be taken. In an unstable patient, the fol-
lowing are considered strong indicators for emer-
gency thoracotomy:

B 1.500 ml of blood drained directly after inser-
tion of the tube
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B >300 mlblood drained through the tube within
an hour

B Deterioration of vital signs when the drain is
opened

Even in initially unstable patients, this strategy
with evacuation of hemothorax and volume re-
placement is often successful. It may allow enough
time to let the patient undergo emergency work-up
under close surveillance. Information obtained
from CT scanning and/or angiography facilitates
decisions regarding optimal positioning and
routes for exposure of the injury at final surgical
treatment (see section 2.5.2, p. 25-27). As de-
scribed below, in many situations this type of
management stabilizes the patient enough to allow
continued nonsurgical management.

NOTE
Be liberal with chest tube insertion
in patients with moderate or severe
hemothorax.

2.5.1.5 Stable Patients
Initial management is the same as described above
for unstable patients or patients in extreme shock,
as summarized in Table 2.1.
Diagnostic examinations in stable patients in-
clude repeat plain chest x-ray, angiography or du-
plex ultrasound under close surveillance. Also in
stable patients chest tubes should be placed on lib-
eral indications for evacuation and monitoring of
bleeding. The following indicate continued bleed-
ing and the possible need for surgical treatment:
B Deterioration of vital signs (i.e., hypotensive
reaction) when the drain is started
H 1.500-2.000 ml of blood within the first 4-8 h
B Drainage of blood exceeding 300 ml/h for more
than4h

B More than half of pleural cavity filled with
blood on x-ray despite a well functioning chest
tube

All of these factors may indicate thoracotomy
and should alert the surgeon to consider operation
and contact with a cardiothoracic surgeon when
needed.
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Table 2.1. Initial work-up and treatment of patients with thoracic outlet vascular injuries of different severity
(US ultrasound, CT computed tomography, ED emergency department, OR operating room)

Patient’s condition  Responds
to resuscitation
Extreme shock No No
Unstable No No
Yes Maybe
Stable Yes Maybe
Deteriorates No

after opening
chest drain

Treatment

Angiography

No No Emergency thoracotomy

in the ED

Emergency thoracotomy
in the OR or ED

As above or continued
non-op management
if only moderate injuries

No No

Maybe Yes

Maybe Yes Operative or nonoperative
management depending

on findings

No Maybe Emergency operation

in the OR

2.5.1.6 Nonsurgical Management

An initially unstable patient who responds well to
resuscitation and becomes stable, as well as stable
patients with a continued stable course, and with
no major vascular injury necessitating surgery
revealed at the work-up can often be managed by
blood transfusions, fluid replacement, and a chest
tube to drain a hemothorax.

The management of patients with major neuro-
logical deficits or coma is a matter of debate. Many
physicians argue that these patients are never
candidates for surgical intervention due to their
severe brain injury and poor prognosis. Others ar-
gue that vascular injuries should be repaired in all
of these cases because it is impossible to exclude
that the unconsciousness is related to some injury
other than a vascular one.

N 2.5.2 Operation

2.5.2.1 Preoperative Preparation
and Proximal Control
The patient is scrubbed and draped to allow inci-
sions from the neck down to at least the knee. In
an emergency situation without knowledge about
the exact injury site, the patient is best positioned
supine with the arms abducted 30°.

The aim of emergency thoracotomy in an un-
stable patient is primarily to control bleeding. This
can be achieved by surgeons without experience
in cardiothoracic surgery. Once control is accom-
plished, the repair can wait to allow time for fur-
ther resuscitation and for experienced assistance
to arrive. Most experienced trauma surgeons to-
day recommend a median sternotomy because it is
considered the most versatile approach. Such an
incision can easily be extended up along the ster-
nocleidomastoid muscle on either side or laterally
over the clavicle as needed. This approach is there-
fore recommended when localization of the injury
is uncertain (Fig. 2.4).



Fig. 2.4. Median sternotomy with possible extensions
for proximal and distal control in vascular injuries in the
thoracic outlet region

2.5.2.2 Exposure and Repair
For innominate artery injuries, the median ster-
notomy is extended along the anterior border of
the sternocleidomastoid muscle to the right. The
overlying innominate vein, which is often also in-
jured, has to be divided to achieve exposure. If the
injury is located at the base of the artery, which is
common in blunt trauma, a reconstruction with
an 8-10-mm prosthetic graft end-to-side from
the ascending aorta to the divided innominate is
frequently employed. This can be performed with
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only a partially occluding clamp on the aorta.
A total exposure of the proximal aorta and the
innominate bifurcation is, however, frequently
needed for proximal and distal control before
opening the hematoma. In minor penetrating in-
juries, simple sutures may occasionally be suffi-
cient (Fig. 2.5).

The need for shunting to prevent cerebral isch-
emia during innominate artery clamping is con-
troversial. Some argue that it is not needed if (1)
clamping is caudal to the origin of the common
carotid artery, (2) blood pressure and cardiac out-
put are normal, and (3) the contralateral carotid
artery is open. Others believe it is preferable to
always measure stump pressure in the common
carotid artery distal to the innominate clamp.
Shunting is recommended if the mean pressure is
<50 mmHg or not measurable.

Injuries to the common carotid arteries are ex-
posed and managed according to the same guide-
lines as for innominate injuries. Proximal injuries
can be repaired by a prosthetic bypass or simple
suture. In cases with occlusion also involving the
internal carotid artery, ligation is the safest meth-
od. This applies for neurologically intact patients
as well as those who are in deep coma.

The subclavian arteries, in particular the retro-
clavicular portion of the left artery, are difficult to
expose and manage. Before approaching the in-
jured area it is extremely important to have a strat-
egy for how to obtain proximal control in these
injuries; otherwise, severe uncontrollable bleeding
may occur. The subclavian arteries can be exposed

Fig. 2.5. Repair of a penetrating
injury to the innominate artery.

a Clamp occlusion at the origin from
the aorta. b Final repair with suture
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Left subclavian vein

Clavicle {resected)

Aortic arch
with branches

Pericardium

through a median sternotomy with extensions su-
praclavicularly on the side of the injury. This route
also allows exposure of injuries in the proximal
left subclavian artery (Fig. 2.6).

On the left side, an alternative for proximal
control is a high thoracotomy in the 3rd intercos-
tal space combined with a supraclavicular incision
for distal control (Fig. 2.7).

A thoracotomy is not necessary in injuries to
the distal subclavian and proximal axillary artery.
The recommended approach for control in these
cases is a clavicular incision, starting at the sterno-
clavicular joint, extending over the medial portion
of the clavicle to curve down into the deltopectoral
groove. The exposure of the retroclavicular por-
tion of the subclavian artery sometimes requires
division of the major pectoral and subclavian
muscles, the sternoclavicular joint, and the clavi-
cle. After these procedures, the medial portion
of the clavicle can be resected or rotated laterally.
Clavicular resection in combination can also
be employed with a laterally extended median

Vascular Injuries to the Thoracic Outlet Area

Fig. 2.6. Median sternotomy com-
bined with a clavicularincision for

exposure of the aortic arch and the
left subclavian artery

Fig. 2.7. In unstable patients and when rapid bleeding
control is needed, some prefer an anterior 3rd-inter-
space thoracotomy in combination with a supraclavic-
ular incision for distal control of the subclavian artery

sternotomy. By placing a longitudinal pillow be-
tween the shoulders of the patient, the shoulder
can be pushed dorsally to further facilitate expo-
sure (Fig. 2.8).

Principles of repair of the subclavian and axil-
lary arteries usually involve resection and inter-
position grafting. Autogenous vein graft is the
first choice, but polytetrafluoroethylene (PTFE)
or polyester grafts are alternatives. Resection and
end-to-end anastomosis are rarely possible, and
these vessels are particularly fragile, thus increas-
ing the risk for tension in the anastomosis.
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Pectoralis major muscle

Right subclavian artery
Right jugular vein

Clavicle

Fig. 2.8. Exposure of the distal subclavian and proxi-
mal axillary artery. a A clavicular incision is used. b The
sternocleidomastoid, pectoralis major, and subclavian
muscles are stripped of the medial half of the clavicle.

2.5.2.3 Endovascular Repair
and Control

The use of endovascular methods in trauma man-
agement is increasing. So far, insertion of covered
stents has been used successfully to seal leaks and
pseudoaneurysms (Fig. 2.9).

Coils are useful for occluding bleeding branch-
es. Another evolving management technique is to
place balloon catheters in the innominate or prox-

Subclavian

Pectoraiis major muscie

Cephalic vein

cThe clavicle is divided and its medial portion resected
or retracted. If necessary, the pectoralis minor muscle
is divided

imal left subclavian artery for temporary proximal
control. This minimally invasive endovascular al-
ternative, when applicable, is particularly attrac-
tive in multiply injured patients by allowing time
for managing other major injuries.

The vascular segments of the thoracic outlet re-
gion can be catheterized by puncturing the com-
mon femoral artery of either side or the contralat-
eral brachial artery.
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Fig.2.9. a Penetrating injury to the left subclavian
artery after a knife stabbing with extravasation of con-
trast into a pseudoaneurysm (arrows) at angiography.
b No leakage after sealing the injury with a covered
stent

Vascular Injuries to the Thoracic Outlet Area

N 2.5.3 Management After Treatment

The proximity of the great vessels and trachea
gives high priority to respiration and airways in
the early postoperative period. Intubation is usu-
ally required. Many patients with injuries to the
aortic arch branches require chest tubes for drain-
ing the thorax. Close monitoring of the chest tube
for signs of bleeding is important because this is
the most common postoperative complication.
More than 300 ml of blood drained per hour is
usually considered a clear indication for reex-
ploration to exclude or repair surgical causes of
the bleeding. Dilutional thrombocytopenia and
hypothermia are other possible causes of post-
operative bleeding problems. The recommenda-
tion is to remove the chest tube within 24 h or
as soon as the risk of bleeding is considered to be
under control.

Associated neurological symptoms caused by
the initial trauma or the repair are common. Ex-
amples are injuries to the phrenic and vagal nerves.
Secondary ischemic cerebral injuries also occur,
and if aggravated during the postoperative course,
this indicates embolization or thrombotic occlu-
sion of a repaired or traumatized arterial seg-
ment.

M 2.6 Results

In textbooks the results are generally considered
poor for patients with thoracic outlet injuries, but
case series give some hope, at least for patients
who reach the hospital alive.

A large series of 228 patients from South Africa
with penetrating thoracic outlet vascular trauma
reported that 60% of the patients were dead on
admission. The operative mortality was 15% for
the remaining patients, giving a total mortality of
66%. In a report from Los Angeles, the corre-
sponding figures were a 34% total mortality and
15% operative mortality.



The results, however, vary greatly between
different studies. In a study from 1989 30 patients
with blunt thoracic vascular trauma, substantially
better results were reported; the operative mortal-
ity was 6.7%, and overall graft patency was 90%
after 5 years of follow-up. Another report from the
same year had a similar mortality rate of 6.5%.
It included 46 patients with 51 intrathoracic arte-
rial injuries, 42 of which were penetrating injuries.
The incidence of neurological consequences in
the different series was relatively low, 5-29%.
Combined arterial and venous injuries or venous
injuries are associated with a significantly higher
mortality, up to 50% and higher. This is blamed
the risk for air embolization and more severe blood
loss due to less contractility of the veins.

In summary, it seems that most patients die at
the scene or during transport, but if the patient
arrives alive in the emergency department, the
results seem to be fair.

2.6 Results
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M s Summary

B Suspect vascular injuries in patients with
shoulder or elbow dislocation.

B When blood pressures in the arms differ,
exclude vascular injuries in proximal ar-
teries.

B It is the nerve injury that determines the
functional outcome of arm injuries.

B Evaluate the brachial plexus and the me-
dian nerve function before and during
vascular exploration.

B Repair of vascular injuries in the upper
limb is wise even when ischemia appears to
be limited.

M2 Background
N 3.2.1 Background

Arteries and veins in the arms are the second most
common location for vessel injuries in the body
and constitute almost half of all peripheral vascu-
lar injuries. Much more often than in the legs they
occur together with neurological and skeletal
injuries. Although vascular injuries in the arms
rarely lead to fatal or serious bleeding, ischemic
consequences are common. The extensive collat-
eral network around the elbow makes clinical
signs variable and often minute. On the other
hand, if the brachial artery is obstructed proximal
to the origin of the deep brachial artery, the risk
for amputation is substantial: up to 50% of such
patients lose the arm if the vessel is not repaired.
While the vascular injury per se often can be man-
aged easily, it is the damaged nerves that cause the
main functional disturbances in the long run.
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Because arm vessel trauma is common and
sometimes appear without signs and symptoms,
missed injuries cause considerable morbidity in
trauma patients. Awareness and optimal manage-
ment may reduce this morbidity.

The arteries supplying blood to the arms - the
subclavian and axillary arteries — are located in
the thorax or thoracic outlet, and if these vessels
are traumatized, the consequences are often more
serious. This “intrathoracic part of the arm” is
covered in Chapter 2 on vascular injuries in the
thoracic outlet area.

W 322 Etiology and Pathophysiology

Injury mechanisms are the same in the arms and
legs, and the brachial, radial, and ulnar arteries
can be damaged by both penetrating and blunt
trauma. Knives and gunshots usually cause pene-
trating injuries (most often to the brachial artery),
but lacerations secondary to fractures occur regu-
larly. Sharp fragments commonly penetrate vessel
walls (Fig. 3.1). Blunt injuries occur in road traffic
accidents because of fractures and joint dis-
locations. The most frequent orthopedic arm inju-
ries associated with vessel damage are listed in
Table 3.1.

There are also types of trauma specific for arm
vessel injuries. A large number of upper limb vas-
cular trauma are caused by industrial and domes-
tic accidents. Splintered glass as well as self-in-
flicted wounds regularly damage vessels below the
elbow. The popularity of using the brachial artery
as a site for vascular access for endovascular pro-
cedures has caused an increase in iatrogenic cath-
eter-related injuries to the brachial artery in prox-
imity to the elbow. Pseudoaneurysms are often
caused by radial artery punctures for arterial
blood samples.

As in all traumatized vessels, transection or
laceration may cause bleeding, thrombosis, or
both. Transections, intimal tears, and contusions
are more frequent after blunt trauma. The mecha-
nisms are described in more detail in Chapter 9
(p. 102). Tissue in the distal parts of the arm is as
susceptible to ischemia as in the legs, and the time
limit of 6-8 h before irreversible damage occurs
is also valid for arm injuries. Concomitant nerve
injuries, as mentioned, are the main cause of mor-
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Fig. 3.1. Angiography showing an occluded brachial
artery severed by the sharp ends of a shaft fracture of
the humerus

Table 3.1. Most common sites for combined orthope-
dic and vascular injury

Orthopedic injury Vascular injury

Fractured clavicle Subclavian artery

Shoulder dislocation Axillary artery

Supracondylar fracture
of the humerus

Brachial artery

Elbow dislocation Brachial artery

bidity long term. Such injuries are equally com-
mon after penetrating and blunt trauma. In the
literature, 35-60% of arterial injuries in the upper
arm are associated with nerve injuries, and over
75% are associated with nerve, bone, or venous
damage.



B 3.3 Clinical Presentation
W 3.3.1 Medical History

Patients with vascular injuries in the arms arrive
at the emergency department after accidents, knife
or shooting assaults, or car crashes causing multi-
ple injuries. As with all injuries, it is important to
interview the rescue personnel and accompanying
persons about the type of injury and the type of
bleeding. The exact time of the injury should be
established to facilitate planning of repair. Because
orthopedic injuries are associated with arterial
damage, it is also essential to ask whether joint
dislocations or fractures were noted or reduced.
Complaints of pain from areas around a joint indi-
cate a possible luxation. Even more important is to
ask for symptoms of nerve damage, including per-
manent or transient numbness and impaired mo-
tor function in any part of the arm.

NOTE
It is essential to evaluate nerve function
before taking the patient to the operating
room.

n 3.3.2 Clinical Signs and Symptoms

Both the “hard” and the “soft” signs of vascular
trauma occur after upper extremity vascular inju-
ries. Examples, in descending frequency of occur-
rence, include diminished or absent radial pulse,
motor deficit, sensory loss, hemorrhage, and ex-

Table 3.2. Evaluation of nerve function in the arm

Injured nerve (s) Symptom

Brachial plexus

Axillary nerve Inability to abduct the arm

Ulnar nerve Numbness and inability

to move the 5th finger

Median nerve
in the three middle fingers

Radial nerve Numbness and inability

to move the thumb

Inability to move the arm; limb hangs with
extended elbow and forearm pronated

Inability to flex the hand and numbness

3.4 Diagnostics

panding hematoma. It is common for a dimin-
ished radial pulse or an abnormal brachial blood
pressure to be the only sign of vascular obstruc-
tion. Because pulse wave propagation through a
thrombus is possible, a palpable radial pulse does
not completely exclude arterial obstruction; there-
fore, a high suspicion of arterial injury is neces-
sary even when a palpable pulse is found. As a
guideline, a difference of more than 20 mmHg in
blood pressure between the arms should make the
examiner suspect a vascular injury. Inability to
move the fingers, hands, and arms as well as dis-
turbances in sensation are frequently associated
with vascular injury. The sensory and motor func-
tions must therefore be carefully examined and
evaluated to disclose any nerve damage that should
be repaired. A list of what this examination should
cover is given in Table 3.2. In unconscious pa-
tients, this examination is the only way to reveal
indications of arterial damage.

W Diagnostics

Investigations beyond the physical examination of
the patient should be done only in stable patients.
Accordingly, most patients with distal arm inju-
ries can undergo angiography or duplex scanning
provided that these investigations do not delay
treatment. Arteriography is indicated when arte-
rial involvement not is obvious. For example, pa-
tients with trauma in the elbow region - blunt or
penetrating — with clear ischemia and no radial
pulse do not need arteriography before surgery.

Findings

Unable to discriminate sensation
on the neck

Unable to discriminate sensation
on the dorsal side of the shoulder

Unable to discriminate sensation
in the pulp of the 5th finger

Unable to discriminate sensation
in the pulp of the index finger

Unable to discriminate sensation
in the web between the thumb
and index finger
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If the patient has multiple injuries, shotgun in-
juries, or suspected proximal arterial involvement,
arteriography is recommended to determine the
exact site of injury. Arteriography should also be
done when there are indistinct signs of ischemia
and arterial injury is only suspected. Included in
this indication for arteriography is the so-called
proximity injury, referring to injury in patients
without signs of distal ischemia but with trauma
in close proximity to a major artery. Of patients
undergoing arteriography for this indication,
10-20% are reported to have arterial lesions. If
the arteriogram reveals injury to the subclavian or
axillary artery, endovascular treatment can pro-
ceed right away.

Duplex scanning has replaced arteriography in
some hospitals and is probably just as accurate in
experienced hands. Intimal flaps and small areas
of vascular wall thrombosis may be difficult to
identify with duplex scanning under some cir-
cumstances, but such small lesions in the arm can,
on the other hand, usually be treated without
exploration.

Computed tomography (CT) angiography is an
important modality for diagnosing proximal arte-
rial injuries in particular. It is reported to be at
least as accurate as arteriography in this area. The
use of CT angiography is likely to increase in the
near future because it is quicker than angiography,
and most trauma centers have rapid access to
good-quality CT.

M ss Management and Treatment

W 35 Management Before
Treatment

3.5.1.1 Severely Injured
and Unstable Patients
Patients arriving to the emergency department
with active serious bleeding after a single injury to
an arm are rare. When this does occur, manual di-
rect pressure over the wound can control the
bleeding while general resuscitation measures ac-
cording to Advanced Trauma Life Support princi-
ples are undertaken: oxygen, monitoring of vital
signs, placement of intravenous (IV) lines, and in-
tusion of fluids (see also Chapter 9, p. 105, for sug-
gestions). It is important not to forget to adminis-
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ter analgesics (5-10 mg of an opiate IV) and, when
indicated, antibiotics and tetanus prophylaxis.

Multiply injured patients with signs of arm
ischemia should be treated according to the hospi-
tal’s general trauma management protocol, and
the vascular injury is usually evaluated during the
second survey. Serious ongoing bleeding has high
priority, but arm ischemia should be managed
after resuscitation and treatment of life-threaten-
ing injuries but before orthopedic repair in most
circumstances. When the patient has stabilized,
arteriography can be performed if indicated (see
above).

3.5.1.2 Less Severe Injuries

Most patients with arm injuries arrive in the emer-
gency department in a stable condition without
ongoing bleeding but with signs of hand ischemia.
For these patients, careful examination of the arm
including assessment of nerve function, is essen-
tial. Dislocated fractures or luxations should be
reduced under proper analgesia. After reduction,
examination of vascular function should be re-
peated. If the radial pulse and distal perfusion
return, the position should be stabilized and fixed.
Repeated examinations during the following 4 h
are mandatory to ensure that the returned perfu-
sion is persistent.

If the vessel injury is definite — an absent radial
pulse and reduced hand perfusion - and the site of
vascular injury is apparent, the patient can be
transferred to the operating room without further
diagnostic measures. Patients with findings indi-
cating vascular injury at examination, and those
with obvious arterial disruption but with arms so
traumatized that the site of arterial injury cannot
be determined, should undergo arteriography or
duplex scanning. Expediency of repair is required
for all locations of arterial injuries in the arm. The
proposed time limits indicating a low risk for per-
manent tissue damage range from 4 h for brachial
artery injuries and up to 12 h for forearm injuries.
The risk limit for irreversible ischemia following
forearm injuries is valid for patients with an in-
complete palmar arch. The frequency of this ana-
tomical variation is 20% in most Western popula-
tions.

Suspected injuries to the radial and ulnar ar-
tery should be treated according to the general
principles discussed above. Even cases with nor-



Table 3.3. Allen test

. Elevate the arm over the head
. Occlude the radial and ulnar arteries at the wrist
. Lower the arm

. Release blood flow through the ulnar artery

[ S B S

. Inspect and time the return of perfusion

7. Repeat, and release blood flow through
the radial artery instead.

8. A return of perfusion >5 s is considered
a positive Allen test, and the artery is suspected
to be inadequate

mal perfusion in the hand but without a radial
pulse should be explored and repaired if reason-
ably simple. When forearm arterial injury is un-
clear, the Allen test (Table 3.3) can be added to the
examination procedure. A positive Allen test to-
gether with a history of trauma to an area in close
proximity indicate that the radial or ulnar artery
is indeed affected. The wound should then be ex-
plored and the traumatized artery inspected and
mended. Patients with multiple severe injuries and
high-risk patients should not be explored if perfu-
sion to the hand is rendered sufficient. For those
circumstances, repeat examinations every hour
are mandatory to make sure that perfusion is ade-
quate and stable.

3.5.1.3 Amputation
Some arms with vascular injuries are so extensive-
ly damaged that amputation is a treatment option.
The decision of when to perform a primary ampu-
tation versus trying to repair vessels, nerves, ten-
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dons, and muscles is difficult. As a general princi-
ple, arms with multiple fractures, nerve disrup-
tion, ischemia-time longer than 6 h, and extensive
crush injuries involving muscle and skin will nev-
er regain function and should be amputated. An-
other principle is that when four out of the five
components of the arm are injured - skin, bone,
muscles, and vessels - but there is only minor
nerve injury, an attempt to save the arm is reason-
able. One must keep in mind, however, that the
arm needs at least some protective sensation in or-
der to be functional. Children have a greater
chance of regaining a functional arm than adults
do, and a generous attitude to surgical repair in
children is recommended.

NOTE
The surgeon should not try to save an
arm when it only has a small chance of
being functional and when repair can be
accomplished only at considerable risk.

The mangled extremity severity score (MESS) is a
grading system designed to aid the decision pro-
cess for managing massive upper and lower ex-
tremity trauma. A score of 7 or more has been pro-
posed as a cut-off value for indicating when ampu-
tation cannot be avoided and should be performed
as the primary procedure. In some studies, a score
7 predicted an eventual amputation with 100% ac-
curacy. The basis of the MESS scoring system is
given in Table 3.4.

As shown in Table 3.4, a crush injury is regard-
ed as particularly unfavorable. The duration of
ischemia is also a significant factor taken into
account in the MESS system.
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Table 3.4. MESS: Mangled Extremity Severity Score (BP blood pressure)

Types Injury characteristics Points
Low energy Stab wounds, simple closed fractures, small-caliber gunshot wounds 1
Medium energy Open fractures, multiple fractures, dislocations, small crush injuries 2
High energy Shotgun blasts, high-velocity gunshot wounds 3
Massive crush Logging, railroad accidents 4
No shock (BP normal) BP stable at the site and at the hospital 1
Transient hypotension ~ BP unstable at the site but normalizes after fluid substitution 2
Prolonged hypotension ~ BP <90 mmHg 3
No distal ischemia Distal pulses, no signs of ischemia 1
Mild ischemia Absent or diminished pulses, no signs of ischemia 28
Moderate ischemia No signals by continuous-wave Doppler, signs of distal ischemia 3?
Severe ischemia No pulse; cool, paralyzed limb; no capillary refill 4*
<30 years old patient 1
>30 years old patient 2
>50 years old patient 3

* Points are doubled if ischemia lasts longer than 6 h.

M 3522 Operation

3.5.2.1 Preoperative Preparation

Hemodynamically stable patients are placed on
their back with the arm abducted 90° on an arm
surgery table. The forearm and hand should be in
supination. Peripheral or central IV lines should
not be inserted on the injured side. Any continu-
ing bleeding is controlled manually directly over
the wound. If the site of injury is the brachial ar-
tery or distal to it, a tourniquet can be used to
achieve proximal control. It is then placed before
draping and should be padded to avoid direct skin
contact with the cuff. This minimizes the risk for
skin problems during inflation. The arm is washed
so the skin over the appropriate artery can be in-
cised without difficulty. The draping should allow
palpation of the radial pulse and inspection of fin-
ger pulp perfusion. One leg is also prepared in case
vein harvest is needed.

The position of the arm is the same for more
proximal injuries. Proximal control of high bra-
chial and axillary artery trauma may involve ex-
posure and skin incisions in the vicinity of the
clavicle and the neck, so for proximal injuries the
draping must also allow incisions at this level.

3.5.2.2 Proximal Control

For distal vessel injury, proximal control can be
achieved by inflating the previously placed tourni-
quet to a pressure around 50 mmHg above systolic
pressure. The cuff should be inflated with the arm
elevated to minimize bleeding by venous conges-
tion. After inflation, the wound is explored direct-
ly at the site of injury.

For more proximal injuries, control is achieved
by exposing a normal vessel segment above the
wounded area. The most common sites for proxi-
mal control in the arm are the axillary artery be-
low the clavicle, and the brachial artery (which is
what the artery is called distal to the teres major
muscle) somewhere in the upper arm. Some com-
mon exposures are described in the Technical Tips
box.

3.5.2.3 Exploration and Repair
Distal control is achieved by exploring the wound.
Sometimes this requires additional skin incisions.
The most common site for vascular damage in the
arm is the brachial artery at the elbow level. These
injuries occurs, for example, because of supracon-
dylar fractures in children and adults. In such
cases, exposure and repair of the brachial artery
through an incision in the elbow crease is appro-
priate. The anatomy is shown in Fig. 3.1, and a
brief description of the technique is given in the
Technical Tips box. Hematomas should be evacu-
ated to allow inspection of nerves and tendons.



TECHNICAL TIPS

m Axillary Artery Below the Clavicle

An 8-cm horizontal incision is made 3 cm below
the clavicle (Fig. 3.2). The pectoralis major muscle
fibers are split parallel to the skin incision. The
pectoralis minor muscle is divided close to its
insertion. The nerve crossing the pectoralis minor
muscle can also be divided without subsequent
morbidity. The axillary artery lies immediately
below the fascia together with the vein inferiorly,
and the lateral cord of the brachial plexus is
located above the artery.

B Brachial Artery in the Upper Arm

The incision is made along the posterior border of
the biceps muscle; a length of 6-8 cm is usually
enough (Fig. 3.3). The muscles are retracted medi-
ally and laterally, and the artery lies in the neuro-
vascular bundle immediately below the muscles.
The sheath is incised and the artery freed from the
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median nerve and the medial cutaneous nerve
that surrounds it.

B Brachial Artery at the Elbow

Theincision is placed 2 cm below the elbow crease
and should continue up on the medial side along
the artery. If possible, veins transversing the
wound should be preserved, but they can be di-
vided if necessary for exposure. The medial inser-
tion of the biceps tendon is divided entirely, and
the artery lies immediately beneath it. By follow-
ing the wound proximally, more of the artery can
be exposed (Fig. 3.3). If the origins of the radial
and ulnar artery need to be assessed, the wound
can be elongated distally on the ulnar side of the
volar aspect of the arm. The median nerve lies
close to the brachial artery, and it is important to
avoid injuring it.

For supracondylar fractures, the brachial artery,
the median nerve, and the musculocutaneous
nerves must sometimes be pulled out of the frac-
ture site. Before the artery is clamped, the patient
is given 50 units of heparin/kg body weight IV. Re-
pair should also be preceeded by testing inflow
and backflow from the distal vascular bed by tem-
porary tourniquet or clamp release. It is often also
wise to pass a #2 Fogarty catheter distally to ensure
that no clots have formed. Occasionally, inflow is
questionable, and proximal obstruction must be
ruled out. This can be done intraoperatively by re-
trograde arteriography as described in Chapter 4
(p. 44) or by duplex scanning.

As a general principle, all vascular injuries in
the arms should be repaired, except when revascu-
larization may jeopardize the patient’s life. Arte-
rial ligation should be performed only when am-
putation is planned. Postoperative arm amputa-
tion rates are reported to be 43% if the axillary
artery is ligated and 30% at the brachial artery
level. Another exception is forearm injuries. When
perfusion to the hand is rendered adequate - as
assessed by pulse palpation and the Allen test -
one of these two arteries can be ligated without

Fig. 3.2. The most proximal part of the axillary ar-
tery can be exposed through an incision parallel to
and just below the clavicle. Exposure of the brachial
artery is through an incision in the medial aspect of
the upper arm. This incision can be elongated and con-
nected with the clavicular incision to allow exposure
and repair of the entire axillary and brachial artery seg-
ments
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D

Cephalic vein

Brachial artery

Basilic vein

Radial
artery

Ulnar artery

Fig. 3.3. Transverse incision in the elbow for exposing
the brachial artery and with possible elongations (dot-
ted lines) when access to the ulnar and radial branches
as well as to more proximal parts of the brachial artery
is needed

morbidity. In a substantial number of patients
with differing vessel anatomy, however, ligation of
either the ulnar or radial artery may lead to hand
amputation. If both arteries are damaged, the ul-
nar artery should be prioritized because it is usu-
ally responsible for the main part of the perfusion
to the hand.

For most arterial injuries, vein interposition is
necessary for repair. Veins are harvested from the
same arm, from parts of the cephalic or basilic
vein if the trauma is limited, or from the leg. The
saphenous vein in the thigh is suitable for axillary
and brachial artery repair, while distal ankle vein
pieces can be used for interposition grafts to the

Vascular Injuries in the Arm

radial and ulnar arteries. Before suturing the anas-
tomoses, all damaged parts of the artery must be
excised to reduce the risk of postoperative throm-
bosis. Rarely, primary suture with and without
patching can be used to repair minor lacerations.

Shunting of an arterial injury to permit osteo-
synthesis is rarely needed in the arm. Vascular in-
terposition grafting can usually be done with an
appropriate graft length before final orthopedic
repair. Also, extremity shortening due to fractures
is less of a problem in the arms (in contrast to
the legs), and orthopedic treatment without osteo-
synthesis is common especially in older patients.
Nevertheless, for some arm injuries shunting is a
practical technique that allows time for fracture
fixation, thus avoiding the risks of redisplacement
and repeated vessel injury. One example is injuries
to the axillary or brachial artery caused by a proxi-
mal humeral fracture, where the fragment needs to
be fixed in order to prevent such injuries. Another
example is humeral shaft fracture, which needs to
be rigidly fixed to abolish the instability that may
otherwise endanger the vascular graft. For more
details about shunting, see Chapter 9 (p. 111).

Veins should also be repaired if reasonably sim-
ple. If the vein injury is caused by a single wound
with limited tissue damage, concomitant veins to
the distal brachial artery can be ligated. For more
extensive injuries where the superficial large veins
are likely to be ruined, it is wise to try to repair the
deep veins. For very proximal injuries in the shoul-
der region, vein repair is important to avoid long-
term problems with arm swelling. It is also impor-
tant to cover the mended vessel segment with soft
tissue to minimize the risk for infection that may
involve the arteries.

3.5.2.4 Finishing the Operation
When the repaired artery or graft’s function is
doubtful and when the surgeon suspects distal
clotting, intraoperative arteriography should be
performed. The technique is described in Chap-
ter 10 (p. 128). After completion, all devitalized
tissue should be excised and the wound cleaned.
For penetrating wounds, damaged tendons and
transected nerves should also be sutured. This is
not worthwhile for most blunt injuries. Fascioto-
my should also be considered before finishing the
operation. As in the leg, long ischemia times and
successful repair increase the risk of reperfusion



and compartment syndrome, but the overall risk
for compartment syndrome is reported to be
less in the arm than in the leg. For a description of
arm fasciotomy techniques, we recommend con-
sulting orthopedic textbooks. After the wounds
are dressed, a fractured arm is put into a plaster
splint for stabilization.

3.5.2.5 Endovascular Treatment

In contrast to proximal arm vessel trauma, there
are few instances in distal injuries when endovas-
cular treatment is a feasible treatment option. Be-
cause the brachial artery and the forearm vessels
are easy to expose with little morbidity, open re-
pair during exploration of the wound is usually
the best option. Possible exceptions to this are
treatment of the late consequences of vascular
trauma, such as arteriovenous fistulas and pseu-
doaneurysms.

Especially in the shoulder region, including the
axilla, primary endovascular treatment is often
the best treatment option. Another circumstance
when endovascular treatment is favorable is bleed-
ing from axillary artery branches - such as the
circumflex humeral artery — due to penetrating
trauma. Active bleeding from branches, but not
from the main trunk, observed during arteriogra-
phy is preferably treated by coiling. The bleeding
branches are then selectively cannulated with a
guidewire and coiled, using spring coils or injec-
tions of thrombin to occlude the bleeding artery.

. 3.5.3 Management After Treatment

Postoperative monitoring of hand perfusion and
radial pulse is recommended at least every 30 min
for the first 6 h. When deteriorated function of the
repaired artery is suspected, duplex scanning can
verify or exclude postoperative problems. Appar-
ent occlusions should be treated by reoperation as
soon as possible. Compartment syndrome in the
lower arm may also evolve over time, and swelling,
muscle tenderness, and rigidity must also be mon-
itored during the initial days. For most patients,
treatment with low molecular weight heparin is
continued postoperatively. A common dose is
5,000 units subcutaneously twice daily.

Keeping the hand elevated as much as possible
may reduce swelling of the hand and arm as well as
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problems with hematoma formation around the
wound. Early mobilization of the fingers facilitate
blood flow to the arm and should be encouraged.

O 3.6 Results and Outcome

The patency of arterial repair in the arm is often
excellent, but unfortunately, this appears to have
little impact on the eventual arm function. For
most patients in whom vessel trauma is associated
with nerve and soft tissue injury, it is the nerve
function that determines the outcome. Outcome
data after arterial repair in upper extremity inju-
ries have been reported in observational studies
and case series. One example is a review from the
United States of 101 patients with penetrating
trauma, including 13 axillary or subclavian cases.
Half of the patients had nerve injuries as well. At
follow-up the limb salvage rate was 99%, and all
patients who needed only vascular repair had ex-
cellent functional outcomes. Among arms that re-
quired nerve repair, 64% had severe impairment of
arm function. The corresponding figure for mus-
culoskeletal repair only was 25%.

A report from the United Kingdom included 28
cases of brachial artery injuries, of which six were
blunt. In this study, half of the patients had con-
comitant nerve injury and underwent immediate
nerve repair. All vascular repairs were successful,
but the majority of patients undergoing nerve re-
pair appear to have had some functional deficit at
follow-up.

Fortunately, it seems that function improves
over time in many patients. The risk factors for
poor outcome are similar to the ones used for the
MESS score - severity of the fracture and soft tis-
sue damage, length of the ischemic period, severity
of neurological involvement, and presence of
associated injuries.

M3y latrogenic Vascular Injuries

The brachial artery is increasingly being used for
cannulation, both for vascular access and for en-
dovascular procedures. The latter requires large
introducer sheaths, and it is likely that we will ex-
perience an increase in the number of problems
related to this. Associated injuries are bleeding
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and thrombosis. (Both of these issues are dis-
cussed in Chapter 12.) Management of bleeding is
fairly straightforward. Bleeding is usually easy to
control by manual compression; exposure is sim-
ple; and repair is often accomplished by a few
simple sutures. Thrombosis is much less common
but is more complicated to handle. Management
should follow the guidelines given in Chapter 4.

Another problem that may be encountered is
related to arterial blood sampling from the radial
artery. Occasionally, thrombosis of this artery will
cause severe arm ischemia. This should then be
resolved by embolectomy and patch closure of the
injured vessel segment. Sporadically, vein graft in-
terposition is needed. Bleeding or an expanding
hematoma due to arterial puncture rarely occurs,
but pseudoaneurysm formation is not so infre-
quent. Such problems should be handled by sur-
gery, including proximal control and patch closure
of the injured vessel.

The radial artery is sometimes used as a graft
for coronary bypass procedures. This appears to
work extremely well, with little late morbidity in
the arm where the artery was harvested. We have
encountered occasional patients with mild hand
ischemia immediately after surgery, but only a few
cases who eventually needed revascularization.
For these rare patients, a vein bypass from the bra-
chial artery to the site where the ligature was
placed at harvest is the recommended treatment.

Vascular Injuries in the Arm
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M 4 Summary

B History and physical examination are suf-
ficient for the diagnosis.

B Few patients need angiography.

B Embolectomy should be performed in most
patients.

B It is important to search for the embolic
source.

M 42 Background and Pathogenesis

Acute ischemia in the upper extremity constitutes
10-15% of all acute extremity ischemia. The etiol-
ogy is emboli in 90% of the patients. The reason
for this higher rate compared with the leg is that
atherosclerosis is less common in arm arteries.
Emboli have the same origins as in the lower
extremity (see Chapter 10, p. 120) and usually end
up obstructing the brachial artery. Sometimes

4

plaques or an aneurysm in the subclavian or axil-
lary arteries is the primary source of emboli.
Embolization to the right arm is more common
than to the left due to the vascular anatomy.

For the 10% of patients with atherosclerosis and
acute thrombosis as the main cause for their arm
ischemia, the primary lesions are located in the
brachiocephalic trunk or in the subclavian artery.
Such pathologies are usually asymptomatic due to
well-developed collaterals around the shoulder
joint until thrombosis occurs, and they cause
either micro- or macroembolization.

Other less frequent causes of acute upper ex-
tremity ischemia are listed in Table 4.1.

Il 4.3 Clinical Presentation

Acute arm ischemia is usually apparent on the
basis of the physical examination. The symptoms
are often relatively discreet, especially early after
onset. The explanation for this is the well devel-
oped collateral system circumventing the brachial
artery around the elbow, which is the most com-
mon site for embolic obstruction. The “six Ps” -
pain, pallor, paresthesia, paralysis, pulselessness,

Table 4.1. Less common causes of acute upper ex-
tremity ischemia

Cause Characteristics

Arteritis Lesions in distal

and proximal arteries

Buerger’s disease Digital ischemia in young

heavy smokers

Generalized
or distal thrombosis

Coagulation disorders

Raynaud’s disease Digital ischemia
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Table 4.2. Frequency of signs and symptoms in pa-
tients with acute arm ischemia

Presentation Percentage

Pulselessness 96
Coldness 94
Pain 85
Paresthesia 45
Dysfunction 45

poikilothermia - are applicable also for acute
arm ischemia, but coldness and color changes are
more prominent than for the legs. Accordingly,
the most common findings in the physical exami-
nation are a cold arm with diminished strength
and disturbed hand and finger motor functions.
Tingling and numbness are also frequent. The ra-
dial pulse is usually absent but is pounding in the
upper arm proximal to the obstruction.

Gangrene and rest pain appear only when the
obstruction is distal to the elbow and affects both
of the paired arteries in a finger or in the lower
arm. Ischemic signs or symptoms suggesting acute
digital artery occlusion in only one or two fingers,
imply microembolization.

W a4 Diagnostics

Only the few patients with uncertain diagnosis,
and those with a history and physical findings that
indicates thrombosis, need additional work-up.
Examples include patients with a history of chron-
ic arm ischemia (arm fatigue, muscle atrophy, and
microembolization) and bruits over proximal ar-
teries. Angiography should then be performed to
reveal the site of the causing lesion. Duplex ultra-
sound is rarely needed to diagnose acute arm isch-
emia but may occasionally be helpful.

M s Management and Treatment
. 4.5.1 Management Before Treatment
Even though symptoms and examination findings

may be so subtle that conservative treatment is
tempting, surgical removal of the obstruction is

Acute Upper Extremity Ischemia

almost always preferable. It has been suggested
that in patients with a lower-arm blood pressure
>60 mmHg embolectomy can be omitted, but such
a strategy has not to our knowledge been evaluated
systematically. In a patient series of nearly symp-
tomless acute arm ischemia, which was left to re-
solve spontaneously or with anticoagulation as the
only treatment, late symptoms developed in up to
45% of the cases. Surgical treatment is also fairly
straightforward. It can be performed using local
anesthesia and is associated with few complica-
tions.

Very often an embolus is a manifestation of
severe cardiac disease, so the patient’s cardiopul-
monary function should be assessed and opti-
mized as soon as possible. Preoperative prepara-
tions include an electrocardiogram (ECG) and
laboratory tests to guide anticoagulation treat-
ment (see also Chapter 10, p. 25). Heparin treat-
ment is started perioperatively and continued
postoperatively in most patients.

NOTE
Embolectomy is the treatment of choice
for almost all patients with diagnosis of
acute arm ischemia, regardless of the
severity of ischemia.

. 4.5.2 Operation

4.5.2.1 Embolectomy

As mentioned previously, the most common site
for embolic obstruction is the brachial artery. Em-
bolectomy of these clots is performed by expos-
ing the brachial artery as described in Chapter 3
(p. 37). The arm is placed on an arm table. We pre-
fer to perform embolectomy using local anesthe-
sia. Often a transverse incision placed over the
palpable brachial pulse can be used. If proximal
extension of the incision is required, this should
be done in parallel with and dorsal to the dorsal
aspect of the biceps muscle. It has to be kept in
mind that 10-20% of patients may have a different
brachial artery anatomy. The most common varia-
tion is a high bifurcation of the radial and ulnar
arteries, and next in frequency is a doubled bra-
chial artery. The procedure is described in the
Technical Tips box.



An alternative location for embolectomy in the
arm is to expose the brachial artery in the bicipi-
tal groove. A longitudinal incision starting 10 cm
above the elbow that is extended proximally is
then used.

TECHNICAL TIPS

Exposure of this vessel is described in Chapter 3.
A transverse arteriotomy in the brachial artery
is made as close as possible to the bifurcation
of the ulnar and radial arteries. The embolecto-
my is performed in proximal and distal direc-
tions with #2 and #3 Fogarty catheters. Separate
embolectomy in each branch should be done
if technically simple. The Fogarty catheter other-
wise slips down into the larger and straighter
ulnar artery. The route of the catheter can be
checked by palpation at the wrist level when
the inflated balloon passes. On the other hand,
restored flow in one of the arteries is usually
enough for a result that is sufficient for adequate
hand perfusion. The arteriotomy is closed
with interrupted 6-0 sutures, and distal pulses
and the perfusion in the hand are evaluated.
If the result is inadequate — poor backflow after
embolectomy, absence of pulse, a weak continu-
ous-wave Doppler signal, and questionable
hand perfusion - the arteriotomy should be
reopened and intraoperative angiography per-
formed (Table 4.3 and Chapter 10, p. 128). .

If it is hard to achieve a good inflow, a proximal
lesion may cause the embolization or thrombosis.
More complicated vascular procedures are then
required to reestablish flow. The embolectomy
attempt is then discontinued and the patient taken
to the angiography suite for a complete examina-
tion. If practically feasible, an alternative is to
obtain the angiogram in the operating room. Fre-
quently, however, the preferred treatment is endo-
vascular, and this is better done in the angiography
suite. Occasionally the films will reveal a proximal
obstruction that needs open repair. Examples of
such are carotid-subclavian, subclavian-axillary,
and axillary-brachial bypasses.

4.6 Results and Outcome

4.5.2.2 Endovascular Treatment
Thrombolysis is as feasible for acute upper extrem-
ity ischemia as it is in the leg. The limited ischemia
that often occurs after most embolic events be-
cause of the collateral network around the elbow
also allows the time needed for planning and mov-
ing the patient to the angiosuite. The technique
involves cannulation in the groin with a 7-French
sheath. Long guide wires and catheters are re-
quired to reach the occluded site and makes iden-
tification of proximal lesions possible. A new arte-
rial puncture in the brachial artery may be neces-
sary for thrombolysis of distal occlusions.

It can be argued that thrombolysis in spite of
acceptable results, rarely is needed for treating this
disease because open embolectomy can be per-
formed under local anesthesia with good results
and little surgical morbidity. The advantages with
endovascular treatment are indeed limited. For
patients in whom suspicion of thrombosis is strong
or when proximal lesions are likely, it should be
attempted first. However, case series indicates that
results of thrombolysis are inferior for forearm
occlusions. In summary, thrombolysis is an alter-
native but has little to offer in reducing risk or
improving outcome compared with embolectomy
for most patients.

W 453 Management After Treatment

Patients usually regain full function of their hands
immediately after the procedure, and postopera-
tive regimens consist of anticoagulation and a
search for the embolic source. Heparin or low
molecular weight heparin is administered as de-
scribed in Chapter 10 (p. 129), usually followed by
coumadin. The search for cardiac sources may
advocate repeated ECGs, echocardiography, and
duplex ultrasound of proximal arteries.

Il 4.6 Results and Outcome

The number of salvaged arms after surgical inter-
vention is very high, 90-95%, and arm function
is usually fully recovered. The remaining 5-10%
represents patients with extensive thrombosis
involving many vascular segments and most
branches of the distal arteries. The postoperative

43



Chapter 4

Table 4.3. Technique for retrograde intraoperative an-
giography

1. Control proximal to arteriotomy is achieved
by finger compression and/or vessel loop

2. Insert an angiography catheter or a small caliber
baby feeding tube through the arteriotomy in
retrograde direction

3. Place the tip of the catheter proximal to the
suspected obstructing lesion

4. Inject contrast under simultaneous fluoroscopy
in lateral projection with a C-arm

mortality is around 10-40% in most patient series,
reflecting that embolization often is a consequence
of severe cardiac disease. Postoperative mortality
is similar for thrombolysis to treat acute arm isch-
emia, while early technical success is slightly lower
or similar. Less favorable results with thromboly-
sis are achieved when the distal arteries also are
obstructed.

Acute Upper Extremity Ischemia
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47 M s Summary

Up to 25% of patients with abdominal
trauma may have major vascular injury.
Shock out of proportion to the extent of ex-
ternal injury suggests abdominal vascular
injury.

Isolated abdominal injury in patients with
shock suggests major vascular injury that
requires emergency laparotomy for con-
trol.

After the abdomen is entered, immediate
control of the supraceliac aorta should be
considered before continuing the opera-
tion.

Retroperitoneal hematomas should not be
explored right away unless they are actively
bleeding.

Stopping the procedure after the initial ex-
ploration for damage control to allow time
for resuscitation in the intensive care unit
is often a reasonable initial treatment.

If the patient’s condition allows and if en-
dovascular methods are available, consider
placing an aortic balloon from the left bra-
chial artery for temporary occlusion.
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M s> Background
N 5.2.1 Background

Abdominal vascular trauma is fairly common in
modern civilian life and is a highly lethal injury,
with overall mortality around 40% in some
reported series. The main cause for this high
mortality relates to problems transporting injured
patients to the hospital fast enough to prevent ex-
sanguination. Furthermore, abdominal vascular
injuries are rarely isolated, and other organs are
often severely damaged as well. These factors
make it essential to resuscitate promptly and es-
tablish a rapid diagnosis.

The surgeon managing patients with major ab-
dominal injuries must be experienced with vascu-
lar surgical techniques and be able to expose the
aorta and its main branches, as well as the vena
cava. Dissection and the extensive organ mobili-
zation required for control and repair are often
difficult. It is therefore important to develop a
routine that can be employed during exploration
and control.

W 522 Magnitude of the Problem

Major abdominal vascular injury is seen in up to
25% of patients admitted with vascular trauma.
Blunt trauma is more common than penetrating
trauma in most European countries, while the op-
posite is reported in areas where gunshot wounds
are more frequent. Abdominal injury represents
10-20% of all traumas to the body caused by road
traffic accidents. Major vascular injury is estimat-
ed to occur in about 10% of cases of penetrating
stab wounds in the abdomen and in about 25% of
gunshot wounds. Blunt abdominal trauma affects
major vessels less frequently, estimates of below
5% is common in the literature.

NOTE
Major vascular injury is rather common
after abdominal trauma.

Abdominal Vascular Injuries

W 523 Etiology and Pathophysiology

5.2.3.1 Penetrating Injury

Penetrating injury creates the types of damage
that are common for most arteries — transection,
laceration, intimal dissection, and thrombosis, as
well as false aneurysms and arteriovenous fistula
formation. The first two are more common after
stab wounds. Gunshot wounds inflict more wide-
spread damage to the vessel wall, depending on
the bullet’s velocity. For example, high-velocity
missiles at speeds >700 m/sec cause up to 20 times
more damage than low-velocity projectiles. An
artery located within 10-15 cm of the trajectory
regularly thromboses after a high-velocity gun-
shot injury.

5.2.3.2 BluntInjury

Typically, blunt injury to abdominal vessels occurs
after road traffic accidents or falls from heights.
Most commonly damaged are upper abdominal
arteries and veins such as the infrarenal aorta. The
mechanism is compression of the aorta against the
lumbar spine by the steering wheel, especially
when seat belts are not used. This causes intimal
tears and thrombosis of the aorta. Full-blown rup-
ture has also been reported. Vessel injuries are
much less frequent when seat belts are used. Avul-
sion of branches is also common and there is a
high incidence of associated injury to the small
arteries. Veins are usually not affected by blunt
trauma, except for the left renal vein. Major ab-
dominal injuries may cause avulsion of arteries; in
descending order of occurrence the vessels injured
are the left renal vein, the renal arteries, the supe-
rior mesenteric artery (SMA), and the abdominal
aorta just distal to the renal arteries.

5.2.3.3 Pathophysiology
When an artery is perforated, blood extravasates
into surrounding tissues, causing a hematoma that
counteracts the blood pressure and facilitates
spontaneous closure of the hole in the vessel.
When a vein is damaged, tamponade of the bleed-
ing often occurs, especially if retroperitoneal, un-
less the peritoneum is torn or is entered during
laparotomy. If vein damage is caused by a pelvic
fracture a cavity is created around the fragments,
preventing effective tamponade, and the bleeding
continues. Venous and arterial bleeding within



the mesentery is also enhanced by the same mech-
anism. The high blood flow through major arter-
ies in the abdomen makes spontaneous cessation
of bleeding less likely. Even the aorta, however, has
been reported to seal spontaneously after pene-
trating trauma when it is completely transected. If
an artery is partially lacerated, the severed ends
cannot contract; the hole is held open, and blood
flows more easily into the abdominal cavity. Pa-
tients rarely survive for long in this circumstance.
There are two principle mechanisms of vascu-
lar injury in blunt abdominal trauma: compres-
sion and deceleration forces. The former may cause
crush injuries and intramural hematoma or lacer-
ations. The latter cause stretching that creates ten-
sion between fixed and movable organs, leading to
avulsion or intimal disruption and thrombosis.

5.2.3.4 Associated Injuries

Any and all organs within the abdomen may be
injured in association with a major vessel injury. A
general rule is that for every major vascular injury,
three to four other organs are damaged as well.
The rate depends on the etiology of the trauma,
the location on the abdominal wall where the im-
pact or wound is located, and the direction of the
traumatic force. Table 5.1 gives an estimation of
the likelihood of injury to individual organs in
association with major vascular injury.

In general, blunt injury is more commonly as-
sociated with injury to many other organs, while
this is slightly less likely for penetrating trauma.
The small bowel is often injured by blunt trauma,
and the kidneys and spleen are frequently dam-
aged in both trauma types.

5.3 Clinical Presentation

B 5.3 Clinical Presentation
W 5.3.1 Medical History

In patients who arrive to the emergency depart-
ment in shock with signs of penetrating or blunt
abdominal injury, the medical history does not
add much to the management, although informa-
tion about the mechanism of trauma is useful
when estimating the risk of associated injuries
(Table 5.1). Knowing exactly when the injury oc-
curred and when the patient became unconscious
may assist in predicting outcome.

Stable patients allows more time to gather in-
formation, and it is possible to ask direct questions
about the injury. This may provide important
clues about the possibility for major vascular
injury. For example, patients with contained he-
matomas are either stable or have a history of a
transient hypotensive period. This information is
easy to get from Emergency medical personnel.
Patients complaining of increasing abdominal
pain after either penetrating or blunt trauma
should be suspected of bleeding intraabdominally,
especially if the blood pressure is decreasing.
Shoulder pain and pain when breathing indicate
referred pain from blood irritating the diaphragm.
Patients should be asked about leg pain as an indi-
cation of arterial occlusion or embolization; this
is particularly important after blunt trauma. A
history of hematuria indicates renal or bladder
trauma.

Table 5.1. Probability of organ injury together with major arterial injury in the abdomen (compiled from seven

case series)

Stabbing
Liver +
Pancreas ++
Stomach 4
Kidney +++
Spleen ++
Duodenum
Small bowel +
Colon ++

Gunshot Blunt trauma
++ +++
+ ++
++ ++
++ ++
+++
++ ++

A i
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™ 5.3.2 Clinical Signs and Symptoms

The patient who presents with shock a short time
after injury to the abdomen should be presumed
to have a major vascular injury, with bleeding
directly into the peritoneal cavity. Increasing ab-
dominal distension or persistent hypotension de-
spite aggressive resuscitation are other signs sug-
gestive of continuing bleeding from an injured
vessel, liver, or spleen. Shock out of proportion to
the extent of external injuries, including fractures,
suggests abdominal vascular injury as the cause of
the bleeding. The finding of a mass during palpa-
tion, which is sometimes enlarging and pulsating,
strongly suggests major vessel damage. The ana-
tomical location gives some hint about the specific
vessel injured.

NOTE
Abdominal distension and shock out of
proportion to the extent of external
injuries indicate major vascular trauma.

In stable patients, assessment should include the
location of the wounds to assess the likelihood for
intraabdominal injury. As a general rule, all pen-
etrating wounds between the nipple line and the
groin should be presumed to have penetrated the
abdominal wall. Penetrating wounds in the mid-
line carry a substantial risk for aortic and vena ca-
val injury, but lateral wounds can also cause injury
to these structures. Wounds around the umbilicus
indicates that the bifurcation of these vessels is
likely to be affected. Entrance wounds located be-
low the umbilicus suggest iliac vessel injury. A tra-
jectory of a gunshot wound that passes the midline
also indicated major vascular trauma. It has to be
remembered, however, that it is notoriously diffi-
cult to assess trajectories, and bone and even the
muscle fascia may deflect bullets. The victim’s
body position at the time of injury can also influ-
ence which structures are damaged. Intraabdomi-
nal injuries may also be a result of wounds to the
back and buttocks.

Large hematomas tend to cause abdominal dis-
tension and tenderness in conscious patients. Ten-
derness may also be a result of peritonitis due to
contamination by perforated bowel or bowel isch-
emia. Blood in the urine, rectum, vagina, or a na-
sogastric tube also indicates intraperitoneal pene-
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tration. Signs of a pelvic fracture should lead to a
high suspicion for iliac vessel damage.

Distal ischemia should also be excluded, and
palpation of pulses in the groins and distally is
obligatory after any major trauma. Particularly
after blunt trauma, distal ischemia may be the
only sign suggesting vessel damage. Unfortunate-
ly, 25% of patients who experience blunt trauma
causing some degree of arterial obstruction have
normal femoral pulses. Physical examination
should also include an assessment of the “six Ps”
(see Chapter 10, p. 121). In hemodynamically sta-
ble patients with abnormal pulse examination, the
ankle-brachial index (ABI) should be measured
to aid in assessing limb ischemia. An ABI <0.9 -
especially unilaterally - implies some degree of
vessel obstruction. In general, trauma patients
tend to be young and therefore do not have sig-
nificant atherosclerosis, so an asymmetrical ABI
could be the only clue to an occult vascular injury.
Penetrating injury together with absent pulses
strongly indicates trauma to a major axial artery.

Mss Diagnostics

In some circumstances, patients are so unstable
that they must be taken to the operating room for
laparotomy without diagnostic procedures. In
stable multitrauma patients in whom laparotomy
is not indicated for other reasons, additional
diagnostic measures may identify major vascular
injury, determine the extent of damage to other
organs, and facilitate treatment planning.
Ultrasonography can and should be performed
in most patients with abdominal trauma, regard-
less of their condition. The abdomen can be
scanned in the emergency department without
moving the patient and often takes less than 10 min
to perform. Its main objective is to detect hemo-
peritoneum as a possible source of hypotension. It
may also detect large hematomas and pseudoaneu-
rysms, but often misses retroperitoneal hemor-
rhage. Ultrasound also has low sensitivity for de-
tecting and excluding injuries to other organs such
as the intestines, liver, spleen, and kidneys.
Computed tomography (CT) has become a
valuable and widely used tool for evaluating most
stable patients with abdominal trauma. The CT
scan provides detailed information about the ret-



Fig. 5.1. An example of computed tomography show-
ing retroperitoneal bleeding caused by blunt abdomi-
nal trauma

roperitoneal space, presence of hemoperitoneum,
active bleeding, false aneurysms, and damage to
other organs. The main limitation is its inability to
identify intestinal perforation, diaphragmatic in-
juries, and mesenteric tears. For blunt trauma it
gives information about the extent of damage to
the liver and spleen and thereby often identifies
patients who do not need laparotomy and those
who should undergo arteriography. Because CT is
unreliable in diagnosing intestinal perforation, it
has not been as valuable after penetrating trauma.
The use of contemporary spiral CT with intrave-
nous contrast has made it possible to detect active
bleeding, missile paths, and visceral perforation in
both blunt and penetrating trauma. For most ab-
dominal vascular injuries in stable patients, it is an
excellent screening tool, and when enhanced by
contrast, bleeding and vessel thrombosis can also
be diagnosed. Examples include detection of renal
and visceral artery injuries, as seen in Fig. 5.1.

Some authors have recently suggested that CT
should be performed even in unstable patients in
order to reduce the number of unnecessary lapa-
rotomies. This concept depends in part on the
availability of CT, its location in the hospital and
on a strict management protocol.

Angiography is rarely used today to diagnose
arterial injury after abdominal trauma. Excep-
tions are stable patients with no signs of peritonitis
for whom a CT scan has given some indirect evi-

5.4 Diagnostics

dence of arterial damage. The arteriogram is then
the initial step in an endovascular procedure
for definite treatment. Examples are arteriovenous
fistulas, pseudoaneurysm, active bleeding from
branch vessels, liver and spleen injuries, and pelvic
fractures. Other indications for angiography are
to diagnose suspected minor arterial lesions after
blunt trauma and to assess patients with signs of
organ or distal ischemia. Examples include aortic
and renal artery intimal tears and thrombosis.

A plain x-ray may be indicated in patients with
gunshot wounds in order to locate the bullet, to
facilitate estimation of the trajectory after apply-
ing markers at the entry and exit sites. If the bullet
is suspected to have passed through regions where
major vessels are located, angiography may be
indicated. Plain x-ray can also identify gas in the
abdominal cavity. Most of this information can
also be gained from CT.

Diagnostic peritoneal lavage (DPL) was the
standard way to diagnose intraabdominal bleed-
ing before the CT era. Because of its invasiveness
and the very high sensitivity in detecting even
minute intraabdominal bleedings that often does
not need surgical repair, it is much less often per-
formed today. Furthermore, it may not detect even
significant retroperitoneal bleeding. DPL is indi-
cated in unstable patients when it is vital to deter-
mine the source of bleeding and when ultrasound
is inconclusive and CT not possible to perform. It
may also be considered in stable patients when CT
and ultrasound are not available or in multitrau-
ma patients who require neurological or orthope-
dic operations and therefore will be inaccessible
for evaluation for long time periods. Technical
details about DPL are beyond the scope of this
text, so for descriptions on how to carry out DPL,
we recommend textbooks on abdominal trauma.

Intravenous pyelography (IVP) is a tool for di-
agnosing renal vascular injury that largely has
been replaced by CT. It may still have a place in the
operating room because it can be used during sur-
gery. The sign of renal vascular injury is lack of the
appearance of contrast in one of the kidneys. Its
main limitation is low sensitivity, and up to a third
of patients with vascular injury have normal IVPs

Laparoscopy has yet to find its place for evalu-
ating patients with suspected abdominal vascular
injury. It requires an operating suite and general
anesthesia, it cannot easily evaluate the retroperi-
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toneal space, and even small amounts of intraab-
dominal bleeding may disturb visualization. Its
main advantage is reported to be diagnosis of dia-
phragmatic injuries in stable patients.

M ss Management and Treatment
. 5.5.1 Management Before Treatment

5.5.1.1 Treatment and Management

in the Emergency Department
The early management should follow the ABCs of
trauma resuscitation. Patients in shock should be
intubated and ventilated with 100% oxygen, and at
least two large intravenous (IV) lines should be
inserted, preferably in the upper extremity. Fluid
replacement through vascular access in the lower
extremities may extravasate and not reach the
heart if pelvic veins or the vena cava are injured.
The strategy and technique for obtaining rapid ve-
nous access in trauma are described in Chapter 11,
p. 137. When the lines are in place blood should be
drawn for routine analysis and blood typing and
cross-matching. Laboratory studies follow stan-
dard trauma management and should also include
acid-base balance, serum amylase, and urineanal-
ysis. Fluid resuscitation with warm lactated Ring-
er’s solution is continued or started. If the patient
has obvious severe blood loss, blood and plasma
are added as soon as possible. Platelet substitution
should also be considered. A Foley catheter and a
nasogastric tube should be inserted in all patients
with abdominal trauma. Hypothermia must be
prevented by all means.

Physical examination should be done during
the second survey, and the findings lead the man-
agement. For some patients, further diagnostic
procedures will determine whether they require
surgery or nonsurgical treatment. Ultrasound, for
instance, performed in the emergency department
can rule out or verify intraabdominal bleeding.
Patients with associated thoracic injury should
undergo chest x-ray to detect hemothorax and
other thoracic injuries as possible sources of
bleeding. However, as outlined below, CT is now
the most important diagnostic modality for stable
patients.

Abdominal Vascular Injuries

5.5.1.2 Unstable Patients

The management of unstable patients is summa-
rized in Table 5.2. Patients in shock with isolated
abdominal injury should undergo emergency lap-
arotomy. An abdominal ultrasound scan is needed
in multiply injured patients with injuries in the
thorax, head, or extremities. Unstable patients
with multiple injuries and a negative ultrasound
scan are a specific diagnostic problem. It may be
worthwhile to pursue the evaluation to rule out
abdominal bleeding as a possible cause of hypo-
tension in these patients. If they are in severe
shock, DPL may be indicated to rule out intra-
abdominal origin of the bleeding. CT may also
be an option in “less” unstable patients, especially
if there is improvement with resuscitation and CT
is readily available.

NOTE
Unstable patients with a negative ultra-
sound scan pose a particular diagnostic
problem when trying to exclude a major
vascular abdominal injury.

If DPL is negative, the cause of bleeding is likely to
be outside the abdomen, but false negatives can
occur. DPL may miss a serious retroperitoneal
bleeding. The ultimate management will then be a
matter of clinical judgment regarding whether the
patient will tolerate a CT scan or must be moved to
the operating room for emergency laparotomy.
The boxes in Table 5.2 indicating “maybe” repre-
sent circumstances in which clinical judgment is
especially important for the management.

If the patient is severely unstable and probably
not tolerates examination with CT, DPL could
possibly rule out intraperitoneal hemorrhage. A
positive DPL is an indication for surgery, while a
negative DPL points to the need for continued
evaluation as discussed above. More resuscitation,
for example, may be attempted followed by a CT
scan under close surveillance.

Emergency Thoracotomy
Patients with penetrating abdominal injury who
are unconscious and have prolonged severe hypo-
tension (<70 mmHg) but no other apparent inju-
ries causing the shock may occasionally be saved
by immediate proximal control of the aorta in
the emergency/operating room. Cross-clamping
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Table 5.2. Management of abdominal injuries when vascular damage is suspected

Patient’s Other Ultrasonography Computed Diagnostic Surgery
condition  injuries tomography peritoneal lavage
Finding Finding Finding
Unstable No No No No Yes
(Yes®)
Yes Yes Positive No No Yes
Negative =~ Maybe Maybe Positive ~ Yes
Negative =~ Maybe
Stable Yes/no No Yes Positive ~ No Maybe
Negative ~ No Observation

*After blunt trauma, all patients should undergo ultrasonography.

of the descending thoracic aorta through a thora-
cotomy in the 4th or 5th interspace may then be
attempted if the patient is believed to have a realis-
tic chance of survival (e.g., became moribund in
the emergency department or lost measurable
blood pressure during the last part of the trans-
port to the hospital). The technique is briefly sum-
marized in Chapter 2 (p. 22). Aortic clamping be-
fore laparotomy can facilitate perfusion through
the coronary and carotid arteries and prevent fur-
ther bleeding during laparotomy. Deterioration is
common in these severely ill patients when the ab-
dominal wall is incised and the tamponade it
maintains is released. It is disappointing, however,
how seldom this maneuver leads to the patient’s
survival.

5.5.1.3 Stable Patients

Stable patients with clinical signs of peritonitis af-
ter penetrating trauma should undergo laparoto-
my without delay for diagnostic procedures. All
others — with either blunt or penetrating trauma
- should be evaluated with CT to reveal the extent
of injury (Table 5.2). If ultrasonography in the
emergency department is performed routinely in
all trauma patients, it can be added to the diagnos-
tic process, but most stable patients admitted after
blunt trauma will need CT scanning regardless of
ultrasound findings. For example, surgery is indi-
cated for patients with ongoing active bleeding,
aortic thrombosis, or large hematomas caused by
organ injury. For other injuries, such as branch
vessel bleeding, renal or SMA thrombosis, and
pelvic arterial injuries, angiography followed by
endovascular treatment is often the best option.

Stable patients undergoing CT must be super-
vised at all times because they may become un-
stable quickly. Personnel must therefore be skilled
in assessing vital signs and the abdomen through-
out the examination.

5.5.1.4 Laparotomy or Not?

Unnecessary laparotomy is performed in up to
25% of patients with abdominal trauma and is as-
sociated with considerable morbidity and cost.
Nonoperative treatment has therefore grown in
popularity but has to be balanced against the price
of missed injuries. This approach has increased
the need for additional diagnostic procedures to
aid the decision process. Table 5.2 summarizes
these diagnostic modalities and how they can be
used for managing the patients.

Nonoperative treatment is particularly appeal-
ing in stable and multitrauma patients. Examples
of injuries that may be treated nonoperatively are
some liver, spleen, and renal injuries. For detailed
discussion on this subject, we recommend text-
books on trauma. Vascular injuries may be treated
without open surgery using endovascular meth-
ods. One example is embolization of bleeding pel-
vic vessels caused by pelvic fractures; another is
renal artery injuries.

5.5.1.5 Renal Artery Injuries
The most common type of renal vascular injury
after blunt trauma is thrombosis. This is usually
diagnosed by CT. For most blunt injuries, non-
operative treatment is appropriate if there are no
other indications for operative intervention, such
as when the diagnosis is made more than 12 h after
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the trauma occurred. Reconstruction attempts
after renal ischemia of over 10-12 h are usually
futile, and the kidney will not regain its function
if this time limit is passed; however, successful
revascularization has been performed after 24 h of
ischemia. Exceptions when salvage may be tried
after longer ischemia times, are bilateral renal
ischemia, and patients with retrograde blood flow
as observed on an arteriogram indicating some
collateral supply.

Renal artery thrombosis following trauma can
usually be treated by angioplasty and stenting,
provided that rapid access to the angiosuite is pos-
sible. Also, minor lesions such as intimal flaps in
the renal arteries do not always need surgical
treatment. Such minor lesions should be treated by
observation. This includes patients with segmen-
tal parenchymal ischemia. Accordingly, surgical
reconstruction is saved for patients with active
bleeding and for situations when the diagnosis is
made during laparotomy.

N 5.5.2 Operation

5.5.2.1 Preoperative Preparation

The following section describes the recommended
procedure for a patient with active intraabdomi-
nal bleeding. It is also applicable for stable patients
in whom more time is initially available. Regard-
less, the patient should be prepped from the chin
to the knees so thoracic and groin vessel access
is possible if required. The saphenous vein must
also be accessible for harvest. After the patient is
prepped and draped and the surgeon is dressed
and ready, the patient is quickly anesthetized fol-
lowed by the start of the operation.

5.5.2.2 Exploration

Exploration
A midline incision from the xiphoid process to the
pubic bone is best for most situations. It is impor-
tant to divide fat and fascia for the entire length of
the wound before the peritoneum is incised. The
peritoneum is then opened rapidly - particularly
if the blood pressure drops after the abdomen is
entered — and the lesser omentum is opened and
widened using fingers. The aorta is palpated with
the index finger and can be occluded manually or
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by compressing it against the spine with an aortic
occluder. To perform this maneuver it is some-
times necessary to mobilize the left lobe of the
liver to the right, as described in Chapter 7 (pp. 83,
84). If the hematoma is located above the trans-
verse mesocolon and aortic compression does not
rise the blood pressure, supraceliac or juxtaceliac
bleeding should be suspected. Extension of the in-
cision into the thoracic area to obtain occlusion of
the descending thoracic aorta is then recommend-
ed. This can be accomplished by dividing the
diaphragmatic crura and rarely requires median
sternotomy.

The aortic compression or occlusion is main-
tained while evacuating blood and blood clots. Re-
member that blood clots tend to accumulate close
to the bleeding site. Next, all sites where active
bleeding is noticed or suspected are packed with
laparotomy pads. Such pads usually stop even
quite substantial bleeding from the liver and
spleen as well as all venous bleedings, including
bleeding from the vena cava. Bleeding from the
aorta, iliac, celiac axis, SMA, and renal arteries, on
the other hand, will usually continue despite pack-
ing if the aortic occlusion is released and the pa-
tient not is hypotensive. Visual large arterial hem-
orrage may be handled without further dissection,
by ligature but one must be careful not to interrupt
the proximal SMA, aorta, or the renal arteries.
Temporary shunting may be a solution for these
vessels.

So far the whole procedure should take less
than 10-20 min.

NOTE
For patients in shock, the peritoneum is
left intact until the fascia is opened in its
entire length to preserve the peritoneal
tamponade as long as possible.

At this point, bleeding sources and their serious-
ness are assessed. If the patient is hypothermic
and has coagulopathy, the best decision could be
to stop the procedure, to temporarily close the ab-
domen and continue resuscitation in the intensive
care unit. This option, or “damage control” break,
may be considered even with some continuing ac-
tive bleeding. Damaged bowel segments are ligated
and injured ureters externalized before temporary
closure of the skin. The other option is to continue



the operation by focusing on definite control of
the most severe bleeding sites.

NOTE
Aortic compression at the supraceliac
level is often a good way to achieve
temporary proximal control while
assessing the damage.

Exposure and Control
Before the operation for definitive control contin-
ues, packing is reinforced by adding more pads.
Those packs should reapproximate disrupted tis-
sue planes if possible. Minor bleeding sites should
be left for later, unless they disturb the surgical
field. If the main bleeding appears to come from
the aorta at the suprarenal or juxtarenal level, the
manual supraceliac aortic occlusion is changed to
a clamp. During the time needed for the initial ex-
ploration described before, resuscitation can often
improve the patient’s condition enough to allow
temporary release of the aortic occlusion. If not, it
is often wise to wait a while before trying to clamp
the supraceliac aorta more permanently. The aorta
is freed by finger dissection, sporadically aided by
cutting the muscle fibers from the diaphragmatic
crus with a long-bladed pair of scissors. This
exposure is necessary for clamp placement. The
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B Suprarenal Aorta and its Branches

The best way to expose the suprarenal aorta, the
origin of the SMA, the celiac axis, and the left renal
artery is to perform a “left medial visceral rota-
tion.” Divide the peritoneal reflection of the de-
scending colon, release the splenic flexure, and
cut the attachments between the spleen and the
diaphragm. Rotate the table slightly to the right
and move all viscera, including the colon, small
bowel, spleen, and the gastric fundus, to the right
side of the abdomen and cover all organs in large,
moist lap pads. This maneuver can be employed
either in a plane dorsal to the left kidney — which
will include the kidney with the viscera rotated to
the right — or ventral to the kidney. It is slightly
more difficult to find the appropriate dissection
plane for the latter approach, but this is more
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technique is further described in Chapter 7 (p. 84).
While the exposure also gives satisfactory proxi-
mal control to repair infrarenal aortic injuries,
the clamp should be moved to an infrarenal site as
soon as possible. If the patient’s condition allows
and endovascular methods are available, the place-
ment of an aortic balloon through a left brachial
or femoral artery access, is of great potential value.
This is best performed in the operating room. It
makes temporary occlusion of the aorta at differ-
ent levels possible in case of uncontrollable bleed-
ing during dissection. The technique is also de-
scribed in Chapter 7 (p. 83).

The technique for vascular exposure and final
control of other bleeding sites is described in the
Technical Tips box. Active bleeding from arteries
and veins around the liver hilus can be controlled
by using the “Pringle maneuver” - digital occlu-
sion of the hepatoduodenal ligament - followed by
careful dissection of the separate vessels.

NOTE
Stopping the procedure after the initial
exploration of damage control to allow
time for resuscitation in the intensive
care unit is often a reasonable initial
treatment.

practical for repairing most injuries. On the other
hand, including the left kidney with the rotated
viscera gives access to the posterior wall of the
aorta. When performed, little additional dissec-
tion enables proximal control using a Satinsky
clamp. The clamp is placed as distal as possible on
the aorta but sufficiently above the wounded area
to permit repair. Distal control is achieved by
clamps, balloons, or a Foley catheter.

Injuries to the portal vein are exposed and con-
trolled by dividing the head of the pancreas be-
tween clamps or staplers to control the superior
mesenteric and splenic veins. Sometimes the gas-
troduodenal artery must be divided to facilitate
exposure. (See Fig. 5.2.)

\4
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TECHNICAL TIPS

B Vena Cava and Right Renal Vein
and Artery

Exposure of the infrahepatic vena cava and the
right side of aorta, including the portal vein and
the distal part of the SMA, is initiated by dividing
the attachments of the ascending colon, including
the hepatic flexure. Mobilize the colon, duode-
num, and the head of pancreas medially - perform
a full “Kocher maneuver” by dividing the lateral,
superior, and inferior attachments of the duode-
num - and cover the organs in lap pads and place
them under retractors. When the dissection is con-
tinued through the hematoma, the renal vein is
encountered first. To enable mobilization upward
and downward, it is banded and freed from sur-
rounding tissue. The renal artery is usually located
below or somewhat cranially to the vein. Proximal
control of the renal artery is accomplished either
on the left side of the vena cava or below the renal
vein. A DeBakey clamp is used unless the injury is
located close to the arterial origin; then partial
aortic occlusion with a larger clamp is necessary.
As shown in Fig. 5.2, venous control is accom-
plished by digital or sponge-stick compression of
the vena cava distal and proximal to the wounded
area. Another option for control during vena cava
repair is to insert a Foley catheter into the injured
vessel and inflate the balloon in the hole. Dorsal
cava injuries at the level of the renal vein some-
times necessitate mobilization and medial rota-
tion of the right kidney to expose the wounded
area. This approach is also the best way to expose
the portal vein within the head of the pancreas.
The reason why it works is that it is the most dorsal
structure in the portal triad (Fig. 5.3).

B Retrohepatic Vena Cava

First, the inflow to the liver — the hepatic artery
and portal vein - is clamped together with the
bile duct. Use a small angled vascular clamp. Sec-
ond, the infrahepatic vena cava is freed as de-
scribed above and carefully cross-clamped proxi-
mal to the renal veins. Third, the proximal aorta
is exposed to be ready for cross-clamping if the
patient becomes hypotensive due to the cava
disruption. This exploration is performed through
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the omentum minus as described in the main text.
The recommendation is to clamp the aorta if the
blood pressure falls to 60 mmHg or less. If possi-
ble, infrarenal cross-clamping is employed, espe-
cially if clamping is required for a long time to
achieve vascular repair. The fourth step is to mobi-
lize the liver by dividing all hepatic ligaments - the
falciform, teres, and right and left triangular liga-
ments — and clamp the suprarenal cava. This must
be done with care so the bleeding does not in-
crease. Control of the proximal vena cava can be
achieved below the diaphragm by continuing the
blunt and sharp dissection through the falciform
ligament. At this level the vena cava is freed cir-
cumferentially to permit clamping well above the
hepatic veins. Sometimes supradiaphragmatic ex-
posure is necessary. A right anterolateral incision
is then made in the diaphragm, and the dissection
is continued by opening the dorsal pericardial
fold until the suprahepatic vena cava is reached.
Finally, the liver is mobilized upward from the
right and left to expose as much as possible of the
retrohepatic vena cava.

B Infrarenal Aorta

The aorta is exposed as for elective aortic proce-
dures. Wrap the small bowel in moist lap pads and
move it to the right side of the abdomen. Incise
the peritoneal reflection over the distal portions
of the duodenum and mobilize it to the right and
cephalad. Open the peritoneum directly over the
infrarenal aorta and free it from surrounding tis-
sue so that a clamp can be placed proximal to the
injury. Another clamp distally or a Foley catheter
inserted in the hole is used for distal control. If the
injury is in one of the common iliac arteries or is
close to the bifurcation, the iliac arteries must be
controlled distally. Dissection and clamping of
particularly the right common iliac artery must be
done with care so the iliac vein located under-
neath not is damaged. If the iliac veins are injured,
exposure sometimes necessitates temporary divi-
sion of the iliac artery to reach the injured vein.
Control is obtained by manual compression.



B lliac Arteries and Veins

The iliac arteries on the right side are found after
mobilizing the small bowel to the left and the ce-
cum proximally. The left-sided arteries are found

after mobilizing the sigmoid colon to the right
and incising the peritoneum. The arteries and
veins are usually quite easy to separate and con-
trol at this level. .

Fig.5.2. Medial rightward rotation of the left viscera,
exposing the aorta from the diaphragm and all the
way down to the iliac arteries (“left medial visceral rota-
tion”)

Fig. 5.3. Peritoneal incision for a “Kocher maneuver”
to mobilize the duodenum, small intestine, and right
colon for a “right medial visceral rotation.” This allows
exposure of the entire inferior vena cava, right renal,
and iliac vessels
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It is necessary to have previous experience in liver
surgery to successfully accomplish “total” control
of liver injuries, and the medial visceral rotation
for suprarenal aortic and cava exposure may also
be very difficult without experience.

Retrohepaticlnjuries. Particularly cumbersome
is control of injuries to the retrohepatic vena cava.
This type of exposure is difficult because the liver
covers the entire anterior surface of the vena cava.
The low number of patients surviving long enough
to arrive at the hospital with this type of injury
also makes it hard for most surgeons to gather
experience with it. The special problems encoun-
tered concern the difficult access (because, as
stated, the liver covers the vena cava) and the re-
duced blood volume returning to the heart when
the vena cava is clamped.

A number of methods have been suggested for
control. One example is atriocaval shunting by in-
serting a large tube into the vena cava through a
hole in right atrium’s appendage. In the Technical
Tips box, the technique for total clamping and
control directly without adjunctive measures is
described because we feel this may occasionally be
a practical approach for controlling unmanageable
bleeding from this area. For immediate control
during the exploratory procedure for total control
(clamping the aorta, the infrarenal vena cava, and
the suprahepatic vena cava and doing the Pringle
maneuver), the liver is compressed dorsally against
the spine manually and by using lap pads. Control
of bleeding by direct pressure is facilitated by di-
viding the falciform ligament and tilting the liver
downward. However, it is reasonable to refrain
from attempting to repair injuries to the retrohe-
patic vena cava and instead, as the only measure
taken, pack the liver to reduce the bleeding.

NOTE
Itis rarely sensible to try to repair retro-
hepatic vena cava injuries in unstable
patients.

Superior Mesenteric Artery Injuries. SMA in-
juries can also be quite difficult to expose and
control. The importance of the SMA for perfusing
the intestine makes SMA injuries particularly
cumbersome to manage. Delaying restoration of
flow more than 4-6 h inevitably leads to bowel
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necrosis and possibly death. “Medial visceral rota-
tion” or “high” infrarenal aortic exposure provides
access to the first 3-4 cm of the SMA, but the next
part of the vessel is incorporated in the pancreas.
Surgical hematomas in this area make the dissec-
tion even more difficult. Therefore, it has been
suggested that the pancreas shall be divided to
expose SMA injuries. Another option is to leave
the injured area and perform a bypass from the
aorta to a distal part of the SMA and ligate it at its
origin. When a large hematoma around the head
of the pancreas is encountered and the bowel is
ischemic, the middle part of the SMA is probably
injured, and such a bypass can be attempted for
maintaining bowel perfusion.

NOTE
The aorta, the renal arteries, and the
proximal part of the SMA should not
be ligated for control during damage
control surgery.

Retroperitoneal Hematomas
Particularly after blunt trauma, intact retroperito-
neal hematomas are a common finding during
laparotomy. If such hematomas are not bleeding
actively or expanding, they should not be explored
right away. Other injuries can be treated first if
needed and if sufficient time is available, addition-
al diagnostic work-up pursued. Hematomas with
signs of active bleeding and those that appear to be
expanding rapidly should be left intact until prox-
imal and distal control is achieved.

Even small hematomas can harbor significant
vessel injuries.

When the surgeon is selecting the approach
for vascular exposure and control, the location of
the hematoma should be considered. A midline
hematoma superior to the transverse mesocolon
indicates injury to the suprarenal aorta or its
branches. If combined with ischemic bowel signs,
injury to the SMA should be suspected. Blood in
the area of the portal triad suggests hepatic artery
or portal vein injury. A midline infrarenal aortic
or vena cava injury is suspected when the hemato-
ma is located below the mesocolon. Lateral perito-
neal hematomas occur after renal vessel and pa-
renchymal injuries. A pelvic hematoma indicate
iliac vessel damage.



Because of their propensity to contain major
vessel damage, it is recommended to explore most
hematomas in the midline. As mentioned in the
section on management (page 51), contained kid-
ney and renal vessel injuries after blunt trauma
can often be treated nonsurgically. Therefore, lat-
eral hematomas found after blunt injury should be
left intact. A common opinion is that, after pene-
trating injury, lateral hematomas should be ex-
plored because they are more often associated with
major vessel damage. Our recommendation, how-
ever, is to leave all nonexpanding lateral hemato-
mas, regardless of trauma mechanism. Instead, the
patient should undergo CT, IVP, or angiography to
rule out major vessel injury and urinary leaks.

The most common cause of pelvic hematomas
after blunt trauma is pelvic fracture. Hematomas
in this area should not be explored routinely. Even
if the pelvic hematoma is expanding, it is often
better to pack the pelvic area and continue the
work-up with arteriography. For penetrating trau-
ma, on the other hand, it is usually wise to explore
pelvic hematomas after securing proximal control
to exclude vessel damage.

5.5.2.4 Vessel Repair

The principles of repair are similar to those for all
other vascular injuries in the body. Lacerations
can be sutured directly, using polypropylene su-
ture appropriate to the vessel size. For larger holes
a patch is used to avoid vessel narrowing. Vein is
the preferred material. Complete transections can
occasionally be sutured end to end, but interposi-
tion grafting by using a saphenous vein is usually
needed. For renal, SMA, and celiac axis arterial
repair, the saphenous vein can be used as it is, but
for aortic injuries larger sizes are required. Then,
and if the abdomen is contaminated by perforated
bowel, a vein graft — which is more infection
resistant — is manufactured by suturing several
vein pieces together as described on Chapter 15,
p. 189. Otherwise, expanded polytetrafluoroethyl-
ene (ePTFE) or polyester grafts can be used. Se-
verely damaged vessels must be debrided to pro-
vide intact vessel walls before the anastomoses are
sutured. Vein lacerations and transection are
treated in exactly the same way as arteries. Some
vessels in the abdomen can also be ligated without
significant morbidity. This is discussed below,
listed in the same order as the areas described in
the previous section on exploration and control.

5.5 Management and Treatment

Arterial Injuries

In the suprarenal aortic area, the celiac axis can be
ligated for bleeding control and better exposure of
the aorta if injured. Although collateral supply to
the intestine is usually excellent in most trauma
patients, there is a substantial risk for gallbladder
necrosis. Therefore, celiac axis ligation is recom-
mended primarily in multitrauma high-risk pa-
tients in whom portal blood flow is intact. Aortic
injuries at this level are repaired by 3-0 or 4-0 su-
tures. The first 3-4 cm of SMA accessible through
suprarenal exposure must be repaired if injured.
The middle portion can be ligated provided that
blood flow through the celiac axis and inferior
mesenteric artery is intact. Accordingly, ligating
both the celiac axis and the SM A leads to extensive
necrosis and should not be done. A bypass from
the infrarenal aorta using saphenous vein to the
distal SMA is a good option if feasible. The left re-
nal artery should also be mended if possible; 5-0
sutures are often suitable, and patches are used
liberally for both renal artery and SMA repair. If
the left renal artery is severely damaged, nephrec-
tomy is an option to consider when the right kid-
ney is functioning properly.

The right renal artery is encountered during ex-
posure of the right infrarenal vena cava. As for the
left renal artery, repair is advisable. Injuries to the
distal SMA can be treated by ligature if repair is
not easy.

Repair of the infrarenal aorta is accomplished
by suture or graft interposition. For thrombosis
occurring after blunt trauma, it is important to re-
member to ensure that the vessel wall is in good
condition before suturing the anastomosis. If
injured, the inferior mesenteric artery is ligated as
close to the aorta as possible. Common iliac arter-
ies should be repaired using 5-0 sutures or graft
interposition. If either one of these vessels is ligat-
ed, amputation rates up to 50% have been report-
ed. Also, the external iliac arteries should be re-
paired, but the internal iliac arteries can be ligated.
Interrupting blood flow through one of the exter-
nal iliac arteries leads to almost the same amputa-
tion rate as ligating the common iliac arteries.
Proximal ligature followed by a femorofemoral
bypass is a good alternative for repairing unilat-
eral iliac artery injuries.

Injuries to the common hepatic artery in the
portal triad do not need to be repaired if portal
vein flow is adequate and there is no apparent liver
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damage. If the proper hepatic artery is ligated, the
gallbladder may become gangrenous and should
be excised liberally. If possible, lacerations in the
proper hepatic artery should be sutured, but the
artery must be separated from the portal vein and
the common bile duct to avoid injuries to these
structures. Splenic and gastric arteries can be
ligated without morbidity.

Venous Injuries

In general, venous injuries are more difficult to
manage than arterial ones. There are several rea-
sons for this. It is more difficult to expose and re-
pair vein injuries due to their thin and fragile
walls. Distal control is also more difficult to
achieve. While arterial backbleeding often is
sparse when the patient is in shock, distal bleeding
from injured veins increases after proximal con-
trol. For surgeons without experience in venous
surgery, the consequence is that it is difficult to re-
pair major venous injuries. Fortunately, many
veins can be ligated in difficult situations.

The left renal vein encountered during suprare-
nal aortic exposure can be ligated, preferably as
close to vena cava as possible to allow alternative
outflow through collaterals. Injured veins around
the celiac axis can also be ligated. If possible, the
proximal superior mesenteric vein should be re-
paired. This vein lies in close connection to the
SMA. Control is achieved by manual or rubber-
band occlusion while suturing the defect. If repair
is not possible, ligation leads to venous congestion
of the intestine. In general, this is quite well toler-
ated, and the patient usually survives. However, if
the patient becomes hypotensive in the postopera-
tive period, it may be fatal.

Infrahepatic vena cava injuries should be re-
paired if possible. Interrupted 4-0 sutures can be
used for most lacerations. For stab wounds pene-
trating both the ventral and dorsal part of the vein,
access for repair includes extending the anterior
opening to be able to close the hole on the dorsal
side from the inside. Alternatively, the vena cava is
dissected free and the lumbar branches secured
and rolled over to expose the wound for suturing.
(See Fig. 5.4.)

Small dorsal vena cava injuries not actively
bleeding can be observed. In multiply injured pa-
tients in bad condition, ligation rather than repair
may be preferable. This leads to leg swelling in the
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postoperative period but is usually well tolerated.
No effort should be spared to repair the right renal
vein if injured because, in contrast to the left side,
collateral venous outflow is essentially lacking. If
the vein must be ligated in difficult situations,
right-sided nephrectomy is warranted. Also, the
distal parts of the superficial mesenteric vein
should be repaired if straightforward. Portal vein
injuries are taken care of by venoraphy or graft
interposition using 5-0 sutures if reasonably easy.
Portacaval shunts have also been constructed to
repair injuries to the portal vein. It the patient is
hypotensive and hypothermic with extensive
injuries, it is wise to ligate the portal vein. In most
patient series, this maneuver is reported to be
associated with survival and low postoperative
portal hypertension rates.

NOTE
Repair of the right renal vein is important
to save renal function on this side.

Suspected injuries to the retrohepatic vena cava
area should be packed, and this is often sufficient
for permanent bleeding control. Repair of injuries
to the vena cava behind the liver and the few cen-
timeters of the right and left hepatic veins outside
it requires total vascular control as described pre-
viously. A few successful cases have been reported
in the literature. To facilitate repair, one branch
from the hepatic vein can be ligated without mor-
bidity. If the total venous outflow is compromised
by interruption of the entire hepatic vein, lobec-
tomy may be necessary. Clips can control caudate
veins behind the liver. Anecdotally, retrohepatic
caval injuries have been repaired through a liver
injury separating the lobes. Final access to the
cava may then be achieved by separating parts of
any remaining liver tissue using the “finger frac-
ture” technique.

Damaged common iliac veins and the first parts
of the vena cava are difficult to expose for repair.
The aortic bifurcation and the common iliac ar-
teries must be freed entirely to allow mobilization
and control of the veins. This includes division of
lumbar arteries and the sacral artery. As men-
tioned, temporary division of the left iliac artery is
often required to provide exposure of the left iliac
vein. Polypropylene suture, 5-0, is appropriate for
repair. A good option for multiply injured patients
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Fig. 5.4. a Manual control of bleeding from an injury
in the ventral wall of vena cava. b Repair of the dor-
sal injury of the vena cava through an anterior injury
after stabbing through both walls. Note that no vascu-

in shock is ligation of the distal vena cava or the
common iliac vein.

Distal iliac vein injuries should be repaired. Li-
gation of the internal iliac vein often facilitates re-
lease of the external iliac vein and provides better
exposure of the injured site. In high-risk patients if
repair is not feasible, a good option is ligation. Un-
fortunately, distal control of internal iliac veins is
difficult. Often the best way is to use compression
with a sponge-stick for distal control while sutur-
ing the lacerations. It is important to reduce bleed-
ing by closing the hole even if narrowing or ob-
struction of the vein is the final result.

Final Vascular Repair

After “Damage Control”
With any luck the patient will have improved he-
modynamically after a period of resuscitation in
the intensive care unit and does not have hypo-

lar clamps are used for bleeding control. ¢ Repair of a
dorsal injury after separation and rotation of the vena
cava

thermia, coagulopathy, or acidosis and is more
stable. He or she is then returned to the operating
room for final repair of vascular and other inju-
ries. When arterial injury is suspected at the pri-
mary operation, angiography should be performed
first to identify and provide information before
repair. This can take place any time between a few
hours to 10 days after the primary operation. The
second operation consists of meticulous explora-
tion of injured areas still bleeding, including he-
matomas and cavities. Any recurrent bleeding is
controlled and repaired as outlined previously.
Shunted vessel segments must also be controlled
and repaired. It is difficult to give well-founded
advice regarding final repair of previously ligated
vessels. A suggestion is to consider the hepatic ar-
tery and the SMA for secondary repair. It is usu-
ally not worthwhile to try to mend ligated veins.
After final repair of organ and intestinal injuries,
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the packs are removed and the abdomen closed. It
is not uncommon that renewed hemorrhage ne-
cessitates repacking and a second period in the
intensive care unit. It the literature this is reported
to happen in up to 10% of patients.

5.5.2.5 Finishing the Operation

After vascular repair, other injuries are taken care
of. For a detailed description, we recommend
trauma textbooks. If the peritoneal cavity is con-
taminated, careful cleansing using warmed fluids
is recommended. If possible, vascular anastomo-
ses should be covered with tissue. If the SMA and
proximal aorta are injured, it is important to as-
sess the viability of the intestine before closing the
abdomen. Sites of vessel repair should also be
checked one more time. Minor - and even quite
substantial — bleeding from such areas can be
managed by hemostatic adjuvant therapy, such as
local application of fibrin glue or gel (page 189).

. 5.5.3 Endovascular Treatment

Endoluminal aortic stent-graft repair has become
a possible option for blunt aortic injuries missed
during initial exploration, especially in the tho-
racic part of the aorta. In some of cases reported in
the literature, the injured aortic site causing dis-
section was treated by fenestration and stent place-
ment. Other patients had stable hematomas that
were examined with CT and found to involve par-
tial aortic occlusion. Also, injuries in the common
iliac artery caused by pelvic fracture have been
treated by stent-grafts. In one series, a few patients
had iliac artery occlusions that were passed with a
guide wire and then successfully treated with a
covered stent. This approach may be particularly
tempting when conventional repair is not possible
due to associated injuries and pelvic hematoma.
Angiography and subsequent embolization of
branches from the internal iliac artery for bleed-
ing due to pelvic fracture is successful in many
instances. One should remember that in up to 5%
of patients, gluteal muscle necrosis occurs after
such branch embolization.

Blunt and penetrating renal trauma can also be
managed by endovascular methods. Selective em-
bolization of bleeding renal artery branches is of-
ten successful. Isolated dissection and subsequent
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thrombosis of a renal artery after blunt trauma di-
agnosed during early management is preferably
treated by angioplasty and stenting, providing that
angiography facilities are available and that such
management does not delay final treatment.

Blunt abdominal trauma causing splenic injury
can also be treated by endovascular embolization.
In most published patient series, CT has been in-
sufficient for selecting patients for endovascular
therapy, and diagnostic angiography is recom-
mended to rule out this possibility. High-quality
CT angiography, however, readily identifies such
lesions. Observed patients who continue to require
fluids and blood because of the organ injury
should undergo arteriography to rule out treatable
injuries. Examples are intraperitoneal or intrapa-
renchymal contrast extravasation and vessel trun-
cation, which are all amenable to embolization.
Treatment then consists of selective catheteriza-
tion and injection of microcoils.

The late consequences of abdominal vascular
injuries - pseudoaneurysm and arteriovenous fis-
tula - can also be treated by endovascular meth-
ods in most locations. To our knowledge, there are
no reports of successful endovascular treatment of
venous injuries in the abdomen.

. 5.5.4 Management After Treatment

It is obvious that patients with abdominal vascular
injuries have a high risk for developing serious
complications in the postoperative period. Hypo-
tension due to continued blood loss is common,
and reoperation should be employed liberally. Vis-
ceral and leg ischemia may also occur due to li-
gated or thrombosed repaired vessel segments.
The abdominal appearance and leg perfusion must
therefore be monitored meticulously in the post-
operative period. Examination should, besides ab-
dominal palpation, consist of a rectal examination
and inspection of the nasogastric tube to check for
blood. Renal artery thrombosis may manifest as
flank pain and a temporary rise in serum creati-
nine. Occasionally, emergency nephrectomy is
necessary in the postoperative period due to pain
or a very high blood pressure.

As mentioned before, it is extremely important
to keep the blood pressure at adequate levels if the
intestinal blood supply is compromised by a delib-



erate ligation during exploration. Extra careful
cardiac monitoring, fluid resuscitation, and phar-
macological blood pressure adjustment are war-
ranted. If intestinal ischemia is suspected, imme-
diate relaparotomy is indicated.

Swelling after vein ligation or thrombosis of a
repaired major vein segment is also a common
problem. The measures recommended to mini-
mize this problem are supplying the patient with
compression stockings and infusing dextran to
optimize the rheology of the blood. Furthermore,
as soon as the patient is hemodynamically stable,
standardized heparinization should be initiated.
Patients with repaired injuries in the portal vein
and the superior mesenteric vein may also develop
portal hypertension and hepatic failure.

Antibiotics should be continued postopera-
tively. Patients arriving in shock are prone to
infection, especially if intestinal perforation is
part of the trauma spectrum. Careful monitoring
of infection signs is necessary, and CT examina-
tion is indicated if intraabdominal infection is
suspected.

B 5.6 Results and Outcome

Outcome after abdominal vascular trauma is
strongly related to whether shock is present at ar-
rival. The time elapsing from the trauma to the
patient’s arrival at the hospital is important. For
example, few patients survived penetrating ab-
dominal vascular trauma during World War II,
whereas 42% did during the Vietnam War. In se-
ries from civilian life looking at survival of pa-
tients with aortic or vena cava injuries arriving
alive to the hospital, around half have been report-
ed to survive. Besides shock, free bleeding in the
peritoneal cavity and suprarenal location of the
injury are risk factors for poor outcome. Survival
rates after blunt trauma are around 75% in the
literature. Observational studies including 200 pa-
tients or more list suprarenal or juxtarenal aortic
injuries, retrohepatic and hepatic vein injuries,
and portal vein injuries as associated with the
highest mortality.

It is more difficult to find data on survival rates
for isolated injuries to a specific vessel. One report
of isolated arterial injuries or those combined with
other arterial injuries in the abdomen found mor-
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tality to range from 30% for hepatic artery to 80%
for aortic injuries. The mortality for renal, iliac,
and SMA injuries was around 50-60%.
Abdominal venous trauma is also associated
with high mortality due to exsanguination. Over-
all, mortality ranges from 30-70%. The worst re-
sults come from patient series of retrohepatic vena
cava injuries, reporting a mortality of over 90%.
Also, portal vein and superior mesenteric vein in-
juries lead to substantial mortality. In one study,
30% died after lateral repair of the portal vein and
78% after ligation of this vessel. The latter proce-
dure, however, was performed in more severely
injured patients with more associated injuries.
Another study reported only 20% mortality after
portal vein ligation. In patients with only venous
injuries or in combination with other venous trau-
ma, the mortality rates were 75% for inferior vena
cava injury, 72% for portal vein injury, 56% for
renal vein injury, and 44% for iliac vein injury.

M sy latrogenic Vascular Injuries
in the Abdomen

It is not uncommon that vessels are injured during
abdominal surgery for malignancy or other proce-
dures. Some procedures are particularly prone to
cause injury to abdominal vessels. A discussion on
some of these follows below. The principles of
repair are essentially the same as for traumatic
injury caused by accidents or violence.

N 5.7.1 Laparoscopic Injuries

Trocars used for laparoscopic access frequently
cause injury to major blood vessels in the abdo-
men. When the aorta or vena cava is injured, out-
come may even be fatal. The insufflation needle
may also cause severe injuries. Injury is more com-
mon in thin patients who have previously under-
gone abdominal operations and in patients in
whom a blind technique for inserting the trocar is
used. When blood returns through the trocar or
needle, a severe injury should be suspected. An-
other situation indicating vascular injury occurs
when the patient becomes hypotensive or when
the abdomen swells rapidly before the gas is insuf-
flated. If the aorta or iliac arteries are injured con-
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version to an open operation by a midline incision
to achieve proximal control is necessary to save
the patient. Lateral repair or, occasionally, graft
interposition is usually possible for final repair.
Vascular injury may also occur during the pro-
cedure itself, during dissection by careless han-
dling of the instruments and occasionally by re-
tractors. Because visualization is hampered by the
bleeding, open repair is always recommended.

B 5.7.2 Iliac Arteries and Veins During
Surgery for Malignancies
in the Pelvis

Distortion of the pelvic anatomy is common in
malignant disease. Therefore, the surgical proce-
dures for tumor removal are often difficult, and
injuries, especially to veins, are sometimes un-
avoidable to make radical excision possible. The
injury becomes obvious by the bleeding, and be-
cause it is usually veins that are injured, control is
accomplished by compression. Definitive repair
is often more difficult. If major veins such as the
iliacs are damaged, suturing of the hole is possible
during inflow and outflow control, either manu-
ally or by sponge-sticks. It is necessary to reduce
bleeding sufficiently so that the hole can be visual-
ized adequately for repair. Often, however, it is the
internal iliac or, rather, branches from this vein
that bleed. Sufficient control for repair is then al-
most impossible to achieve, and attempts to apply
“blind” sutures often make the bleeding worse.
When the bleeding is moderate, simple compres-
sion sometimes permanently stops it. If not, fibrin
glue should be applied, followed by another period
of manual compression. If surgical repair is im-
possible and compression and local therapies have
been tried unsuccessfully, the only way to reduce
the bleeding might be to ligate the internal iliac
arteries. Before this measure, the surgeon must
check that the patient’s coagulation status is as op-
timal as possible. The risk that this will cause glu-
teal muscle necrosis is considerable, but it may oc-
casionally be indicated. If the patient’s condition is
stable enough and the operating room is equipped
for combined surgical and endovascular proce-
dures, allowing angiography to identify the bleed-
ing site and selective coiling bleeding vessel
branches, this risk can be reduced considerably.

Abdominal Vascular Injuries

In an ultimate situation the bleeding pelvic area
can be packed with an intestinal bag filled with a
number of swabs tied together. The abdominal
wall is closed allowing the opening of the plastic
bag with the end of the swabs to protrude. The
patient is then brought to the ICU for “damage
control” and the swabs and the plastic bag sub-
sequently removed one or two days later.

N 5.7.3 lliac Artery Injuries During
Endovascular Procedures

Perforation and dissection of the common and
external iliac arteries are common during endo-
vascular procedures, but this rarely leads to severe
bleeding. Most of the time, complications can be
managed by immediate stenting or stent-graft re-
pair. Occasionally the bleeding will continue or is
not discovered during the procedure, and the pa-
tient displays symptoms a few hours after the pro-
cedure. Often, he or she complains of severe ab-
dominal pain in the flank of the injured side. The
abdomen is positive for tenderness, and the pa-
tient’s general condition shows signs of ongoing
bleeding. If one is in doubt, a CT can confirm the
diagnosis, but the diagnosis is usually obvious.
Most patients are unstable and should be taken to
the operating room for immediate repair. A mid-
line incision is then recommended because it en-
ables proximal control of the distal aorta if neces-
sary. The hematoma makes it difficult to identify
the injury site, and a bypass followed by ligation of
the common iliac artery is the best way to treat it.
Besides an iliofemoral bypass, one good option is
to perform a femorofemoral bypass. If the artery is
stented all the way up to the aortic bifurcation, it is
almost impossible to ligate it or to find a spot for
inflow of a bypass. Therefore, the procedure oc-
casionally requires a bypass from the aorta and
division of the iliac artery.

N 5.7.4 latrogenic Injuries During
Orthopedic Procedures

Lumbar disc surgery is reported to cause aortic or
common iliac artery injury in 1-5 out of 10,000
operations. The mechanism is laceration caused
by the special instruments used for excising the



herniated disc. This injury generally presents as a
substantial bleeding in the wound, with an associ-
ated systemic hypotension. Occasionally, the diag-
nosis becomes apparent after the procedure when
signs of shock develop during the first postopera-
tive hours. Even more common is that an arterio-
venous fistula or pseudoaneurysm is found, which
is diagnosed any time from a few hours after the
procedure to several years postoperatively. Find-
ings suggesting such injuries are, in descending
order of frequency, bruits, heart failure, abdomi-
nal pain, and hypotension. The disc level where
the surgery is performed determines which vessel
becomes injured. At the L4-L5 and L5-S1 levels,
the common iliac artery and vein are injured.
Higher up, the aorta and vena cava are at risk.

For emergency repair, a midline incision for ex-
posure is needed, and the same principles are ap-
plicable as for other types of trauma: lateral repair,
patching, or graft insertion. Arteriovenous fistu-
las and pseudoaneurysms may also be treated
using endovascular methods.

During hip arthroplasty, the external iliac ves-
sels or the common femoral artery may be injured.
While uncommon at primary procedures, it hap-
pens more often during revisions because of the
need to remove previous prosthetic material and
the anatomical alterations caused by previous
surgery. The left side is more often injured. The
mechanism is sometimes direct lacerations by ac-
etabular screws, dissection, or traction injury, but
more common is cement destruction of the ves-
sels. Arterial repair is performed after obtaining
proximal control of the common iliac artery.
Usually, a “hockey-stick” incision is sufficient to
obtain exposure. Destroyed vessel segments by
cement need graft interposition or a bypass.
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M 6.1 Summary

B Triad of symptoms
1. History of embolization
2. Pain out of proportion
3. Intestinal emptying

B Urgent management is essential: rehydra-
tion, angiography and laparotomy

B Ifarterial obstruction - aggressive surgical
treatment

B If venous obstruction - restrictive with
surgical treatment

B Embolectomy if jejunum is normal

M 6.2 Background

Acute intestinal ischemia is often a fatal disease,
and many patients with this disorder will die re-
gardless of treatment. Increased awareness and
rapid management can improve this pessimistic
course. Using wide definition acute intestinal
ischemia is hypoxia of the small intestinal wall
due to a sudden decrease of perfusion caused by
emboli or arterial or venous thrombosis. The
symptoms are not specific, and the diagnosis is
regularly established at laparotomy late in the
course when peritonitis has developed. With rapid
and efficient management, including an aggres-
sive diagnostic work-up, the number of successful
embolectomies can increase and the need for ex-
tensive intestinal resections can be diminished.
The diagnosis must be established early in the
course of the disease. A high level of clinical suspi-
cion when evaluating acute abdominal pain,
prompt management in the emergency depart-
ment, and early angiography or laparotomy is
required to achieve this.
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M 6.2.1 Magnitude of the Problem
and Patient Characteristics

Even if patients with acute intestinal ischemia are
usually admitted and treated by general surgeons,
cooperation with a vascular surgeon may be a
possible way to improve treatment results. Vascu-
lar surgeons contribute with their experience of
angiography as well as with operations in the area
around the superior mesenteric artery (SMA).

The disease is relatively uncommon. Among all
patients arriving in the emergency department be-
cause of abdominal pain, 0.5 % have acute intesti-
nal ischemia. The true incidence is probably high-
er because patients can be suspected to die from
intestinal ischemia without an established diagno-
sis. The relatively low incidence in combination
with the imprecise symptoms and moderate find-
ings at physical examination early in the course of
the disease contribute to the bad prognosis. In ob-
servational studies the 30-day mortality is 60-85%
for patients who are not treated surgically with the
diagnosis established by angiography or physical
examination. One more factor contributing to the
poor prognosis is that this category of patients
consists of elderly who have complicating diseases
such as chronic obstructive pulmonary disease
and generalized arteriosclerosis, including coro-
nary disease. In most studies, the mean patient age
is around 70 years. Two-thirds of the patients are
female.

Intestinal ischemia secondary to mesenteric ve-
nous thrombosis is associated with another group
of patients and has a significantly better progno-
sis. The 30-day mortality is around 30%. Five to
15% of all cases presenting with intestinal isch-
emia are caused by venous thrombosis.

M6 Pathophysiology

The main blood supply to the small intestine
comes from the SMA, which also perfuses the first
half of the colon. The inferior mesenteric artery
and branches from the internal iliac arteries sup-
ply the distal part of colon and rectum. This dou-
ble blood supply and an extensive collateral net-
work explain why occlusion of the inferior mesen-
teric artery seldom causes severe ischemia in the
distal colon. Primary ischemia of the colon is

Acute Intestinal Ischemia

unusual and is further discussed in Chapter 12 on
complications in vascular surgery. The rest of this
chapter will deal with acute ischemia of the small
intestine.

NOTE
Occlusion of the SMA has devastat-
ing effects on the perfusion of the
intestine.

Because almost the entire small intestine gets its
blood supply from one single artery, a sudden oc-
clusion of this vessel has major consequences. The
initial response is spasm and vigorous contrac-
tion. Because of its high metabolic activity 80% of
the blood supply to the intestine is consumed by
the mucosa. This explains why the mucosa is dam-
aged before the rest of the intestinal wall is. The
cells at the tip of the villi are most sensitive and die
first. Under the microscope, ischemic changes can
be seen in the mucosa within 30 min after occlu-
sion. Patients with SMA occlusion will, very early
after onset, vomit and have diarrhea and abdomi-
nal pain. Occasionally they have blood in their
stools. Granulocytes are also activated early, and
oxidants and proteolytic enzymes affect the intes-
tine. Hypotension develops as the next step in the
course of the disease and contributes to further
ischemic damage of the intestinal wall. This is
followed by diffuse necrosis in the mucosa that
spreads to the submucosal layer and finally ex-
tends through the entire intestinal wall. The
result is transmural infarction and local peritoni-
tis. The intestine then may perforate, and the
patient develops general peritonitis. Metabolic
acidosis, dehydration, anuria, and multiple organ
failure could be the end result.

The main etiology of acute intestinal ischemia
is embolization or thrombosis of the SMA, both
being equally common. In general, an embolus oc-
cludes a relatively healthy artery with immediate
dramatic consequences as described above, where-
as a thrombotic occlusion is preceded by a steno-
sis, allowing collaterals to develop. The artery may
then occlude without causing symptoms or isch-
emic damage to the intestine.

A less common cause is venous thrombosis.
This frequently affects younger patients and typi-
cally is secondary to trauma, inflammation, and
other diseases in which hypercoagulation is com-



mon. It may also be a consequence of congenital
coagulation disorders.

Other more unusual causes for acute intestinal
ischemia, which are not within the scope of
this book, are embolic or thrombotic occlusion of
the celiac trunk and the low-flow state nonocclu-
sive intestinal ischemia (NOMI), a result of severe
cardiac dysfunction.

M 6.4 Clinical Presentation
M 6.4.1 Medical History

In many patients the initial clinical presentation

of SMA obstruction is vague, making diagnosis

difficult. A triad of symptoms in the patients’

medical history should make the surgeon suspi-

cious for acute intestinal ischemia caused by

occlusion of the SMA:

1. Severe periumbilical pain (“pain out of propor-
tion”)

2. Vomiting and/or diarrhea (“gut-emptying”)

3. Possible source of an embolus, or a previous
embolization in the medical history.

NOTE
Itis important to remember the triad of
symptoms associated with occlusion
of SMA.

6.4.1.1 Embolism
For a typical patient with embolic occlusion of
the SMA, the symptoms include all three elements
of the triad. These are then sufficient for deter-
mining the diagnosis, as well as for differentiating
it from other causes of acute abdominal pain
and thrombosis of the same artery. The pain,
which often precedes vomiting or diarrhea, is the
key symptom. It has a dramatic precipitous onset
and is localized in the paraumbilical region. The
pain is usually severe and colicky. The expression
“pain out of proportion” indicates that there is a
discrepancy between the findings in the physical
examination of the abdomen and the pain inten-
sity. The pain disappears when the intestine
becomes necrotic, which may create a pain-free
interval that frequently is misinterpreted as if
the patient has improved. The pain returns when
the intestine perforates. Ninety-five percent of

6.4 Clinical Presentation

Table 6.1. Percentage of patients with symptoms and
laboratory findings at the time of admission to the hos-
pital, where the diagnosis acute intestinal ischemia due
to arterial occlusion was established later

Abdominal pain 100%
Diarrhea or vomiting 84%
Previous embolization/ 33%
source of emboli

Blood in stools 25%
Elevated lactate in plasma 90%
Leukocytosis 65%
Metabolic acidosis 60%

these patients have a history of previous cardiac
disease, and 30% have had earlier episodes of em-
bolization to other vascular systems (Table 6.1).
Embolization is common after acute myocardial
infarction, debut of arterial fibrillation, and as a
complication of angiography and endovascular
treatment.

6.4.1.2 Thrombosis

Thrombosis of the SMA occurs in patients with
general arteriosclerosis and a history remarkable
for previous manifestations of cardiac and periph-
eral vascular disease. Sometimes symptoms of
chronic intestinal ischemia also are present. The
onset of symptoms after acute thrombotic occlu-
sion is more insidious than for embolic disease.
The pain is usually constant and progressive over
several hours but is otherwise similar to what has
been described for embolism. (See Table 6.2.)

For thrombosis of the mesenteric vein, the du-
ration of symptoms is commonly several days and
the symptoms are even more imprecise than for
arterial occlusion. The pain is less pronounced
but is present to some degree in 90% of patients.
Fever is also a common sign. Eighty-five percent of
patients have a history of hypercoagulation disor-
ders such as deep venous thrombosis or have had
other diseases or risk factors predisposing them to
thrombosis. Examples include pregnancy, oral
contraceptive use, malignancy, inflammatory dis-
eases, portal hypertension, and trauma.
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Table 6.2. Differentiation between causes of intestinal ischemia (DVT deep vein thrombosis)

Arterial embolism

Older +
Younger -

Previous symptoms -
of chronic intestinal ischemia

Previous DVT -

Possible source emboli

RIS

Sudden onset

Insidious onset -

Arterial thrombosis Venous thrombosis
+ _
- +
+ -
- +
+ +

W 6.4.2 Physical Examination

Findings at physical examination in acute intesti-
nal ischemia can be vague and difficult to inter-
pret. It is still, however, very important to care-
fully examine the patient. The examination reveals
signs of arteriosclerosis — carotid bruits, heart
murmur, and so on - as well as sources of embolus.
Abdominal examination findings are the basis for
emergency management. For instance, without
signs of peritonitis, a patient should not undergo
laparotomy when venous thrombosis is the sus-
pected diagnosis. A patient with arterial occlusion,
however, needs surgery before peritonitis evolves.

The abdominal findings vary with the time
point during the course of the illness when the pa-
tient is examined. Anything from normal findings
to general peritonitis may be found. In early stag-
es, a slight tenderness and amplified bowel sounds
are common findings, but when peritonitis is es-
tablished, tenderness with muscular guarding and
a lack of bowel sounds due to paralysis are found.
Abdominal distension is a very late sign in the
course of the disease. The examination should
also assess the patient’s general condition, includ-
ing possible dehydration.

M s Diagnostics

For the majority of patients with the triad of symp-
toms described the need for further diagnostic
work-up is limited and immediate laparotomy is
indicated. Laboratory tests can support the diag-
nosis but should not delay management and treat-

ment. The only radiologic examination that is
warranted, besides computed tomography (CT)
for diagnosing suspected venous thrombosis, is
angiography and perhaps plain x-ray. The resourc-
es and expertise available in the hospital should
also influence the decision of whether any further
investigations or tests are performed.

W 6.5.1 Laboratory Tests

The leukocyte count is elevated early in the dis-
ease course. Together with the clinical triad, a leu-
kocyte count higher than 15 x 10%/1 is pathogno-
monic for acute intestinal ischemia. Values above
normal for serum lactate and D-dimer have also
been suggested as prognostic markers for patients
who need surgery. A lactate concentration exceed-
ing 2.6 mmol/l is considered to have a high sensi-
tivity (90-100%) for acute mesenteric ischemia,
meaning that only one patient in 10 with intestinal
ischemia has a value <2.6 mmol/l and is at risk to
be missed by this test. The specificity with this
cut-off value, however, is rather low (around 40%).
Overall, provided that shock, diabetes, severe re-
nal insufficiency, and pancreatitis have been ruled
out, an elevated plasma lactate indicates that the
patient has a disease very likely to be acute intesti-
nal ischemia, and that the patient definitely has a
disease that needs surgery. More pronounced leu-
kocytosis and elevated hemoglobin and hemato-
crit values are secondary to plasma losses in the
injured intestine. Later, when the intestinal wall
becomes necrotic and blood leaks into the intesti-
nal lumen, hemoglobin and hematocrit decrease.



Metabolic acidosis also occurs late in the course of
the disease, and as a diagnostic test it has no value.
The acid-base balance, however, needs to be moni-
tored and corrected continuously during the
course of treatment as a general measure.

M 65.2 Angiography

In hospitals where angiography is available 24 h a
day and can be performed rapidly, it is recom-
mended before laparotomy for most patients sus-
pected of having this disease. Exceptions are pa-
tients with peritonitis. Angiography can possibly
be preceded by a plain x-ray to exclude free gas in
the abdomen. Besides establishing the diagnosis,
angiography is also helpful for separating the dif-
ferent etiologies for acute intestinal ischemia:

1. Embolization to the SMA: Typically, this ap-
pears as a “meniscus” occlusion located 5-7 cm
out in the SMA, which has its first branches
open and filled with contrast. Such emboli are
usually possible to extract by simple embolec-
tomy.

2. Arterial thrombosis in previously atheroscle-
rotic arteries: On the films an occlusion of the
SMA is found approximately 1-2 cm from its
origin and no distal branches are filled with
contrast. Sometimes the patient can then be
reconstructed with a bypass from the aorta. In
many circumstances, however, it is wise to
avoid laparotomy if the contrast does not reach
any part of the SMA. Total SMA thrombosis is
rarely curable by reconstructive vascular sur-
gery. Thrombolysis may then be an option if a
guide wire can be inserted into the artery.

3. Venous thrombosis or NOMI: If the branches
from the SMA can be followed some distance
out in the mesentery — more than 10 cm from
the origin - and the contrast is moving slowly,
the finding indicates a state of threatening in-
farction without arterial occlusion. This can be
due to either venous thrombosis or NOMI.
Laparotomy is not indicated in such patients.

NOTE
Emergency angiography is often helpful
for diagnosing and managing acute
intestinal ischemia.

6.5 Diagnostics

The surgeon is responsible for making sure that
angiography will not cause an unacceptable delay
in the management process. It should be per-
formed with close observation of the patient,
including continuous monitoring of vital signs
and abdominal status. In hospitals without avail-
able angiography, management has to be based on
clinical findings only. If this investigation resource
is available, however, and the department has
experience with emergency angiography;, it is rec-
ommended.

TECHNICAL TIPS

1. Scrub and dress for groin puncture.

2. Shoot one plain frontal and one lateral x-ray
(to exclude free gas).

3. Puncture the femoral artery. Insert a guide
wire and any angiography catheter. Place the
tip at the level of the first lumbar vertebra.

4. Withdraw the guide wire and rapidly inject by
hand 10 ml of x-ray contrast. Images are first
obtained in the frontal plane to visualize em-
bolization to the SMA.

5. Repeat with the lateral projection (this is al-
ways necessary to diagnose thrombosis when
the SMA is occluded at the origin).

6. Consider injecting papaverine (1-2 ml of
40 mg/ml) through the catheter, preferably
after its tip has been placed selectively into
the SMA.

7. Pull the catheter and control the puncture
site by digital compression. .

N 6.5.3 Other Options

Ultrasound, including determination of flow ve-
locity and color coding (duplex), is often techni-
cally difficult to perform because of obscuring in-
testinal gas and is not recommended for diagnos-
ing acute intestinal ischemia. There are occasional
reports in the literature, however, about successful
visualization of an occluded SMA that has been
helpful for diagnosis. Another possible benefit of
an ultrasound examination is to exclude other
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causes of the patient’s symptoms such as renal or
gall bladder diseases.

When there is a strong suspicion of venous
thrombosis - for example in young patients with
a history of hypercoagulation who have mild pro-
longed symptoms without peritonitis on physical
examination - a CT scan with contrast should be
performed to establish the diagnosis. The findings
on the CT scan that indicate thrombosis are
thrombus in the superior mesenteric vein and
occasionally in the portal and splenic veins to-
gether with splenomegaly. Gas bubbles in these
veins may also be found.

M 654 Diagnostic Pitfalls

The three main difficulties in diagnosing and
managing patients with acute mesenteric ischemia
are (1) to suspect the diagnosis, (2) to make the
diagnosis fast enough, and (3) to differentiate
between thrombotic and embolic etiologies.

Patients with ruptured abdominal aortic aneu-
rysms, a ruptured urinary bladder, hemorrhagic
pancreatitis, or a perforated ulcer may also have
“pain out of proportion.” But their medical history
and physical findings are usually sufficient to
differentiate between these alternative diagnoses
and acute intestinal ischemia. Moreover, for all
patients with these diseases, except for pancreati-
tis, emergency laparotomy is indicated, and a
wrong preoperative diagnosis is not so harmful. If
not earlier the correct diagnosis can then be estab-
lished during surgery. Overall, a high level of
suspicion and early laparotomy will probably save
lives.

While an early diagnosis is essential, the delay
caused by performing angiography is often worth
the time. Besides establishing the diagnosis and
avoiding unnecessary laparotomies, it will also
support management decisions during surgery.
The relatively low complication rate of angiogra-
phy also motivates liberal use. It will not negative-
ly affect the management of the few patients
suspected to have acute intestinal ischemia who
later turn out to have other diseases. Thrombolysis
may also be a reasonable treatment option for
acute mesenteric ischemia, further supporting an
aggressive preoperative diagnostic work-up that
includes angiography.

Acute Intestinal Ischemia

M 66 Management and Treatment
. 6.6.1 Management Before Treatment

6.6.1.1 In the Emergency Department

Most patients admitted to the emergency depart-
ment with the described typical combination of
physical findings and medical history should un-
dergo immediate angiography and laparotomy.
Although patients with only segmental and not
transmural ischemia may improve spontaneously
because of sufficient collateral blood flow, this is
difficult to identify preoperatively. As soon as the
operating room has been notified, the following
measures can be taken:

1. Place at least one large-bore intravenous (IV)
line.

2. Start infusion of fluids. Ringer’s acetate is the
first option, but dextran is an alternative, espe-
cially if venous thrombosis is suspected.

3. Obtain an electrocardiogram.

4. Draw blood for hemoglobin and hematocrit,
prothrombin time, partial thromboplastin
time, complete blood count, creatinine, sodi-
um, and potassium as well as a sample for blood
type and cross-match. Consider ordering a
D-dimer as well.

5. Draw arterial blood for acid-base balance,
including lactate.

6. Obtain informed consent.

7. Consider administering analgesics (5-10 mg
opiate I'V).

Early involvement of the anesthesiologist to dis-
cuss the patient’s condition and optimization of
organ function is wise. If time allows, this work-
up can be done in the intensive care unit. Any
acidosis should be corrected, and blood and
plasma infusions are often required. Administra-
tion of drugs that reduce blood flow to the in-
testine should be stopped as soon as possible.
Such drugs include digitalis, calcium channel
blockers, diuretics, and nonsteroidal anti-inflam-
matory drugs. When the decision to operate is
made the patient should receive analgesics; a
suggestion is an opiate 5-20 mg IV. Antibiotics
directed against intestinal bacteria, such as a
cephalosporin and metronidazole, should also be
given preoperatively.



M 6.6.2 Operation

The best access is achieved through a long midline
incision. The entire intestine should be examined
carefully to assess viability (Fig. 6.1). The basic
principle is that only parts with transmural necro-
sis should be resected. It is better to plan for a sec-
ond-look operation within 24 h than to be very
liberal with resection margins. The intestine may
appear quite normal at a quick glance, but careful
examination often reveals segments with a grayish
color and a dull surface, indicating severe isch-
emia. Viable segments often have pulsations in the
distal parts of the mesentery and preserved peri-
stalsis. In addition, a Doppler probe can be helpful
in this examination by detecting the presence or
absence of arterial flow signals. Healthy segments
will have maintained the pink color of a healthy
intestine. For a segmental injury, a wedge-shaped
excision of the mesentery and the necrotic intesti-
nal segment may be curative and all that is needed
for treatment.

6.6.2.1 Embolic Occlusion

If the first part of the jejunum (Fig. 6.1b) looks
normal and there are pulsations in the first arte-
rial arcade after the origin of the SMA, emboliza-
tion is the most probable diagnosis. Under these
circumstances embolectomy should be performed
before intestinal resection (Technical Tips Box
and Fig. 6.2).

6.6 Management and Treatment

Fig. 6.1. Acute intestinal ischemia
with gangrene. a The entire intes-
tine is affected, indicating arterial
thrombosis. Surgical treatment pos-
sibilities are limited. b Ischemic in-
testinal gangrene but with a viable
jejunum and left colon. This typical
appearance suggests embolization
to the superior mesenteric artery.
Embolectomy should be attempted

6.6.2.2 Arterial Thrombosis

If the entire small intestine and colon are isch-
emic, the cause is probably arterial thrombosis
(Fig. 6.1a). Embolectomy will then not be success-
ful and may even be harmful. If the entire intes-
tine including the right colon is necrotic, the sur-
geon should consider giving up surgery as treat-
ment and closing the incision. Findings in the
preoperative angiography will facilitate this deci-
sion.

At least one meter of small intestine is needed
for survival. An emergency bypass between the
aorta and the SMA is a surgical treatment option
for arterial thrombosis. It requires sufficient run-
off - often achieved by distal embolectomy and
local thrombolysis - verified by intraoperative
angiography. The result of such emergency aorto-
mesenteric reconstructions is meager but may
nevertheless save a few patients. The technique for
this is the same as for chronic disease. It is not cov-
ered by this book and we recommend more gen-
eral vascular surgical manuals for a description.
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TECHNICAL TIPS

Move the transverse colon cranially and identify
the SMA by using the fingers to palpate the area
ventral to the pancreas behind the superior mes-
enteric vein. This is facilitated by holding the mes-
enteric root between the thumb and the fingers.
Expose the artery by incising the dorsal peritone-
um longitudinally just over the area where the
pulse is lost (Fig. 6.2).

This sometimes requires partial division of the
ligament of Treitz as well as inferior mobilization
of the 4th portion of the duodenum. Apply vessel
loops above and below the site of the intended
arteriotomy. At least 4-5 cm needs to be exposed.
Administer 5,000 units of heparin IV, clamp the ar-
tery as close to the aorta as possible, and make
a transverse arteriotomy distal to the clamp.
Perform embolectomy with a #4 Fogarty cathe-
ter. Start proximally while controlling bleeding
through the arteriotomy using the vessel loop
and a finger. Inflow is usually quite vigorous, and

Acute Intestinal Ischemia

itisimportant to not cause unnecessary bleeding.
Continue distally towards the intestine with same
catheter. A #3 catheter is occasionally needed to
reach all the way out to the periphery. If the diag-
nosis is correct, an embolus with a secondary
thrombus is extracted, and the backflow is brisk. If
not, try a second time with the catheter directed
manually into the branches. Inject 2-4 ml of pa-
paverine through a catheter into the SMA. If the
backbleeding is inadequate, try to instill the same
amount of rtPA into the distal branches. Close the
artery with interrupted 6-0 prolene sutures. Place
the intestine in its normal position and check the
final result by palpating distal pulses and inspect-
ing the intestine. If the viability of the intestine is
uncertain, wait 20-30 min before deciding on
what parts to remove. Finish the operation by re-
secting nonviable parts as needed and close the
abdomen.
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Fig. 6.2. Exposure of the superior mesenteric artery
for embolectomy through an incision in the posterior
peritoneum

If the intestine not is totally necrotic, it is
sensible to wait for 30 min to see whether some
segments of the intestine improve so that only a
limited resection can be performed.

6.6.2.3 Venous Thrombosis and NOMI

The entire intestine can also be affected in venous
thrombosis and NOMI. At laparotomy (which
should be avoided if possible), the intestine affect-
ed by venous thrombosis will look hyperemic and
swollen and may have petechial bleedings in the
serosa. If these are found, the operation should be
stopped, the abdominal wall closed, and a second-
look operation planned. Systemic anticoagulation
is the best treatment. At the second-look opera-
tion, segments with petechial bleeding might be
hard to differentiate from gangrene. Such seg-
ments need to be carefully examined to avoid un-
necessary resections. Devitalized intestine in seg-
mental venous thromboses, however, should be
resected with safe margins. This is different from
what is recommended for intestinal ischemia with
arterial causes. Venous thrombectomy and throm-
bolysis have anecdotally been reported, but there
is not much evidence that this is beneficial for the
patient.



Patients with NOMI may also not be discovered
before laparotomy. The intestine then displays the
same appearance as for embolic and especially
thrombotic obstruction of the main artery. Intra-
operative diagnosis relies on pulse palpation and
insonation of the distal vascular bed with continu-
ous-wave Doppler. Patients with NOMI have pre-
served pulses and flow signals - monophasic and
throbbing — quite far out distally in the mesentery.
These findings together with a typical medical
history should be enough to stop the attempt to
revascularize the intestine surgically, and the pa-
tient needs optimization of cardiac function. The
distinction from other arterial causes is difficult,
however, and many patients with NOMI are likely
to undergo embolectomy by mistake.

6.6.2.4 Endovascular Treatment

At present only limited experience of thrombo-
lytic therapy for acute mesenteric ischemia is
available. Until 2003 about 50 cases had been re-
ported in the literature. But the results are promis-
ing and the technique may evolve as a primary
choice in the future because it fits well with the
aggressive work-up required.

The technique for thrombolysis involves groin
access and diagnostic angiography as described,
preferably with selective catheterization of the
SMA and introduction of a guide wire into the
thrombus. An end-hole or side-hole catheter is
then advanced into the clot and the infusion start-
ed by a bolus injection. The catheter is then pulled
back somewhat and the continued infusion initi-
ated. The preferable agent is rtPA.

. 6.6.3 Management After Treatment

While waiting for the second-look operation, the
patient should, if possible, be monitored in the in-
tensive care unit. Besides continued fluid losses
from the injured intestine, toxic metabolites and
proteolytic enzymes are released, which negatively
influence heart and lung function. There is also a
risk for septicemia because of bacterial transloca-
tion. Therefore, rehydration, administration of
plasma and blood, and antibiotic treatment are
recommended in the early postoperative period.
Anticoagulation with heparin should be contin-
ued or begun in order to prevent further emboli-

6.7 Results and Outcome

zation and as general prophylaxis against throm-
bosis, but it probably does not diminish further
development of a thrombus in the intestine itself.
Because the damaged intestine is prone to bleed,
anticoagulation treatment also needs to be moni-
tored carefully.

Reperfusion after a successful embolectomy
contributes, as in acute leg ischemia, to morbidity
and mortality. The primary damage caused by
hypoxia of the intestinal wall is followed by a sec-
ondary reperfusion injury. Therefore, patients
with acute intestinal ischemia who have been re-
vascularized are possible candidates for adjuvant
pharmaceutical treatment to diminish the nega-
tive effects on the central organs. The possible
substances are often called “scavengers,” and ex-
amples include superoxide-dismutase, allopuri-
nol, and mannitol. Although all three of these do
decrease mortality in animal models, there are
presently no clinical trials to support their use in
patients.

O 6.7 Results and Outcome

As mentioned earlier, the mortality associated
with acute intestinal ischemia is reported to be
very high. Intestinal resection as the only treat-
ment will result in a 30-day mortality of 85-100%.
If combined with embolectomy or vascular recon-
struction, mortality can be reduced to 55%. In two
studies with very positive results, it was proposed
that mortality could be reduced to less than 45% if
patients are managed very aggressively, with angi-
ography in all patients (except for those with gen-
eral peritonitis), followed by immediate laparoto-
my. Ninety percent of the patients who survived
in these two studies lost no or less than 30 cm of
intestine. The most successful results were ob-
served if the patient reached the operating room
within 12 h after the onset of symptoms. Throm-
bolysis in case series is reported to have excellent
results, although the case mix was not comparable
to open surgery series, and only a few patients
had embolus as the etiology. It is likely that throm-
bolysis should be attempted as the first option
for thrombosis and that this will improve patient
survival considerably. Accordingly, the results
from most studies favor management and treat-
ment as outlined in this chapter: aggressive diag-
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nostic work-up, liberal indications for laparatomy,
embolectomy, and reconstructive vascular sur-

gery.
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M 7. Summary

B Abdominal aortic aneurysm rupture
should always be suspected in men older
than 60 years with acute abdominal pain.

B Patients who present with the triad of cir-
culatory shock, abdominal or back pain,
and a positive examination for a pulsating
mass in the abdomen should immediately
be transferred to the operating room for
emergency laparotomy.

B Urgent surgery should not be delayed
by unnecessary computed tomography or
ultrasound scans. .

M2 Background
W 721 Magnitude of the Problem

Abdominal aortic aneurysm (AAA) is common.
In men older than 60 years the prevalence is 5-
10%, which is four times the prevalence in women
(Table 7.1). Not more than 1% of men over 60 years
of age, however, have an AAA with a diameter
around 5 cm, which is the limit at which the risk of
rupture is considered motivation for elective op-
eration. The rupture incidence is reported to be
3-15% per 100,000 individuals per year. This
means that every surgeon on call as well as emer-
gency department physicians will most likely
manage several patients with a ruptured AAA
each year. It is possible that the number of patients
with ruptured AAAs will decrease in the future
because of screening programs. Presently, how-
ever, it is still a very common patient type in many
countries.
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Table 7.1. Prevalence of asymptomatic abdominal aortic aneurysms (>3 c¢m) in different populations, as deter-

mined by ultrasound

Country Year N
United Kingdom 1993

United States 1997 73,451
Netherlands 1998 2,419
Sweden 2001 505

Population

Men, 65-75 years

Prevalence

8.4%

50-79 years 4.7% (men)
1.3% (women)

Men, 60-80 years 8.1%

65-75 years 16.9% (men)

3.5% (women)

N 7.2.2 Pathogenesis

AAA is a dilatation of the aorta caused by degen-
eration of the elastic components of the arterial
wall. The risk for developing AAA is related to
atherosclerosis, hypertension, and a genetic pre-
disposition, but its etiology and the pathologic
process leading to AAA are unclear. Aneurysms
usually originate below the renal arteries and ex-
tend down to the aortic bifurcation. The natural
course is a gradually increasing dilatation leading
to a progressively thinner wall that might end with
rupture. The risk of rupture starts to increase ex-
ponentially when the aneurysm diameter exceeds
5 cm, but aneurysms of smaller sizes can also rup-
ture. The mortality from a ruptured AAA left un-
treated is close to 100%, but the length of the pro-
cess that leads to exsanguination and death varies
from minutes to several days. The longer time pe-
riod involves circumstances when the bleeding is
contained within the retroperitoneal space.

B 7.3 Clinical Presentation

When patients seek medical attention for abdomi-
nal or back pain, it is extremely important to
always keep the diagnosis of a ruptured AAA in
mind.

NOTE
An early correct diagnosis is crucial
because the prognosis for patients who
are not yet in shock is much better than
for those in whom shock has already
developed.

N 7.3.1 Medical History

The classic case of a ruptured AAA is brought to
the emergency department by ambulance. Often
the patient is a man who experienced immediate
onset of severe pain in the upper abdomen with
radiation to the back and flanks a few hours earli-
er. The patient often describes an episode of un-
consciousness, dizziness, or sweating when the
pain started. Sometimes the family knows that the
patient has been previously diagnosed to have an
asymptomatic AAA.

. 7.3.2 Examination

The patient may be circulatory-stable but with
positive signs of impending hypovolemic shock:
affected consciousness, tachycardia, sweating, and
hypotension. A pulsating tender mass is usually
found in the epigastrium above the umbilicus. Be-
cause the aorta is a dorsal structure in the abdo-
men, a mass is easy to miss in obese patients. It is
also difficult to palpate a pulsating mass when the
blood pressure is low because of shock. Accord-
ingly, a pale patient with an increased heart rate
and blood pressure <90 mmHg but negative for a
pulsating mass may have a ruptured AAA. A dis-
tinct local tenderness over the aneurysm is also a
common finding. The pain is caused by the retro-
peritoneal bleeding surrounding the aneurysm.
While almost all incipient and already ruptured
AAAs are tender, the specificity of this sign is
low.



I 7.3.3 Differential Diagnosis

Patients with a ruptured AAA who are not in
shock present with signs that are similar to a vari-
ety of other acute diseases in the abdomen or back.
To avoid misdiagnosis with conditions that do not
require emergency laparotomy, careful examina-
tion of the abdominal aorta is important.

Ruptured AAA, or symptomatic aneurysms
with incipient rupture, should be included in the
discussion about differential diagnosis in all ab-
dominal emergencies, particular in elderly men.
Kidney stones located in the ureter, diverticulitis,
constipation, intestinal obstruction, pancreatitis,
gastric or intestinal perforation, intestinal isch-
emia, vertebral body compression, and even acute
myocardial infarction are all primary diagnoses
that can be mixed up with a ruptured AAA. Of
course, there is a potential risk of sending a patient
home believing that, for example, a ureteral stone
has caused the trouble when AAA rupture is the
true diagnosis. A significant risk is also related to
performing a major operation because of a sus-
pected ruptured AAA in a patient who actually is
suffering from an acute myocardial infarction.
The only way to avoid this is to keep the AAA di-
agnosis in mind and to carefully examine the
patient.

Another important differential diagnosis is
aortic dissection. It is common that a patient will
initially have been treated at a smaller healthcare
unit or in the emergency department where an
ultrasound was performed and misinterpreted as
“dissection in an aortic aneurysm.” This misun-
derstanding is caused by the thrombus within the
AAA, which can be interpreted as a doubled aortic
lumen. There is, however, a clear distinction be-
tween rupture and dissection. Rupture is a true
burst of the aortic wall with bleeding out from the
vessel. Dissection starts with a tear in the inner
layer of the vascular wall through which the blood
passes and cause a longitudinal separation of the
layers, causing a double lumen. Rupture is com-
mon in AAA, but dissection is rare (see the infor-
mation on aortic dissection in Chapter 8).

7.4 Diagnostics

M 7.3.4 Clinical Diagnosis

A summary of different clinical presentations of
AAA is presented in Table 7.2. These different sce-
narios can be used in determining the risk for the
presence of a ruptured AAA.

NOTE
The presentation of a patient with a
ruptured AAA varies, but in most cases
a classic triad is found:
- Abdominal pain
- Circulatory instability
- Tender pulsating mass
This combination of symptoms and
clinical findings should always be regard-
ed as a ruptured AAA until the opposite
is proven.

The purpose of Table 7.2 is to facilitate patient
management, and the remaining part of this chap-
ter is largely based on this table. It should be re-
membered, however, that patients might present
with a clinical picture that lies in between the cat-
egories.

M Diagnostics

When an aid in detecting AAA is needed, a com-
puted tomography (CT) scan is the first choice for
all categories used in Table 7.2. When the suspi-
cion is strong and the risk for sudden deterioration
is considered high, the scan should be performed
quickly. The responsible surgeon should supervise
the procedure so that it can be stopped if neces-
sary and the patient transferred to the operating
room immediately. The CT scan should be per-
formed with contrast. The primary questions the
scan should answer are as follows: Is there an
AAA? Are there signs of rupture? What size is the
AAA, and how far proximally and distally does it
extend?

NOTE
In the classic case of a ruptured AAA,
no diagnostic tools except the physical
examination are needed.
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Table 7.2. Clinical findings and management of ruptured aortic aneurysms (AAA abdominal aortic aneurysm,

OR operating room, CT computed tomography)

Pain Hemodynamic Pulsating Clinical diagnosis Measures
instability mass

Yes Yes Yes Ruptured AAA Immediate transfer to OR
(classic triad)

Yes Yes No Rupture suspected If history of AAA or signs peritonitis,
(lack of mass may be due to transfer to OR;
obesity or low blood pressure)  Perform ultrasound scan in the OR

or CT scan with the surgeon present

Yes No Yes Rupture possible Perform CT scan and consider urgent
(may have an incipient rupture surgery if diagnosis of AAA is made
or an inflammatory aneurysm)

Yes No No Rupture unlikely Perform CT or ultrasound scan

(may have a contained rupture
if the patient obese or difficult

to palpate)

Fig. 7.1. Typical appearance on computed tomog-
raphy of a ruptured abdominal aortic aneurysm with
contrast in lumen, thrombus, calcifications in the wall,
and a large retroperitoneal hematoma

To look for anything other than what is mentioned
above is unnecessary in an emergency work-up of
a patient with a suspected ruptured AAA. The di-
agnosis made by CT is easy, and typical findings
are demonstrated in Fig. 7.1.

Signs of rupture on the scan include a hemato-
ma and contrast that is visible outside the aortic
wall retroperitoneally. An early sign of rupture is
the presence of contrast in the thrombus and a
very thin aortic wall overlying it. The location of
the aneurysm in relation to the renal arteries is
important for planning an operation but rarely

influences the indication for surgery. It is impor-
tant to remember that a patient with a diagnosed
AAA and pain but with a CT scan showing no
signs of rupture needs to be managed as if the pa-
tient has impending rupture. Pain may precede
rupture, and the scan only answers the question of
whether a rupture is already present at the exami-
nation. Unfortunately, no signs can predict wheth-
er an AAA is going to rupture soon.

There is rarely a place for ultrasound when try-
ing to diagnose a ruptured AAA. Performed in the
operating room, it might occasionally be helpful
to exclude or verify the presence of an AAA.

When the patient is hemodynamically stable or
when the suspicion of rupture is low, the use of ad-
ditional diagnostic tests to exclude other illnesses
is encouraged. Examples of such diseases are pan-
creatitis and myocardial infarction. These can be
verified by electrocardiogram (ECG), a plain ab-
dominal x-ray, a CT scan, ultrasound, or urogra-
phy as well as by blood tests.

Ms Management and Treatment
. 7.5.1 Management Before Treatment

7.5.1.1 Ruptured AAA
If the triad is present the patient needs to be oper-
ated without delay caused by preoperative exami-
nations or tests. The time available for making the



correct decision regarding patient management is
usually limited. The following measures should
rapidly be done in the emergency department:

1. Obtain vital signs, medical history, and physi-
cal examination.

2. Administer oxygen.

3. Monitor vital signs (heart rate, blood pressure,
respiration, SPO,).

4. Obtain informed consent.

5. Place two large-bore intravenous (IV) lines.
Insertion of central lines is time-consuming,
and to avoid delays it is better done in the
operating room after surgery has started.

6. Start infusion of fluids.

7. Obtain blood for hemoglobin, hematocrit,
prothrombin time, partial thromboplastin
time, complete blood count, creatinine, blood
urea nitrogen, sodium, and potassium, as well
as a sample for blood type and cross-match.

8. Catheterize the urinary bladder (this often has
to be done in the operating room to gain time)
and start recording urine output.

9. Administer analgesics, such as 2-3 mg mor-
phine sulphate IV up to 15 mg, depending on
the patient’s vital signs, severity of pain, and
body weight.

10. Order eight units of packed red blood cells and
four of plasma.

The list suggested above may vary among different
hospitals. Remember to include pulses, including
femoral, popliteal, and pedal, in the physical ex-
amination. This is important as a baseline test in
case of thromboembolic complications to the legs
during surgery. It is also important to be cautious
about rehydration and administration of inotropic
drugs. The latter should be used only when the pa-
tient is in shock and when the low blood pressure
threatens to affect cardiac or renal function. The
aim should not be to restore the patient’s normal
blood pressure; a pressure of around 100 mmHg is
satisfactory if the patient’s vital functions are in-
tact. Hypotension may be an important factor
minimizing the bleeding and keeping it contained
within the retroperitoneal space. Too intense vol-
ume replacement and increased blood pressure
may initiate rebleeding.

As soon as possible, the patient should be taken
to the operating room and a vascular surgeon con-
tacted. If no surgeon with experience performing

7.5 Management and Treatment

AAA procedures is available, consider contacting
another hospital and presenting the case to the
vascular surgeon there. The patient may then be
referred to that hospital or the vascular surgeon
could come and perform the procedure if the pa-
tient’s condition does not allow transport. Even
stable patients might start to rebleed at any mo-
ment and should therefore not be transported too
liberally. If the patient is hemodynamically stable,
the start of operation should be delayed until an
experienced surgeon is available. However, if there
are signs of hemodynamic instability or manifest
shock despite treatment, the operation should be
initiated. The aim then is to achieve control of the
bleeding.

7.5.1.2 Suspected Rupture
The checklist described before is, by and large,
also valid when rupture is only suspected.

This category of patients is the most challeng-
ing, and generally applicable advice is difficult to
give. This category includes patients with a rup-
tured aneurysm but without a palpable pulsating
mass due to obesity and severe hypotension. There
are also many other life-threatening conditions
that should not be treated with surgery in this
group. One such condition is acute myocardial in-
farction, which also may start with thoracic and
abdominal pain and hypotension. Therefore, the
surgeon must rapidly decide whether to perform
an emergency operation or order diagnostic ex-
aminations to verify the diagnosis. In the case of
an actual rupture, it is evident that examinations
that delay the start of the operation are associated
with severe risk. Therefore, every such step should
be performed simultaneously with other preoper-
ative measures if possible. For example, ECG is
helpful in the diagnosis of myocardial infarction,
and ultrasound can verify or exclude the presence
ofan AAA.

7.5.1.3 Possible Rupture
A tender pulsating mass supports the suspicion of
rupture. In a circulatory-stable patient with pos-
sible rupture, the following is done in the emer-
gency department:
1. Place an IV line and start a slow infusion of
Ringer’s acetate.
2. Order an emergency CT scan, with the patient
monitored by a nurse.
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If the CT scan shows an AAA >5 cm in diameter
without signs of rupture and the patient has not
displayed hemodynamic instability, the diagnosis
impending rupture should be considered. The
patient then needs surgery within 24h. The
timing of the operation is based on the patient’s
condition and the hospital’s available resources.
While awaiting surgery, patients who need medi-
cal treatment to improve cardiac or pulmonary
function should receive it. In this category they are
also possible candidates for transfer to other hos-
pitals if necessary.

If the patient already has a known aneurysm at
admission, the management is also as described
above. However, if this known aneurysm has a di-
ameter <4 cm, rupture is unlikely. In such patients
the sign of a pulsating mass is also probably lack-
ing. A patient with a known small aneurysm who
is in shock should be resuscitated followed by a CT
scan. The possibility of cardiogenic shock due to
an acute myocardial infarction is a possibility that
has to be considered. If cardiac causes have been
excluded and the shock is refractory to treatment,
laparotomy is advised.

7.5.1.4 Rupture Unlikely

This category of patients should be evaluated with
regard to all possible differential diagnoses and
managed as any case of “acute abdomen.” To rule
out or verify AAA a CT scan or ultrasound is per-
formed. The risk for rupture is substantially less
for an AAA <5 cm in diameter than for larger
aneurysms. The patient should be admitted for
observation and worked up considering any other
causes of pain, such as kidney stone, pancreatitis,
gallstone, perforated duodenal ulcer, perforated
intestine, acute myocardial infarction, or vertebral
body compression. If the patient does not improve
and no other reasonable cause for the pain can be
identified, operation of the aneurysm should be
considered if it is large.

N 7.5.2 Operation

7.5.2.1 Starting the Operation
Elevated blood pressure in association with anes-
thesia induction can accentuate the retroperito-
neal bleeding. The patient should therefore be
scrubbed and draped and the surgeon ready to

Abdominal Aortic Aneurysms

start the operation before the patient is anesthe-
tized and intubated. The procedure starts with a
long midline incision from the xiphoid process to
the pubis. This allows fast and good access to the
abdomen. Proximal control of the aorta above the
aneurysm is of highest priority. The rest of the op-
eration includes reconstructing the aorta with a
straight aortic tube graft or an aortoiliac or aorto-
femoral bypass graft. The use of autotransfusion
of blood, a “cell saver,” is recommended. Resusci-
tation and anesthesia must be monitored closely.
The goal is to achieve optimal hemodynamics,
with a balance between infused volume and actu-
al, as well as expected, bleeding. The surgeon must
realize that it is sometimes necessary to stop the
procedure and maintain temporary bleeding con-
trol by tamponade or manual compression in or-
der to allow time for the anesthesiologist to com-
pensate for blood and fluid losses. Close contact
with the anesthesiologist is important during the
entire operation.

7.5.2.2 Exposure and Proximal Control

The conventional technique for exposure and
proximal control with a long midline incision and
incision of the dorsal peritoneum is recommend-
ed. The exposure must sometimes be modified
because of bleeding or presence of a hematoma.
Infiltration of blood in the tissue surrounding the
aneurysm makes it difficult to identify structures
such as the mesenteric, renal, and lumbar veins.
On the other hand, it often facilitates dissection of
the proximal neck by loosening the fibrous tissue
adjacent to the aorta.

In a hemodynamically stable patient it is rec-
ommended to apply a self-retaining retractor after
entering the abdomen. Preferably, a type that is
fixed to the table (such as the OmniTrac'™) is used.
This facilitates dissection by reducing protruding
organs. After incision of the dorsal peritoneum
and mobilization of the duodenum to the right,
sharp and blunt dissection is used to carefully ap-
proach the anterior aspect of the aneurysmal neck
(Fig. 7.2).

The correct plane of dissection is reached when
the white and smooth surface of the aorta is visu-
alized. An important guide during the dissection
through the hematoma is the aortic pulse. Accord-
ingly, a weak pulse due to hypotension makes the
dissection more difficult. Exposure of the aneu-
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Fig. 7.2. Incision in the posterior
peritoneum for exposure of the
infrarenal aorta and the neck of
an abdominal aortic aneurysm.
The incision is placed in the angle
between the duodenum and the
inferior mesenteric vein, which
occasionally has to be divided for
good access. A 1-2-cm edge of the
peritoneum is left on the duode-
num to facilitate restoration of the
anatomy at closure

rysmal neck is usually facilitated by the dissection
of tissue around the anterior aorta caused by the
hematoma. Blunt dissection with a finger behind
the aorta in the “friendly triangle” can therefore
often be the easiest way to achieve control of the
aorta (Fig. 7.3).

When a finger can be pushed behind the aorta,
application of the aortic clamp is possible. In this
situation an angled Satinsky clamp is suitable.
When it is difficult to circumferentially free the
aorta, a straight clamp can be applied in an an-
teroposterior position just inferior to the renal ar-
teries, leaving the aorta adherent dorsally. This
often works well, but suturing the anastomosis
can be more difficult. The dissection behind the
aorta should be performed with great care to avoid

damage to the left renal vein, its gonadal branches,
and the lumbar veins. Bleeding during this part of
the dissection usually emanates from any of these
veins and is controlled by ligature, suture, or a
local tamponade. Another common source for
venous bleeding is the inferior mesenteric vein. It
can also be ligated. If profuse bleeding from the
ruptured aorta occurs during dissection control
can be obtained by several different strategies.

7.5.2.3 Other Options
for Proximal Control
There are ways to achieve proximal control of the
aorta that fit most situations. The recommenda-
tions listed below are ordered according to the
probability that they might be needed.
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Fig. 7.3. When an abdominal aortic aneurysm is pres-
ent the anatomy is often changed. The first centimeters
of the infrarenal aorta (the neck of the aneurysm) are
usually angulated ventrally. The triangular space be-
tween the spine, the aneurysm, and its neck is called
the “friendly triangle” because its tissue usually allows
blunt dissection easily

1. Manual local compression or “a thumb in the
hole”
Apply local compression over the rupture with
one or several swabs, or try to seal it by putting
a finger or thumb into the hole in the aneu-
rysm. This method is convenient when the an-
eurysm ruptures suddenly during dissection of
the neck. It can often be followed by option
number two below.

Abdominal Aortic Aneurysms

2. Occlusion with balloon catheter

A Foley catheter, size 24-French or larger, is
inserted through the hole and the tip is placed
proximal to the aneurysmal neck. The balloon
is filled with saline until the bleeding dimin-
ishes; usually 15-20 ml is sufficient. The re-
maining bleeding is caused by backbleeding
from the distal vascular bed. If it is significant,
it has to be controlled before proceeding with
dissection of the aneurysmal neck. With this
technique the aorta is usually occluded at a su-
prarenal level and occasionally even higher.
When this method is used, the operation should
be continued as quickly as possible with expo-
sure of the neck of the aneurysm to allow an
aortic clamp to be applied in an infrarenal posi-
tion. The balloon should then be removed im-
mediately before the clamp is applied. Specially
designed balloon catheters for aortic occlusion
are also available to facilitate this method of
control.

. Straight aortic clamp on the neck of the anu-

erysm - anterior approach

If the patient is in severe shock and rapid aortic
control is necessary, there is little time for
circumferential dissection and exposure. A
straight clamp can then be applied as soon as
the dorsal peritoneum is divided and the duo-
denum retracted to the right. It is placed from
the ventral portion at the level of the neck. The
clamp is positioned by blunt dissection and
guided in place by the fingers. The surgeon
must be aware of the risk of damaging the vena
cava and should also check that the clamp bite
includes the entire aortic wall.

. Manual compression of the subdiaphragmat-

icaorta

If the rupture is located on the anterior aspect
of the aneurysm and there is ongoing signifi-
cant bleeding within the peritoneal sac, an as-
sistant can achieve temporary proximal control
by manual compression of the subdiaphrag-
matic aorta. This is performed by simply plac-
ing the fist against the lesser omentum high up
under the xiphoid process and pushing down-
ward and cranially, thereby compressing the
aorta against the vertebral column. This gives
the surgeon an opportunity to visualize and
find the hole, followed by insertion of an oc-
clusive balloon as previously described.



5. Straight clamp on subdiaphragmatic aorta
through the lesser omentum
Better control can be achieved by placing an
aortic clamp in the subdiaphragmatic position
(Fig. 7.4 a-d). The technique is not so easy but is
useful when there is a very large hematoma sur-
rounding the neck of the aneurysm, indicating
that the rupture is located in that area. In such
a case there is considerable risk for uncontrol-
lable bleeding through the rupture when the
dorsal peritoneum is opened to expose the
aneurysmal neck. To achieve subdiaphragmatic
control, the lesser omentum is incised, the aor-
tic hiatus at the diaphragmatic crus is exposed,
and the aorta is clamped. The triangular liga-
ment must be divided to allow retraction of the
left liver lobe to the right. To avoid damage to
the ventricle and esophagus, these organs need
to be retracted to the left. Thereafter the muscle
fibers in the diaphragmatic crus are divided to
allow the straight clamp to be applied in an an-
teroposterior position. A straight clamp, how-
ever, has a tendency to slip off the aorta and
cause rebleeding, and repositioning of it is of-
ten necessary. This risk is increased if the mus-
cle fibers in the diaphragmatic crus are not cut
sufficiently. Great care must be taken to avoid
damaging the esophagus and vena cava. As
soon as possible, any supraceliac aortic occlu-
sion is replaced by one in an infrarenal posi-
tion.

6. Clamping of the thoracic aorta
Transthoracic control of the aorta can be used
in extreme situations. It is performed through a
low left-sided thoracotomy in the 5th-6th in-
tercostal space. The incision starts in the mid-
clavicular line and is extended dorsally as far as
possible. After the pleura is incised, the lung is
retracted anteriorly and caudally, after which
exposure of the thoracic aorta is relatively easy.
There are few disturbing surrounding struc-
tures. This technique, however, is associated
with increased postoperative morbidity and is
rarely necessary in the management of rup-
tured abdominal aortic aneurysms.

7. Proximal endovascular aortic control
In potentially technically challenging and se-
vere cases of ruptured aortic or iliac aneurysms
in obese patients or in those with a “hostile” ab-
domen or traumatic injuries to large intraab-
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dominal, retroperitoneal, or pelvic vessels, it
can be advantageous to start the procedure by
percutaneously inserting an intraluminal bal-
loon for proximal aortic control (Fig. 7.5). De-
pending on the location of the injury, this can
be done from the groin through the femoral ar-
tery or from the arm through the brachial ar-
tery. In the former situation, a supporting long
introducer left in place is often needed to pre-
vent dislocation by the bloodstream. This pro-
cedure requires the surgeon to have experience
in endovascular methods or an interventional
radiologist to be available for assistance. Briefly
the technique is as follows. The brachial artery
is punctured with a 12-French introducer. A
guide wire is inserted under fluoroscopy with
its tip then in the proximal aorta. A 100-cm
long catheter with a 46-mm compliant balloon
is inserted over the guide wire and connected to
a syringe with saline for insufflation. If the pa-
tient is in shock the balloon is immediately
insufflated by the surgeon for resuscitation.
Once positioned such an intraaortic balloon
can be temporarily insufflated when needed.
This might be a salvaging procedure in many
cases of extensive vascular injuries because it
controls hemorrhage while allowing dissection
of the injured segment. Subsequent application
of ordinary vascular clamps can then provide
better control. Aortic balloon occlusion can
also be valuable in extensive venous injuries in
the abdomen or pelvic area because the stopped
aortic inflow secondarily leads to diminished
venous bleeding.

7.5.2.4 Continuing the Operation
Proximal aortic control usually stabilizes the pa-
tient and the operation can proceed as in elective
operations for AAA. Theiliac arteries are exposed.
The aorta and the iliac arteries are clamped, the
aneurysm incised, and the thrombus extracted.
If there are firm adhesions between the iliac artery
and the vein, dissection may be dangerous, poten-
tially causing severe bleeding by injuries to the
iliac vein. This can be avoided by using balloon
occlusion of the iliac arteries from inside the an-
eurysm once it has been opened. If there is back-
bleeding from lumbar arteries, the inferior mesen-
teric artery, or the median sacral artery, their ori-
gins are controlled with 2-0 suture from the inside
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Fig.7.4. a The left triangular ligament is divided to
facilitate exposure of aorta at its diaphragmatic hilus.
b The gastrohepatic omentum is divided longitudi-
nally, the lesser omental sac entered, and the aorta
digitally mobilized at the diaphragmatic crus. c After
proximal subdiaphragmatic control is achieved by a

straight clamp, the posterior peritoneum is divided
and the neck of the aneurysm is palpated and digitally
dissected, as previously described, through the hema-
toma. d A second clamp is then placed on the neck of
the aneurysm and the subdiaphragmatic clamp slowly
released



of the aneurysm. Ligature of the inferior mesen-
teric artery outside the aneurysm should be avoid-
ed because this is associated with a certain risk for
occlusion of arcade arteries that sometimes are

important collaterals in the intestinal circulation.
A straight tube graft or an aortobiiliac bypass
graft is used for the aortic reconstruction. A col-
lagen-coated woven Dacron graft is recommend-
ed; these types of grafts are presealed with albu-
min and do not need preclotting. A tube graft is
used if aorta is soft and not dilated at its bifur-
cation. If the dilation continues down into any of
the common iliac arteries or if there are extensible
calcifications in the bifurcation, a tube graft
should not be used. If the iliac arteries are calcified
or dilated extension of the graft limbs to the com-
mon femoral arteries may be necessary. This is
combined with ligation of the common iliac arter-
ies. The proximal anastomosis is usually sewn
with nonresorbable monofilic 3-0 or 4-0 suture.
When the graft is anastomosed to the iliac or fem-
oral arteries a 5-0 suture is used.

After the reconstruction is complete, the anas-
tomoses are checked for leakage and possible ob-
struction. Finally, the aneurysmal sac is wrapped
around the graft and the dorsal peritoneum closed
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Fig.7.5. A balloon catheter occlud-
ing the aorta at a desired level is in-
serted through the brachial artery.
An alternative is to use a femoral
approach with a 16 French 55 cm
introducer, supporting the balloon
from below

over it. Abdominal drains are never used because
even significant postoperative bleeding cannot be
drained. More about bleeding complications after
aortic surgery can be found in Chapter 12 (page
149). The most common causes for postoperative
bleeding are lumbar arteries not being secured
during the procedure, anastomotic leakage, or
veins that were not ligated but being temporarily
contracted during the operation and later dilated.

Because of the increased risk of bleeding, sys-
temic heparin should not be given to all patients
with ruptured aneurysms. Those hemodynami-
cally stable and with little operative bleeding
should be given heparin IV. A recommendation is
to use half the dose used for elective procedures.
Local heparinization should be administered by
infusing heparinized saline into the iliac arteries.
Liberal use of Fogarty catheters to remove clots
and emboli dislodged to the leg arteries from the
thrombus during dissection is also advocated. If
there is no backbleeding from either one of the
common iliac arteries, thrombectomy is manda-
tory.

Antibiotic prophylaxis should be administered
according to local protocols for operations involv-
ing synthetic vascular grafts. One suggestionis 2 g
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