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Vascular diseases of the peripheral circulation are often complex and challenging
to the clinician. This textbook addresses the entirety of common peripheral vas-
cular diseases and will be an important resource to the practicing physician. En-
counters with these patients will become increasingly common, given our suc-
cessful prolongation of life in industrial society and the aging of the baby
boomers born between 1946 and 1964. It is incumbent on physicians in train-
ing and established clinicians to understand the basics of a patient’s presenta-
tion, appropriate diagnostic testing, and therapy for vascular diseases.

The most common learning by physicians is with rote memory after repeti-
tive exposure to new words, new tests, and new procedures. However, the best
learning comes from experience, especially after successfully evaluating and
managing a patient’s illness. The case studies presented in this textbook expose
the reader to problem solving in a real-world context. It is surprising that med-
ical education has been slow in adapting the learning paradigms of other profes-
sions, such as case studies in the business world and case law of our judicial sys-
tem. Drs. Upchurch and Henke have identified an energetic and engaged group
of contributors, and they have organized this textbook in an organ- and disease-
specific manner that will facilitate the reader’s focus on a given illness. This text-
book fulfills a need to reeducate practicing physicians in a changing world of
high technology. Its clear approach to vascular disease will be valuable to both
primary care physicians and specialists, be they trainees in their early learning
stages or seasoned practitioners. There is little question that Clinical Scenarios in
Vascular Surgery belongs in the offices of busy clinicians and will be used fre-
quently to enhance their knowledge, improve their practice, and benefit their
patients. 

James C. Stanley, MD
Professor of Surgery

Section of Vascular Surgery
University of Michigan

foreword





Clinical Scenarios in Vascular Surgery is a first edition focusing on vascular
disease in a series of clinical, case-based texts aimed at the medical student,
trainee, and young vascular specialists including surgeons, vascular medicine
physicians, and interventionalists. The field of vascular care is rapidly changing,
primarily because of faster and more accurate diagnostic tools, as well as better
therapies. Surgeons and non-surgeons treat vascular disease in the arterial, ve-
nous, and lymphatic systems, and these entities will only become more com-
monplace as the population ages. However, satisfactory treatment outcomes
rely on proper decision making at all steps in the vascular patient’s care.

The decision making begins with the proper diagnosis, which is still primar-
ily based on a good history and physical examination. The goal of this text is to
describe the typical presentation, describe diagnostic and therapeutic algo-
rithms, and provide succinct supporting data at how these therapeutic decisions
were made. Typical complicated disease courses, surgical outcomes, and pitfalls
to avoid are described in many of these case scenarios. Selected references are in-
cluded for the reader interested in more in-depth information about a particular
topic.

The chapters are original and have been written primarily by young, practic-
ing, academic vascular specialists who are well-versed in the problems described
on a day-to-day basis. The structure of each chapter follows the same basic for-
mat that “walks” the reader through the given vascular disease entity. This for-
mat allows a focused and directed approach to clinically oriented management
that is supported by the current literature. It is not the goal of this text to be all-
inclusive. We also anticipate this book to be of particular appeal to vascular
trainees studying for oral specialty board examinations. 

This book would not have been possible without the hard work of the con-
tributing authors. Their effort and knowledge conveyed on these pages is greatly
appreciated by the editors. The persistence and excellent efforts of our publisher,
Lippincott Williams & Wilkins, is acknowledged, and Acquisitions Editor Brian
Brown deserves special thanks from us. Lastly, we sincerely appreciate the
patience and support of our families, in particular our wives Nancy and Barbara.
To the readers of this book, we hope it provides succinct and clear information
that can be used in daily care of the patient with vascular disease for their
benefit. 

Gilbert R. Upchurch, Jr., MD 
Peter K. Henke, MD

preface





Presentation

A 53-year-old right-handed woman with a history of tobacco use and hyperten-
sion is rushed to the emergency department after complaining of a severe, sud-
den headache followed by a momentary loss of consciousness. On examination,
the patient is extremely lethargic with photophobia and right-sided hemiparesis. 

� Noncontrast CT Scan of the Head

1
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Figure 1-1

CT Scan Report

A noncontrast CT scan of the head reveals diffuse subarachnoid hemorrhage
(SAH). A 1x1-cm calcified lesion is noted near the left anterior temporal lobe. A
preponderance of the subarachnoid blood is filling the left insula and Sylvian
fissure.

Differential Diagnosis

The patient’s symptoms suggest a primary central nervous system event. Al-
though headache is generally a nonspecific condition, the acuteness and sever-
ity of this patient’s headache cause concern for intracerebral hemorrhage (ICH).
Ischemic stroke and primary seizure disorder are common neurologic disorders
and are nearly always nonpainful events. Intracerebral hemorrhage is generally
due to trauma, tumor (primary or metastatic), hypertension, amyloid angiopa-
thy, arteriovenous malformations, or aneurysms. The pattern of blood seen on
the presenting CT scan (ie, blood layering in the sulci and extraparenchymal
vascular territories, or subarachnoid spaces) is consistent with aneurysm rupture
in the left middle cerebral artery (MCA).

John A. Cowan, Jr., MD, and B. Gregory Thompson, MD



Recommendation

Immediate stabilization of the patient’s airway, breathing, and circulation
(ABCs) is of prime importance. Patients who present with altered sensorium are
at high risk for developing respiratory distress and aspiration. Furthermore, con-
trol of the patient’s serum carbon dioxide levels will help in the management of
elevated intracranial pressure. Therefore, the patient is intubated and mechani-
cally ventilated to achieve adequate oxygenation and a partial pressure of car-
bon dioxide (PCO2) between 32 and 36 mm Hg. An arterial line is placed and
the patient is medicated to achieve systolic blood pressures less than 140 mm
Hg. A central venous line is placed for intravenous access and to assess blood
volume status. The patient is given loading and maintenance doses of an anti-
convulsant and is started on a histamine (H2) blocker or proton pump inhibitor
for gastric protection. Nimodipine, a calcium channel blocker, is begun to lessen
vasospasm. An electrocardiogram, serum sodium level, and coagulation studies
are also performed. An external ventricular drainage catheter is placed in the
right frontal horn of the lateral ventricle at the bedside. This provides immedi-
ate assessment of intracranial pressure and allows for drainage of cerebral spinal
fluid as needed. The patient is then emergently taken to interventional radiol-
ogy for a diagnostic angiogram. 

� Angiogram
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Figure 1-2

Angiogram Report

The angiogram reveals an abnormal bilobed dilation at the bifurcation of the
left MCA consistent with an aneurysm.

Diagnosis and Recommendation

Ruptured left MCA aneurysm, amenable to open surgery.



Discussion
Two options exist for the management of a ruptured cerebral artery aneurysm.
The newer procedure, endovascular coiling, involves inserting electrolytic de-
tachable metal (usually platinum) coils into the lumen of the aneurysm via the
femoral artery. This provides a nidus for thrombosis and essentially seals the
aneurysm from normal circulation. The traditional approach is to perform a pte-
rional craniotomy and expose the body of the aneurysm so that a surgical clip
can be placed across the neck of the aneurysm. This excludes the aneurysm
from normal circulation and reconstructs the lumen of the vessel.

In most cases, the angiographic characteristics of an aneurysm are useful in
determining the most appropriate treatment modality. A patient’s comorbid
conditions and clinical grade are also considered. In this case, the wide neck of
the aneurysm lessens the likelihood of successful coiling. Furthermore, the loca-
tion of the aneurysm is amenable to an open surgical approach. Open surgery is,
therefore, recommended.

� Surgical Approach

The patient is emergently taken to the operating room. She is placed in a supine
position with a shoulder bump placed under her left side. A Mayfield head-
holder is applied, and her head is turned to the right to facilitate a left pterional
approach. Using microsurgical techniques, the body of the aneurysm is dis-
sected free and a titanium clip is applied across the neck of the aneurysm, ex-
cluding it from the normal circulation. An intraoperative angiogram is per-
formed to demonstrate complete aneurysm occlusion and normal perfusion of
distal MCA branches (Figure 1-3).
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Figure 1-3 An intraoperative
angiogram reveals normal blood
flow through the left MCA and
no residual aneurysm.

Discussion
Cerebral artery aneurysms are thought to be present in 2% to 3% of the popula-
tion. The peak incidence of rupture is between 40 and 50 years of age with a fe-
male predominance (3:2; female:male). The overall mortality after SAH is 43%



to 55% with 20% to 30% morbidity in surviving patients. The risk of re-rupture
is highest within the first 2 weeks (approximately 25%) with a 50% re-bleed rate
at 6 months. The annual risk of rupture of a known cerebral artery aneurysm is
controversial, but is thought to be approximately 1.4% per year. Smoking, hy-
pertension, aneurysms larger than 7 mm, positive family history, aneurysm lob-
ulation, multiple aneurysms, and prior SAH increase the risk of aneurysm rup-
ture. Other medical conditions that predispose patients to cerebral aneurysm
formation are autosomal dominant polycystic kidney disease, fibrous dysplasia,
and coarctation of the aorta.

Future advances in catheter-based technologies will allow more cerebral
aneurysms to be treated without needing open surgery. To date, one random-
ized controlled trial has compared an endovascular approach to traditional
surgery in a limited population with SAH. These investigators found a small
morbidity and mortality advantage to endovascular therapy in short-term fol-
low-up. Comparisons of long-term outcomes are currently not available, but are
needed.

Suggested Readings 
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Presentation

A 55-year-old male smoker is referred to you for evaluation of right hemi-
spheric transient ischemic attacks. He reports that on multiple occasions he has
experienced self-limited left hand and arm weakness and numbness that re-
solves spontaneously over several hours. In addition to these episodes, his
medical history is remarkable for one episode of right-sided monocular blind-
ness. He has mild hypertension and has no history of previous stroke. He de-
nies any previous operations and takes no medications. Physical examination
reveals only fullness of the right carotid artery and a right carotid bruit. The
contralateral carotid appears normal on physical examination. He has no pal-
pable pulsatile midline abdominal masses or evidence of peripheral vascular
disease on examination. He is referred to you for work-up.

Differential Diagnosis

The differential diagnosis of transient ischemic attack (TIA) and amaurosis fugax
is broad and somewhat vague, with up to 30% of causes of TIA symptoms being
“nonvascular” in origin. The ability to elicit a good history from the patient is
essential to accurate diagnosis of TIAs. Careful consideration should be given to
cerebrovascular disease (common, internal and rarely external carotid artery
atherosclerosis) as the cause of symptoms. Carotid artery aneurysm (CAA) or
dissection, thromboembolism from cardiac sources, arteritis (due to medica-
tions, irradiation, infection, or trauma), sympathomimetic drugs (eg, cocaine),
and fibromuscular dysplasia are less likely, but should be included in the differ-
ential diagnosis. Other medical illnesses (eg, a hypercoagulable state or Marfan’s
syndrome) should be considered in selected cases.

Duplex scanning is the most simple and available modality to investigate
suspected carotid artery lesions. It is a noninvasive and proven modality, with
the caveats that it may fail to identify a lesion high in the carotid artery (espe-
cially if the patient has a short neck) and may overestimate the degree of carotid
stenosis in the presence of a contralateral carotid artery occlusion.

Case Continued

A duplex ultrasound scan of the bilateral carotid arteries is ordered. On exami-
nation, the left carotid artery is normal; an ultrasound image of the right carotid
artery is shown in Figure 2-1.
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� Carotid Duplex Ultrasound Scan
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Figure 2-1

Figure 2-2 Aortic arch and carotid
artery angiogram.

Carotid Duplex Ultrasound Scan Report 

The duplex ultrasound examination of the right carotid artery demonstrates an
aneurysmal common carotid artery and bulb approximately 3 cm in diameter.
The proximal right internal carotid artery also appears aneurysmal. There is
minimal intraluminal thrombus within the CAA.

Discussion
Although invasive (and associated with a stroke risk of approximately 1%), arte-
riography is the gold standard for CAAs. It remains a necessary preoperative
study for CAAs, even if the diagnosis is first indicated by some other means. Ar-
teriography most often provides the diagnosis and exact location of CAAs. It
also detects associated lesions, stenosis, and wall irregularity including carotid
fibrodysplasia. Newer technologies, such as magnetic resonance arteriography
(MRA) and computed tomography angiogram, may be applicable to this disease,
but their availability may be limited. An example of the MRA for this patient is
included as an illustration of this imaging technique.



Carotid Artery Angiogram Report

The arteriogram above confirms the diagnosis and demonstrates a right CAA in-
volving the right carotid bulb and proximal internal carotid artery. In addition,
the arteriogram also demonstrates that the lesion is well removed from the
petrous portion of the internal carotid artery (ICA), and that there is no evi-
dence of a pseudoaneurysm or fibrodysplasia. As illustrated above, MRA also can
provide quality images and valuable information concerning CAAs. In the fu-
ture, MRA may have a more definitive role in the diagnosis and management of
this disease.

Diagnosis and Recommendation

Even today, untreated CAAs are associated with poor outcomes (21% to 50%
mortality rate due to stroke); therefore, surgical therapy is the preferred manner
of treatment. At this time, open repair is preferable, because data for an en-
dovascular approach and placement of covered stents for treatment of a CAA are
lacking. 

In general, the presence of a CAA is an indication for operative repair. How-
ever, if the aneurysm was discovered incidentally, is small in size, and the pa-
tient is completely asymptomatic or is a poor operative candidate due to comor-
bid conditions, an argument could be made to treat the patient nonoperatively
with close observation, biannual carotid duplex examinations, and antiplatelet
therapy. If such a patient demonstrates growth in the size of the aneurysm or
develops symptoms, then surgical repair is indicated.

Discussion
Extracranial carotid aneurysms are defined by localized increases of carotid
artery caliber of more than 50% of reference values (0.55 cm:0.49 cm, male:fe-
male at the level of the ICA; 0.99 cm:0.92 cm, male:female at the carotid bulb).
They are relatively rare: recent clinical series spanning decades report only 20 to
50 cases. Most tertiary care hospitals encounter less than one per year. It is esti-
mated that extracranial aneurysms represent 0.4% to 4.0% of all peripheral
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aneurysms. As opposed to aneurysms in the femoral and popliteal locations,
CAAs are infrequently associated with other peripheral arterial aneurysms. CAAs
may occur bilaterally approximately 15% to 20% of the time, and therefore ne-
cessitate thoughtful evaluation of the contralateral carotid artery. They are more
common in males than females (2.5:1), occur at an earlier age (53 to 56 years of
age) than atherosclerotic disease, and are frequently associated with hyperten-
sion (62%).

Presenting symptoms are most commonly caused by thromboemboli, as
rupture of a carotid aneurysm is rare. Approximately two thirds of patients with
CAAs present with TIAs. In addition, 33% complain of symptoms of amaurosis
fugax and 21% have nonhemispheric symptoms, such as equilibrium distur-
bances or blurred vision; 8% will present with frank stroke. The remaining one
third of patients are asymptomatic, although some may complain of dysphagia.
These patients commonly present with an asymptomatic pulsatile neck mass or
an incidental finding of CAA on computed tomography scan.

Historically, CAAs were most commonly due to peritonsillar infection. Al-
though one recent clinical series cited postoperative pseudoaneurysm as a com-
mon cause, most series report atherosclerosis as the most common etiology.
Other causes include carotid artery dysplasia, dissection, trauma, and infection.
Regardless of cause, CAA is most often located at the carotid bulb (95%) with ex-
tension into the proximal internal carotid artery. It may extend to the carotid
siphon in some cases, necessitating arteriography as part of the preoperative
work-up.

Until the 1970s, CAAs were operatively managed by carotid artery ligation
and were associated with an operative mortality of approximately 30%. More re-
cent data suggest a lower mortality rate (11% to 12%) with ligation. Operative
management has evolved since that time, but untreated disease is still associ-
ated with an unacceptable stroke rate of 21% to 50%.

Absolute indications for operative repair include symptomatic disease and
aneurysm size greater than 2 cm. Current operative strategies range from direct
arterial reconstruction with autogenous vein or synthetic grafts to simple
aneurysmorrhaphy with patch angioplasty for selected saccular aneurysms.
Combined major stroke and mortality rates for these procedures are generally
accepted as 9% (range 3% to 20%, depending on the series).

Case Continued

The patient’s risk factors for anesthesia and surgery are minimal. Informed con-
sent is obtained. He is started on antiplatelet therapy with aspirin, and is sched-
uled for open repair of his CAA the following day.

Intraoperatively, the patient is found to have a 2.5-cm aneurysm of the right
carotid bulb and proximal right internal carotid artery. The external carotid
artery is ligated and the CAA is fully exposed.

� Surgical Approach

The goal of surgical treatment is resection of the aneurysm with restoration of
arterial continuity, while simultaneously avoiding neurologic complications
due to thrombosis or thromboembolism. The operative approach to CAA is sim-
ilar to that of elective carotid endarterectomy. General (rather than regional) en-
dotracheal anesthesia is usually recommended because these procedures may be
complex and have a protracted duration. The patient is positioned on a shoul-
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der roll with adequate neck extension and rotation. The neck, upper chest, and
groin (if the saphenous vein is to be used as a conduit) are prepared and draped
in standard fashion. A cervical incision is made parallel and slightly anterior to
the sternocleidomastoid muscle over the carotid bifurcation. The platysma mus-
cle is divided using electrocautery and the carotid sheath is entered. The inter-
nal jugular vein is reflected laterally and the facial vein is ligated. The CAA is
then exposed with minimal manipulation to avoid embolic complications. The
posterior belly of the digastric muscle or the omohyoid muscle can be divided
without hesitation to facilitate atraumatic dissection of the carotid. Care is
taken to preserve the vagus and hypoglossal nerves, which may adhere to the
aneurysm and are frequently injured. Once dissection is satisfactory, systemic
heparin is administered intravenously. The common carotid artery below and
the internal carotid artery above the aneurysm are controlled with vascular
clamps. If the distal extent of the aneurysm is high and does not allow clamp-
ing, intraluminal balloon occlusion devices may be used. The external carotid
artery is routinely ligated at this point, with the potential to be reimplanted
later if collateral circulation is a concern. Intraluminal shunts may be used selec-
tively if there are signs of impaired intracranial collateral blood flow, if the pa-
tient has had a prior stroke, or universally depending on surgeon preference.
The aneurysm is then resected, and an end-to-end carotid-carotid interposition
graft with spatulation of the distal ICA anastomosis is created. Reversed saphe-
nous vein is generally the preferred conduit, but synthetic conduit may be used
with good results if autogenous conduit is limited.

Markedly tortuous carotid arteries with limited aneurysmal involvement oc-
casionally may be treated by simple aneurysm resection and primary reanasto-
mosis or reimplantation of the carotid artery. Simple open aneurysmorrhaphy
with patch angioplasty can be performed in selected patients with saccular
aneurysmal disease, although the long-term success of this operation has not
been established definitively. Internal carotid artery ligation is rarely necessary,
but if such an approach is required, then postoperative anticoagulation should
be considered to prevent stroke from cephalad propagation of thrombos in the
ligated distal internal carotid stump.

Once repair is accomplished, the incision should be closed in layers with ab-
sorbable suture material according to the surgeon’s preference. Closed-suction
drainage is generally not necessary. If general anesthesia was used, the patient
should be awakened and a thorough neurological assessment performed to as-
sess for any deficits. Acute neurological events within hours of surgery should
prompt emergent operative exploration to evaluate for technical failure of the
repair and operative correction of any problems discovered.

Case Continued

The CAA is resected and replaced with a saphenous vein interposition graft
sewn end to end with the common carotid artery distally and to the internal
carotid artery proximally. The distal anastomosis is generously spatulated to
avoid later anastomotic stenosis. The external carotid artery is not reimplanted.
Postoperatively, the patient does well with no evidence of stroke, but his tongue
now deviates to the right on protrusion.

Discussion
Cranial nerve injury after resection for CAA is common because of the presence
of the aneurysm and distortion of the anatomy. The vagus and hypoglossal
nerves are most often injured. Recent literature reports cite a broad range of in-
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cidence (0% to 66%) of cranial nerve injury. The majority of clinical papers re-
port a cranial nerve injury rate of approximately 25%. Most injuries resolve with
little morbidity after a few months.

Suggested Readings 
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Presentation

A 28-year-old woman presents to your office with a classic history of amaurosis
fugax on the right that has occurred 3 times in the past month. The last episode
was associated with weakness of her left upper extremity lasting 10 minutes. Her
past medical history is unremarkable. She has experienced no head or neck
trauma. She is a nonsmoker, and there is no family history of cardiovascular dis-
ease, including stroke. Physical examination, including retinoscopy, is normal
except for a grade III/VI high cervical bruit in the right neck.

Differential Diagnosis

Although a demyelinating or other destructive central nervous system (CNS) dis-
ease might cause visual aberrations and motor-sensory changes, this patient’s last
episode suggests an embolic event affecting the retinal circulation and ipsilateral
middle cerebral vessels. Microemboli from a cardiac source with valvular vegeta-
tions, or an ulcerated arteriosclerotic plaque in the innominate-carotid vessels
deserves consideration. However, in an otherwise healthy young woman, such is
unlikely. Nevertheless, a transesophageal echocardiogram did not reveal any ab-
normalities within the heart. Duplex ultrasonography of the carotid arteries did
not reveal any arteriosclerotic changes, although the contour of the uppermost
internal carotid artery appeared somewhat irregular. In this setting, fibrodyspla-
sia of the extracranial internal carotid artery (ECICA) is the most likely diagnosis. 

Discussion
The precise incidence of carotid artery fibrodysplasia is unknown, although le-
sions of the ECICA affected 0.42% of 3600 patients undergoing cerebral arterio-
graphic examinations at the University of Michigan. This finding was nearly
identical to the 0.4% incidence encountered at the Mayo Clinic. Nevertheless,
many of these former examinations were performed for suspected cerebrovascu-
lar disease, and thus the true frequency of ECICA fibrodysplasia in the general
population would be expected to be lower. Medial fibrodysplasia of the ECICA
invariably affects women, with most individuals being premenopausal in their
third and fourth decades of life when diagnosed. If previous definitions of me-
dial fibrodysplasia are rigidly applied, this particular dysplastic disease has rarely
been described in men.

Complications occurring with medial fibrodysplasia of the ECICA appear to
be related to (1) chronic encroachment on the lumen that causes flow reduc-
tions, (2) collection of thrombi within the dysplastic cul-de-sacs with distal em-
bolization, and (3) acute occlusive dissections. The precise incidence of these
complications has not been determined, but appear to occur in fewer than 5%
of cases. The natural history of this disease is ill defined, but is less onerous than
previously thought. Progression of ECICA fibrodysplasia may approach 30%,
but the exact rate of change has yet to be defined.
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The pathogenesis of ECICA fibrodysplasia is poorly understood, but it ap-
pears to parallel that occurring in the renal vessels. Three factors have been hy-
pothesized to be important. First, estrogen effects on vascular smooth muscle
during the reproductive years are believed to cause smooth muscle transforma-
tion to myofibroblasts. Second, very few muscular branches originate from the
extracranial portion of the internal carotid artery, thus reducing the source of
intrinsic vasa vasorum in this vessel. Such may contribute to mural ischemia in
this vessel. Third, unusual traction or stretch stresses that occur with hyperex-
tension and rotation of the neck also appear to contribute to smooth muscle
changes in the affected vessels. All three factors—hormones, mural ischemia,
and physical stresses—appear to play a role in causing dysplastic changes in the
ECICA.

Non-cerebrovascular medial fibrodysplasia affects many patients who pre-
sent with ECICA lesions. Renal artery involvement affects as many as 25% of
these individuals. The frequency of ECICA lesions in patients presenting with
renal artery dysplasia may be even higher, and it has been reported to be 50% in
patients who underwent arteriographic assessments of both vessels. 

Diagnostic Test

Carotid arteriography is essential to confirm the diagnosis of internal carotid
artery fibrodysplasia. Such a study should include bilateral carotid artery stud-
ies, as well as an evaluation of the intracranial circulation. Conventional arteri-
ography, because of its greater detail, is favored over magnetic resonance arteri-
ography (MRA) or reformatted axial computed tomography (CT) studies.

� Carotid Arteriography
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Carotid Arteriography Report

Carotid arteriography demonstrates medial fibrodysplasia of the ECICA adja-
cent to the second and third cervical vertebrae, with characteristic serial
stenoses alternating with mural aneurysms. The beaded appearance of dysplas-
tic upper cervical internal carotid artery is evident at operation (insert).

Discussion
Medial fibrodysplasia of the ECICA typically involves a 2-cm to 6-cm segment of
the internal carotid artery adjacent to the second and third cervical vertebrae.
The serial stenoses are usually evident on direct examination of the artery (see
Fig. 3-1, insert). Bilateral disease has been reported to occur in 35% to 85% of pa-
tients with these lesions, with an average incidence of approximately 65%.
Thus, arteriographic studies should be bilateral. Carotid arteries affected by me-
dial fibrodysplasia are often elongated, and occlusive kinking occurs in approxi-
mately 5% of cases. 

Coexistent intracranial aneurysms have been documented in 12% to 25% of
patients having ECICA fibrodysplasia. Solitary intracranial aneurysms are pre-
sent in 80% of these patients, with multiple aneurysms occurring in the remain-
ing 20% of patients. Although intracranial arteries are occasionally the site of
dysplastic disease, aneurysms seemingly do not develop in the involved vessel.
Instead, they appear to evolve as a generalized dysplastic arteriopathy, which in-
creases the likelihood of berry aneurysm formation. The anatomic distribution
of aneurysms in patients with medial fibrodysplasia is the same as that in pa-
tients not affected with dysplastic ECICA.

Recommendation

The patient was advised to undergo either an open surgical or percutaneous
catheter-based dilation of her diseased right internal carotid artery. Conven-
tional surgical dilation was pursued when the patient declined balloon dilation.

� Surgical Approach

The patient underwent open dilation of her diseased carotid vessel under re-
gional cervical block anesthesia. Rigid dilators were passed through a carotid
bulb arteriotomy. She was systematically anticoagulated with heparin (150 U/kg)
during the procedure, and this was reversed with protamine (1.5 mg/100 units of
heparin) after the arteriotomy was closed. She experienced no intraoperative
complications, and a postoperative arteriogram revealed a normal appearing
ECICA (Fig. 3-2). She was discharged on her second postoperative day and has re-
mained free of any neurologic signs or symptoms in the intervening 2 years.

Discussion
Operative techniques employed in the management of stenotic ECICA fibrodys-
plastic lesions have included open graduated intraluminal dilation, percuta-
neous balloon angioplasty with or without stenting, resection of the diseased
vessel with interposition grafting, and angioplasty with patch graft placement.
The latter two procedures are uncommon and are usually reserved for treating
dissections that have complicated the underlying fibrodysplastic disease. 
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Operative exposure of the carotid vessel includes dissection of the entire
ECICA to within a few centimeters of the base of the skull. Care must be taken
to avoid injury to cranial nerves IX to XII. Extended exposure at the upper cer-
vical levels may be facilitated by subluxation of the mandible. Experience at the
University of Michigan supports the use of intermittent traction on the
mandible using an external clamp inserted into the angle of the mandible. Oth-
ers have advocated continuous fixed distraction of the mandible following
placement of arch bars. 

Since its introduction nearly 35 years ago, graduated intraluminal dilation
has been the most common procedure used in the treatment of these lesions.
Rigid olive-tip dilators are advanced through an arteriotomy placed in the
carotid bulb or distal common carotid artery. Dilators are passed the full length
of the ECICA to the base of the skull. Initial dilators are usually 1.5 to 2 mm in
diameter, with increasingly larger dilators sequentially advanced until a 5-mm
to 6-mm dilator is inserted. Use of instruments with diameters larger than 6 mm
should be avoided because they may cause deep dissections or actual disruption
of the vessel wall. Balloon dilation through an open arteriotomy during a con-
ventional operative procedure is an alternative to use of a rigid dilator. Back
bleeding from the ECICA should allow washout of any dysplastic debris result-
ing from the dilation. Conclusion arteriography is not routinely performed, but
if there are concerns regarding the adequacy of the dilation, it should be done.
Conventional shunting usually interferes with the dilation procedure. 

Percutaneous balloon angioplasty, with or without stents or stent graft
placement, may be useful in treating these lesions. However, to date this ap-
proach has not been compared in a clinical trial to the operative use of rigid
dilators. Nevertheless, with improved catheter technology and better rescue de-
vices to prevent embolization, this manner of therapy is likely to become much
more common. 
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FIGURE 3-2 Postoperative appearance of
the dilated ECICA.



Therapeutic results in properly selected patients have been generally suc-
cessful, with approximately 90% of the almost 170 reported cases having had
excellent outcomes. However, nearly 5% of these patients have had postopera-
tive neurologic deficits and 1% have died as a consequence of this therapy. Fur-
thermore, follow-up studies, although sporadic in the reported literature, re-
vealed that approximately 2% of patients had late transient ischemic attacks,
and late strokes were observed in an additional 2%. Without preoperative ran-
domized studies, conclusive comparisons of open operative procedures, catheter-
based interventions, and simple antiplatelet-anticoagulation therapy are inap-
propriate. Nevertheless, the results of operative dilation for symptomatic ECICA
fibrodysplasia justify this therapy in properly selected patients.
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Presentation

A 45-year-old right-handed carpenter with a history of tobacco use is referred to
your office because he has recurrent episodes of speech slurring and right arm
weakness. The patient states that these episodes began 6 months ago, and that
they often occur while he is at work. Each episode lasts approximately 10 to 20
minutes, after which he returns to near full function. No loss of consciousness
occurs. On neurological examination, the patient is grossly intact with a mild
pronator drift on the right. The patient brings the results of a carotid duplex and
arteriogram, which suggests absence of blood flow in the left internal carotid
artery (ICA) and no significant ICA disease on the right. He was placed on an-
tiplatelet therapy several months ago with no relief of symptoms.

Recommendation

Urgent computed tomography (CT) scan of the head and cerebral angiogram are
recommended. An electrocardiogram and laboratories are obtained.

� CT Scan

Figure 4-1

4
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CT Scan Report

The noncontrast head CT scan reveals no evidence of stroke or other distinct ab-
normalities.

� Cerebral Angiogram

Figure 4-2

Angiogram Report

The cerebral angiogram reveals a 100% occlusion of the left ICA with no signifi-
cant disease in the right ICA.

Electrocardiogram and Laboratory Results

An electrocardiogram reveals normal sinus rhythm, and blood coagulation stud-
ies reveal no abnormalities.

Differential Diagnosis

The constellation of transient aphasia and arm weakness are suggestive of a
hemispheric process in the central nervous system. Seizures or cardiac events
causing these symptoms would often lead to loss of consciousness, and would
be associated with other neurologic or physical symptoms. Thromboembolic
(cardiac or other) phenomena, although common, typically result in an isolated
neurologic deficit (e.g., arm weakness only, aphasia only, visual complaints
only) during a particular episode. In total, the patient may have both arm weak-
ness and speech impairment; however, in this case the patient clearly describes
both symptoms simultaneously. In more than 90% of right-handed individuals
(more than 70% of left-handers), speech arises from the left hemisphere. Thus



transient, stress-related aphasia and right arm weakness are highly suggestive of
a low blood flow state in the left ICA distribution. The angiogram solidifies the
diagnosis of complete left ICA occlusion and reliance on collateral circulation to
the left fontal, temporal, and parietal lobes.

Recommendation

To assess the degree and limits of the patient’s collateral circulation, tests that
can now be performed include positron emission tomographic (PET) scan, mag-
netic resonance imaging (MRI) scan with perfusion/diffusion, computed tomo-
graphic (CT) scan with perfusion, or xenon CT scanning. In this case, xenon CT
scan is ordered.

� Xenon CT Scan
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Figure 4-3

Xenon CT Scan Report 

Xenon CT scan reveals decreased baseline cerebral blood flow (Fig. 4-3A) and a
severe deficit in cerebrovascular reserve (Fig. 4-3B) in the left ICA distribution. 

Diagnosis and Recommendations

Complete left internal artery occlusion with symptoms. External carotid artery
to internal carotid artery (EC/IC) bypass is recommended.

� Surgical Approach

The patient is placed in a Mayfield head-holder to provide 3-point fixation.
While the patient is in the supine position, the head is turned to the right. A
Doppler probe is then used to demarcate the branches of the superficial tempo-
ral artery (STA) in the scalp. After identification of a suitable donor vessel, the
head is shaved and prepped in a sterile fashion. A skin incision is made next to
the donor vessel so that it can be identified clearly and dissected free from the
surrounding connective tissue. The incision is lengthened so that a small cran-
iotomy may be performed beneath the temporalis muscle. A distal branch of the
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middle cerebral artery is identified on the cortical surface as the recipient vessel.
The donor and recipient vessels are joined in an end-to-side anastomosis with
an 8-0 monofilament suture. A handheld Doppler probe is used to ensure ade-
quate flow across the anastomosis. When a suitable STA cannot be found,
saphenous vein or radial artery can serve as a conduit between the EC and IC
circulation.

� Postsurgical Angiogram

Figure 4-4

Angiogram Report 

Anterior-posterior angiogram view reveals restoration of distal middle cerebral
artery perfusion via an external carotid artery bypass graft (arrow).

Discussion
Complete carotid occlusion is a relatively rare presentation of extracranial
carotid artery disease. In many cases, the symptoms due to complete carotid oc-
clusion are hemodynamic in nature rather than thromboembolic. The precise
management of these patients remains controversial. In 1985, the EC/IC Bypass
Study Group investigators found no statistical difference in stroke prevention
between surgery and medical (i.e., antiplatelet therapy) management. This re-
sulted in a dramatic decrease in the number of bypass surgeries performed for
stroke prevention. However, several investigators have begun using radi-
ographic tests of cerebral perfusion to select patients at higher risk for hemody-
namic stroke. This question is currently being investigated in the multi-institu-
tional Carotid Occlusion Surgery Study (COSS), whose findings should be
reported in 2005 or 2006. Until these high-risk populations can be identified,



EC/IC bypass is generally offered to patients failing medical therapy who have
symptoms attributable to poor cerebral hemodynamics and who have favorable
anatomy for a bypass. 
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Presentation

A 63-year-old man with a past medical history significant for hypertension and
tobacco abuse presents to your office with recent episodes of amaurosis fugax of
the right eye and left arm weakness. The episodes last for approximately 3 to 5
minutes, then resolve. He has experienced 3 episodes over the last 2 months.
Physical examination reveals a bruit on the right side of the neck, a regular
heart rate and rhythm, and no neurologic deficits.

Differential Diagnosis

The most common cause of transient cerebral ischemia is extracranial arterial
atherosclerotic disease. The differential diagnosis of these patients also includes
cardiac emboli, paroxysmal emboli, fibromuscular dysplasia (FMD), carotid dis-
section, coils or kinks of the extracranial arteries, aneurysms of the extracranial
arteries, and migraine headaches associated with transient neurologic deficits.
With this patient’s risk factors of age, hypertension, and tobacco abuse, carotid
stenosis must be considered the primary diagnosis.

Discussion
Transient cerebral ischemia is a global term encompassing amaurosis fugax, also
known as transient monocular blindness (TMB), and lateralizing transient is-
chemic attacks (TIA). TMB is classically described as having a “curtain over the
eye” or “a shade pulled over the eye” that clears in seconds to a few minutes.
Lateralizing TIAs commonly manifest as weakness or paresthesia that affect the
contralateral body. By definition, the duration of a TIA is less than 24 hours;
however, they frequently last only several minutes to an hour before resolving
without a residual neurologic deficit. Physicians rarely see patients during at-
tacks, and the history remains the primary factor in establishing a diagnosis.

A patient can experience frequent repetitive neurologic attacks without
complete resolution of the deficit between the episodes. If the attacks reproduce
the same deficit and there is no progressive deterioration in neurologic func-
tion, it is deemed a crescendo TIA. If a progressive deterioration in neurologic
function is seen, the patient is described as experiencing a stroke in evolution.
In either case, immediate evaluation is necessary and an emergent operation
may be required for a surgically correctable lesion.

Flow-related ischemic events are unusual due to an extremely efficient col-
lateral blood supply to the brain, primarily through the circle of Willis. When
they do occur, flow-related ischemic events are usually associated with carotid
dissections. Most commonly, cerebral ischemic attacks are caused by throm-
boembolic events from an arterial nidus. The arterial nidus for emboli is usually
an atheromatous plaque, but emboli can also originate from lesions caused by
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FMD, radiation therapy, or aneurysms of the carotid vessels. A less common
source is cardiac emboli, originating from an intracardiac thrombus associated
with atrial fibrillation or myocardial infarction. Paroxysmal emboli, which orig-
inate from a deep venous thrombus that crosses from the venous to arterial sys-
tems via a septal defect in the heart, are a rare cause of cerebral ischemic attacks. 

Although angiography has historically been considered the gold standard,
the initial diagnostic test is duplex ultrasonography to evaluate the extracranial
carotid and vertebral arteries for occlusive lesions. The basic principle of this
study is to assess anatomy, using real-time B-mode imaging, and flow dynamics,
using quantitative pulsed wave Doppler, to determine the location and severity
of disease. The grade of the lesion is characterized by increased velocity spectra
recorded proximal to, and at, the point of maximum stenosis. Several studies
have compared the accuracy of duplex ultrasound with arteriography, and have
determined a close correlation in stenotic estimations. Angiograms should be
obtained where duplex cannot accurately determine the severity of the lesion.
These situations include proximal common carotid or aortic arch lesions, con-
tralateral carotid occlusion, high bifurcation of the carotid, and discrepancy in
symptoms compared to the duplex findings. As technology advances, computed
tomographic (CT) angiography and magnetic resonance arteriography (MRA)
are becoming more useful diagnostic tools when these issues are encountered.

Recommendation

Obtain duplex ultrasonography of the extracranial vessels.

� Extracranial Duplex Ultrasound Scan 
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Figure 5-1 Figure 5-2

Extracranial Duplex Ultrasound Scan Report 

Spectral waveform (see Fig. 5-1) and duplex real-time B-mode (see Fig. 5-2) ultra-
sound scans show a significant (60% to 99%) stenosis of the right internal
carotid artery (ICA). Heavy plaque is identified extending from the carotid bulb
to the proximal ICA. 



Diagnosis and Recommendations

This patient has a symptomatic right ICA stenosis. He is offered a right carotid en-
darterectomy (CEA) and a life-long aspirin regimen. The expressed benefit of com-
bined surgical intervention and medical management includes an absolute risk re-
duction of stroke by 17%, and a relative risk reduction of 71% at 18 months. The
patient is informed that the operative risks include death, stroke, cranial nerve in-
jury, wound complications, headaches, and restenosis of the carotid artery. 

� Surgical Approach

The patient is given a regional block to the ipsilateral neck, and provided with
mild sedation. A pressure bag is placed in the contralateral hand to provide an
intraoperative assessment of the patient’s neurologic function. An incision is
made anterior to the sternocleidomastoid muscle, and carried through the
platysma. The internal jugular vein is identified and retracted laterally. The dis-
section is carefully continued around the common carotid artery, and control
obtained with a vessel loop. The vagus nerve is identified posterior to the carotid
artery. The dissection is continued superiorly to the superior thyroid artery and
the external carotid artery. Control of these vessels is also established with vessel
loops. Care is taken to avoid direct dissection of the carotid bifurcation. The in-
ternal carotid artery is further dissected superiorly, well above the distal aspect of
the atherosclerotic plaque. The hypoglossal nerve is identified superior to the bi-
furcation. Further exposure can be obtained superiorly with division of the digas-
tric muscle tendon. However, care must be taken not to injure the glossopharyn-
geal nerve. The internal carotid is controlled with a vessel loop.

Systemic heparinization is given, a test clamp is performed on the internal
carotid artery, and a neurologic assessment is made. Following the assessment,
vessels are clamped, and the arteriotomy is made on the anterolateral aspect of
the common carotid and extended superiorly beyond the most distal aspect of
the internal carotid plaque. If a neurologic deficit was realized during the test
clamp, a shunt is placed at this time. The endarterectomy plane is then created,
and the plaque is removed (Fig. 5-3). If intimal flaps are present, they are
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Figure 5-3 Carotid artery plaque after
endarterectomy. 



secured with tacking sutures. The arteriotomy is typically closed with a patch;
however, an unusually large artery may require primary closure (Fig. 5-4). Back
bleeding of the internal carotid is performed to remove any embolic potential
(e.g., debris or air) before placing the last few sutures. Arterial flow is restored
first to the external carotid and then the internal carotid artery. Duplex ultra-
sound scan is performed intraoperatively to identify any surgically correctable
issues. A drain is placed in the subplatysmal space, and the platysmal layer is ap-
proximated, followed by skin closure. The drain is removed on the first postop-
erative day.

Case Continued

The patient is without neurologic or cranial nerve deficits on postoperative day
one. The drain is removed and the patient is discharged from the hospital on as-
pirin therapy. He is scheduled for a wound check in 2 weeks, and will receive a
duplex study in 6 months to initiate routine follow-up of the surgical repair.

Discussion
An understanding of the natural history of the disease process is imperative to
the decision-making process aimed at providing therapy to prevent cerebral in-
farction. The initial mortality of an ischemic stroke approximates 15% to 30%.
Survivors have a high risk for recurrent stroke, estimated between 5% and 15%
per year, implying that approximately 50% will suffer a second ischemic inci-
dent within 5 years. 

Patients who experience symptoms (e.g., TIA, TMB) associated with their
carotid stenosis are at a higher risk of developing a stroke. The Mayo Clinic
study observed 118 patients with TIAs, and discovered the stroke rates at 1, 3,
and 5 years were 23%, 37%, and 45%, respectively, if no therapy was adminis-
tered. This represented a 16-fold increase in the risk of stroke when compared to
the age- and sex-adjusted population. 

The North American Symptomatic Carotid Endarterectomy Trial (NASCET)
is a large prospective study that determined a clear benefit with combined CEA
and medical therapy to treat a symptomatic carotid stenosis, when compared to
medical therapy alone. This study reported a 30-day operative morbidity and
mortality for patients managed with CEA of 5%. At 18 months, a 7% incidence
of major stroke occurred in the surgical arm of the trial, compared to a 24%
incidence of major stroke in the medical arm of the trial. This difference proved
highly significant.
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Figure 5-4 Carotid artery
patch.



Although the previously stated data provide a general standard, many surgi-
cal centers now report lower stroke and fatality rates associated with sympto-
matic carotid endarterectomies. It is, therefore, important for surgeons to moni-
tor their operative outcomes to appropriately counsel their patients preoperatively. 
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Presentation

A 63-year-old man with a past medical history significant for hypertension and
hypercholesterolemia presents to your office after his family physician hears a
right-sided neck bruit on routine physical examination. Social history is positive
for tobacco use. His medications include a beta-blocker and aspirin. On review
of systems, the patient denies evidence of amaurosis fugax, motor or sensory
deficits, difficulty with speech, or any previous history of a transient ischemic
attack or stroke. On physical examination, the patient has a right-sided carotid
bruit. His peripheral upper extremity pulses are all palpable. A duplex ultra-
sound scan of the carotid arteries is recommended. 

� Carotid Duplex Ultrasound Scan 
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Figure 6-1A Figure 6-1B

Figure 6-1C
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Carotid Duplex Ultrasound Scan Report

Right carotid scan: bulb and internal carotid artery (ICA) show evidence of
heterogeneous plaque with 87% diameter stenosis. (Arrows denote extent of
plaque on Fig. 6-1A.) Figure 6-1B demonstrates plaque with color Doppler. ICA
systolic velocity/end diastolic velocity: 338/149 cm/sec; 80% to 99% diameter
stenosis (see Fig. 6-1C). External carotid artery (ECA): normal. Vertebral: ante-
grade. 

Right carotid impression: The right carotid study reveals an 80% to 99% di-
ameter stenosis in the bulb/ICA. The distal end of the plaque was seen.  

Left carotid impression: The left carotid study reveals no significant disease
by image, and velocities are suggestive of a 40% to 60% diameter stenosis in the
bulb/ICA. Velocities may be elevated due to contralateral high-grade stenosis.

Differential Diagnosis

This patient has an asymptomatic high-grade right internal carotid artery steno-
sis. Other pathology may be noted on duplex, including a carotid body tumor, a
carotid artery dissection or aneurysm, or reversal of flow in the vertebral artery
(secondary to “subclavian steal”). However, given the patient’s smoking history,
physical examination, and duplex results, the diagnosis is an asymptomatic
high-grade right internal carotid artery stenosis.

Discussion
Stroke is the third leading cause of death in the United States, with more than
700,000 strokes and 150,000 deaths annually. Arteriosclerosis of the brachio-
cephalic trunk, including the carotid arteries, causes more than 50% of strokes.
The events that initiate transformation of a benign carotid bifurcation lesion
into a stroke-producing plaque are poorly understood. Initial plaque size, degree
of stenosis, and chemical composition of the plaque all are relevant in the evo-
lution of these lesions.

The work-up for a patient who presents with symptomatic or incidental
carotid artery stenosis should be systematic. History should be directed at iden-
tifying risk factors and prior ischemic events. Physical examination should note
signs of cardiac and systemic vascular disease, including assessment of periph-
eral pulses, examination for bruits, and careful assessment for signs of prior clin-
ical stroke on neurologic examination.

Carotid duplex ultrasonography is the recommended first screening study
in patients who are suspected of having carotid artery stenosis. The severity of
the ICA lesion can be reliably measured based on the internal carotid to com-
mon carotid artery ratio, peak systolic flow, and end diastolic velocities. Mag-
netic resonance angiography (3D-MRA) with 2D-time-of-flight (2D-TOF) is use-
ful in cases where duplex ultrasonography yields contradictory results or in the
elucidation of concomitant intracranial lesions. The traditional “gold standard”
diagnostic study for carotid artery stenosis has been angiography, but this study
is rarely used now. Carotid angiography, however, was used in most of the ran-
domized studies examining surgery versus medical therapy, justifying the use of
carotid endarterectomy (CEA), and therefore serves as the reference standard
against which other modalities are compared. It is useful in its ability to identify
co-existing lesions of the great vessels and intracerebral arteries. Following a
duplex scan, indications for MRA or carotid angiography include cases where
symptoms do not correlate with the extent of carotid disease, the top of the
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plaque is not visualized, the vessel is extremely tortuous, the ipsilateral carotid
artery is occluded, or if there is a high carotid bifurcation. 

Recommendations

A right carotid endarterectomy (CEA) is recommended, given the patient’s age
(less than 80 years) and gender (male). A combined 3% risk of ipsilateral stroke
and death is quoted. The risk of cranial injury, usually transient, is described as
10% to 15%. Given the patient’s age (less than 70 years), lack of diabetes or elec-
trocardiographic abnormalities, and good overall activity status (he is able to
walk up a flight of stairs without shortness of breath), no further preoperative
cardiac testing is performed. The patient is started on a statin preoperatively. 

Case Continued

The patient undergoes appropriate monitoring, including a radial arterial line. A
cervical block is placed. After prepping, an incision is made parallel to the ante-
rior sternocleidomastoid muscle. The platysma is divided and the sternocleido-
mastoid muscle is retracted posteriorly. The carotid sheath is entered, and from
this point on in the operation, sharp dissection is utilized. The facial vein is iden-
tified, ligated, and divided. Carotid artery dissection is performed with as little
manipulation of the artery as possible. The vagus and the hypoglossal nerves are
identified and protected. The CCA and the ECA are encircled with vessel loops.
The patient is systemically heparinized (100 U/kg), and the ICA is encircled distal
to the bulb plaque. After 3 minutes, a test clamp of the ECA and ICA is per-
formed. The patient remains neurologically intact; therefore, the CCA is
clamped. An arteriotomy is made in the CCA and extended up the ICA until the
top of the plaque is reached. The endarterectomy is begun in the CCA. An ever-
sion endarterectomy of the ECA is performed with good back bleeding. A nicely
feathering plaque is removed from the distal ICA. All debris is removed and a syn-
thetic patch is sewn in with fine monofilament suture. Prior to completing the
patch, the ECA and ICA are back bled and the CCA is forward bled. The patch is
completed. Following patch closure, an intraoperative duplex scan is performed. 

� Intraoperative Carotid Duplex
Ultrasound Scan 
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Case Continued

The incision is closed and the drapes are removed. The patient is neurologically
intact and is transferred to the postanesthesia care unit where he receives an as-
pirin. The patient is discharged to home the next morning with a follow-up ap-
pointment in 2 weeks.

Discussion
Three large clinical studies have been performed that assess the utility of CEA in
the setting of asymptomatic carotid artery disease: the Asymptomatic Carotid
Atherosclerosis Study (ACAS), the Veterans Affairs Cooperative Asymptomatic
Trial (VA Cooperative Study), and the Carotid Artery Stenosis with Asympto-
matic Narrowing, Operation versus Aspirin (CASANOVA) studies.

The most widely quoted of these studies is the ACAS, which randomized
1,662 patients with documented carotid artery stenosis of greater than 60%
without antecedent ipsilateral cerebrovascular symptoms. Patients were ran-
domized to “best medical therapy” (aspirin) or to aspirin plus CEA. The results
demonstrated a significant outcome advantage with aspirin plus CEA when
compared to aspirin alone. With a mean follow-up of 2.7 years, the 5-year risk
by Kaplan-Meier projection of ipsilateral stroke following CEA was significantly
decreased (5.1%) compared to the medical therapy group (11%). In this study,
CEA was performed by competent surgeons with a combined 3% or less peri-
operative morbidity and mortality rate. Men benefited substantially more than
women, and experienced a significant reduction in stroke with operative
therapy from 12.1% to 4.1%; women had a reduction in stroke risk from 
8.7% to 7.3%. This gender difference is often attributed to a higher presurgical
stroke rate in women following arteriography. All patients in the surgical arm
underwent cerebral angiography, while only 38% of patients in the medical 
arm underwent angiography. Because evaluation by cerebral angiography is 
not necessary in many patients with asymptomatic carotid disease, eliminating
this risk would have further reduced the stroke rate in the surgical arm from 
5.1% to 3.9%. The 30-day perioperative mortality rate in this study was only
1.5%.

It is important to understand that the three aforementioned randomized tri-
als documenting the role of CEA in asymptomatic patients with significant
carotid artery stenosis were defined by greater than 60% narrowing by arteriog-
raphy. These arteriographic measurements relate the size of the lumen within
the bulb at the site of disease to the nondiseased distal internal carotid artery.
Therefore, arteriographic results should not be confused with duplex ultrasound
studies, which measure the actual amount of atherosclerotic material from the
outside of the bulb compared to the remaining lumen. The described difference
in technique results in an inexact correlation between duplex and angiography.
This is important when trying to extrapolate study data from randomized trials
to clinical practice today, because duplex ultrasound is often the only preopera-
tive test performed in most patients prior to CEA.

Based on the three randomized clinical trials, CEA is indicated in asympto-
matic patients with a carotid artery stenosis of at least 60% by arteriography or
approximately 80% by carotid duplex ultrasound scan. The majority of patients
with noncomplicated asymptomatic carotid stenosis can be evaluated by duplex
alone and do not need to undergo cerebral angiography. Surgeons who perform
CEA for asymptomatic carotid disease should perform this operation with a less
than 3% perioperative morbidity and mortality.
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Recommendations

The patient is seen 2 weeks postoperatively and is doing well. He is encouraged
to stop smoking. A follow-up visit is planned at 3 months with a repeat carotid
duplex ultrasound scan to assess the rate of ipsilateral carotid artery restenosis.
It is imperative to follow the moderate contralateral left ICA stenosis because up
to 85% of these patients will progress over time to develop a severe ICA stenosis
requiring intervention. After the 3-month follow-up visit, yearly carotid duplex
scanning is recommended.
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Presentation

A 64-year-old African-American man with a history of essential hypertension
and smoking suffers a single 30-minute episode of transient left arm and left leg
paralysis. There were no associated speech or visual symptoms, and he describes
himself now as back to normal. His current medications are metoprolol and as-
pirin. Physical examination is remarkable only for a blood pressure of 148/87
mm Hg, and he is completely neurologically intact. Laboratory test results (in-
cluding lipid panel and hemoglobin A1c), electrocardiogram (ECG), and com-
puted tomographic (CT) scan of the head are normal. Carotid duplex examina-
tion reveals a high-grade 80% to 99% proximal right internal carotid artery
(ICA) stenosis and no left carotid occlusive disease.

After optimization of his beta-blocker dosage for better blood pressure con-
trol, he undergoes an uncomplicated right carotid artery endarterectomy (CEA)
under general anesthesia with a shunt. Arterial closure is accomplished with an
ePTFE patch. He awakes neurologically intact with a blood pressure of 160/80
mm Hg.

After 2 hours in the postanesthesia care unit, his blood pressure drifts down
to 95/60 mm Hg. His pulse is 58 beats per minute (bpm), and he is asymp-
tomatic.

Differential Diagnosis

The differential diagnosis for hypotension after CEA includes hypovolemia (es-
pecially if the patient is receiving diuretic therapy for hypertension), cardiac
dysfunction, sepsis, anaphylaxis, and neurally mediated mechanisms. This last
category includes not only autonomic dysfunction from stimulation of the
carotid baroreceptors in the freshly endarterectomized bulb, but also the hy-
potension may serve as an initial sign of an intracranial event. 

■ Approach

Postoperative blood pressure instability after CEA demands thorough bedside
evaluation. The accuracy of the blood pressure reading should be verified. The
therapeutic strategy depends on the etiology of the hypotension. If non-neural
mechanisms (e.g., hypovolemia, cardiac dysfunction) are ruled out, and on ex-
amination the patient demonstrates no neurologic deficit suggestive of cerebral
ischemia, then alpha agonists (e.g., phenylephrine) may be given via drip infu-
sion to maintain perfusion to vital organs. 
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Case Continued

Based on this patient’s low intraoperative fluid resuscitation record, early post-
operative oliguria, unremarkable physical examination results, and normal
ECG, intravascular volume depletion is determined to be the cause of his rela-
tively low blood pressure. Exacerbating the hypotension is the patient’s persis-
tent bradycardia secondary to his perioperative beta-blockade. He receives one
liter of lactated Ringer’s solution. Immediately after receiving Ringer’s solution,
the patient’s blood pressure returns to 140/80 mm Hg. Six hours later, his blood
pressure is 184/97 mm Hg, and he remains asymptomatic.

Differential Diagnosis

If a patient is in pain or anxious after CEA, then endogenous hormonal re-
sponses can drive hypertension postoperatively. Additionally, patients may have
missed doses of chronic antihypertensive medications. Other patients after CEA
suffer idiopathic postoperative hypertension that stands outside of these known
mechanisms.

� Approach

Pain therapy is titrated to avoid oversedation, which would impair the ability to
perform serial neurologic examinations. For hypertension that is not related to
pain, sodium nitroprusside or nitroglycerine hold the advantage of rapid blood
pressure reduction and short pharmacologic half-life (permits easy titration).

Discussion
The relatively narrow risk/benefit ratio of CEA and the systemic atherosclerosis
in these often high-risk patients demand close perioperative attention to mini-
mize complications. Periprocedural hemodynamic instability is common after
CEA. Evolving information would suggest similar alterations in blood pressure
and heart rate following percutaneous carotid interventions, such as angioplasty
and stenting. Perioperative hypotension and hypertension have been associated
with increased incidences of neurologic and cardiovascular events. There are no
clearly defined criteria for an acceptable blood pressure range after CEA, and the
clinician must consider the patient’s baseline pressure. Although based on lim-
ited data, many clinicians would consider systolic pressures over 160 or less
than 100 to be indications for intervention. Hypotension due to autonomic dys-
function usually resolves within 24 hours of CEA. Idiopathic hypertension after
CEA is seen more commonly in patients with preoperative hypertension and
high-grade carotid stenosis.

Case Continued

A short course of sodium nitroprusside brings the patient’s blood pressure below
140 mm Hg with a pulse rate of 68 bpm. He is restarted on his chronic beta-
blocker, and discharged to home on postoperative day one. However, 48 hours
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postoperatively, he returns to the hospital, complaining of a severe unilateral
right orbital and frontal headache, for which he receives acetaminophen with-
out relief. Four hours later he vomits, then suffers a grand mal seizure.

Differential Diagnosis

Neurologic symptoms after a CEA may be driven by extracranial etiologies such
as artery-to-artery thromboemboli (platelet-rich emboli from the surface of the
endarterectomized artery) or complete thrombosis of the endarterectomized
artery. Postoperative neurologic complications may also originate from intracra-
nial causes, such as hemorrhage and cerebral hyperperfusion syndrome.

� Approach

An emergency duplex ultrasound scan confirms bilateral ICA patency. Head CT
scan without contrast serves as an initial screen for intracranial bleeding. In-
tracranial hypodensities on CT scan may be infarctions or edema. CT scan with
perfusion or magnetic resonance imaging (MRI) with diffusion-weighted images
(DWI) can help distinguish between infarctions or edema. DWI is a special MRI
sequence designed for the detection of cerebral infarction.

� Head CT and Diffusion Weighted 
MRI Results 
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Figure 7-1(A)

CT Scan Report

Head CT scan is unremarkable (Fig. 7-1A). Images from a FLAIR (Fluid Attenua-
tion Inversion Recovery) MRI show increased signal intensity in the middle
cerebral artery distribution on the right side (see Fig. 7-1B) with no apparent re-
stricted diffusion on the diffusion-weighted images (see Fig. 7-1C). This constel-
lation is not consistent with acute infarction.

(C)(B)



Case Continued

The patient partially recovers, but clinically has a dense left hemiplegia. The
next day his mental status deteriorates into a coma, and his pupils are bilaterally
fixed and dilated. He dies 2 hours later. At autopsy, the endarterectomy site is
widely patent and without thrombus. There is a massive right hemispheric
hematoma and brainstem herniation through the foramen magnum.

Discussion
After endarterectomy for a high-grade carotid stenosis, the ipsilateral brain vas-
culature is exposed to perfusion pressures and blood flow substantially higher
than it has seen in years. It is theorized that the chronically ischemic intracra-
nial arterioles lose the ability to autoregulate in response to sudden changes in
perfusion pressure. When measured by techniques such as brain perfusion CT
scan, xenon CT scan, nuclear medicine single-photon emission CT scan, or
transcranial Doppler ultrasonography, up to 9% of patients develop early post-
operative cerebral blood flow well above that required for metabolic needs, with
flows reaching 4 times baseline. Although the majority of these patients suffer
no significant clinical consequences from reperfusion, a small portion (esti-
mated 1000 patients in the United States per year) develop severe clinical signs
and symptoms from cerebral hyperperfusion syndrome.

The reported incidence of clinically apparent cerebral hyperperfusion syn-
drome following CEA ranges from 0.04% to 1.2%, and mortality may be as high
as 36%. Cerebral hyperperfusion syndrome is not limited to the post-CEA pa-
tient. This syndrome may follow stroke, head injuries, and excision of cerebral
arteriovenous malformations; it has also been described after carotid angio-
plasty and stenting. Clinical symptoms and signs include severe ipsilateral
headache, seizures, intracranial hemorrhage, and death. Symptoms usually de-
velop within the first 2 weeks postoperatively, with a median of about 3 days.
Risk factors that have been described include high-grade carotid stenosis, preop-
erative and postoperative hypertension, contralateral carotid occlusions, prior
cerebral infarcts, use of anticoagulant and antiplatelet agents, and recent con-
tralateral CEA. However, identification of patients who will proceed to compli-
cations of cerebral hyperperfusion syndrome remains largely unpredictable.

The pathophysiology of this syndrome probably relates to reactive hyper-
emia, which leads to cerebral edema and hemorrhage. It shares physiologic fea-
tures with other reactive hyperemia syndromes, such as ischemia/reperfusion of
an ischemic limb, heart, or bowel.

Close monitoring of perioperative blood pressure, and intervention if indi-
cated, is advocated to prevent cerebral hyperperfusion syndrome, even though
normotensive patients have developed fatal cerebral bleeding. Intraoperative
surgical techniques to reduce blood pressure instability, including minimization
of surgical dissection between the origins of the internal and external carotid ar-
teries, may avoid damage to the carotid baroreceptor nerves. Similarly, routine
use of lidocaine local anesthetic at the carotid sinus (to blunt autonomic stimu-
lation as the carotid plaque is removed and the bulb re-perfused) may block
endogenous pathways that regulate blood pressure and heart rate in the early
postoperative period. Because many patients stay in the hospital for only very
limited time periods after routine CEA, discharge instructions must emphasize
both blood pressure monitoring and control as an outpatient, and immediate
medical attention for severe ipsilateral headache. In patients who exhibit early
symptoms of cerebral hyperperfusion, the avoidance of antiplatelet and anti-
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coagulant agents has also been advocated, as well as measures to avoid cere-
bral edema. Rarely, selected patients respond to intracranial decompressive
procedures.

Suggested Readings
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Presentation

A 65-year-old Caucasian man is 45 minutes following a right carotid endarterec-
tomy (CEA), and is now in the recovery room. The patient underwent a CEA for
a symptomatic right internal carotid stenosis measuring 86% on preoperative
cerebral angiography, with the contralateral side measured as a 35% stenosis.
The patient was receiving aspirin preoperatively. The operation was performed
under regional anesthesia without the use of a shunt, and the carotid artery was
closed with the use of a bovine pericardial patch. Initial intraoperative duplex
ultrasound scan at the completion of the endarterectomy showed an intimal
flap at the distal extent of the endarterectomy site requiring reopening of the
artery and placement of several tacking stitches. Completion duplex ultrasound
scan after this repair showed no apparent defects. The patient had no hemody-
namic instability during the perioperative period and has demonstrated a
normal neurologic exam until this point. Now, 45 minutes after arrival in the
recovery room, the patient develops a left-sided hemiparesis involving his upper
and lower extremities. In addition, he is now unable to respond to verbal
commands. 

Differential Diagnosis

The diagnosis with this clinical scenario is clear. This patient has signs and
symptoms consistent with an acute stroke after CEA. The diagnostic dilemma
involves the etiology for this stroke. The differential for the cause of an ipsilat-
eral acute stroke after CEA includes: (1) intracerebral hemorrhage; (2) watershed
infarction; (3) hypoperfusion intraoperatively or postoperatively; (4) hyperper-
fusion; (5) embolization of atheromatous plaque or thrombus occurring intra-
operatively; (6) embolization occurring postoperatively with or without a tech-
nical defect at the endarterectomy site (embolic material could be atheromatous
plaque, thrombus, or platelet aggregation); (7) thrombosis of the endarterec-
tomy site with or without a technical defect; (8) heparin-induced thrombocy-
topenia; (9) kink in the artery resulting in low flow; and (10) embolization from
a site other than the carotid bifurcation.

Diagnostic Tests 

Given that he had a lucent period in the immediate postoperative period and
had a completion duplex ultrasound scan that showed no defect, this patient
would be best served by simultaneously preparing the operating room for re-
exploration and obtaining a duplex scan of the carotid artery to determine
patency.
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� Duplex Ultrasound Scan
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Figure 8-1A

Figure 8-1B

Duplex Ultrasound Scan Report

Duplex ultrasound scan shows an acutely thrombosed internal carotid artery
(Fig. 8-1A) with Doppler waveform signal indicating no flow (Fig. 8-1B).

Diagnosis and Recommendation

The patient has an acute stroke secondary to a thrombosed internal carotid
artery endarterectomy site, most likely due to fibrin and platelet adhesion to the
endarterectomized surface. Given the thrombosed artery and the short period of
time (less than 2 hours) since the CEA, the patient needs emergent re-explo-
ration of the carotid artery. Although the addition of a duplex scan in this situa-
tion is somewhat controversial, one of the cornerstones of diagnosis and treat-
ment for an acute stroke after CEA is to determine patency of the artery. With a
normal intraoperative duplex scan and a lucent period postoperatively, a duplex
scan is recommended. In most hospital settings, this will not delay the required
re-exploration, given the portability of the duplex machine and the time re-
quired to prepare an operating room. In this situation, the internal carotid



artery was thrombosed and re-exploration is indicated. However, had the du-
plex showed a patent artery with no defects, then exploration could prove to be
harmful. In that circumstance, rather than an operation, the patient would re-
quire a computed tomographic (CT) scan of the head and possible cerebral arte-
riography (see Discussion).

Case Continued

By the time the duplex is completed, the operating room is ready and the pa-
tient is taken for re-exploration. 

Discussion
Once the carotid artery is found to be thrombosed, the patient is given systemic
heparin at 100 U/kg IV bolus. In the operating room, the patient can be re-ex-
plored under the original regional anesthetic block if the time interval between
cervical block and re-exploration is short and if the patient is cooperative. Oth-
erwise, a general anesthetic is administered. The neck incision is opened and the
carotid artery is exposed, and the thrombosed artery is confirmed by visual in-
spection and/or hand-held Doppler. In addition, any kinks or other abnormali-
ties are identified and inspected. The common carotid and external carotid ar-
teries are controlled with vascular clamps, and the arteriotomy is opened; note
that no attempt is made to clamp the distal internal carotid artery at this time.
Upon opening the artery, the thrombus is removed and the internal carotid is
allowed to back bleed into the field; if no back bleeding is observed and there
appears to be thrombus extending distally, an embolectomy catheter can be
used to gently remove distal clot. Care must be taken to avoid creating a cav-
ernous sinus fistula. Once the thrombus is removed, the endarterectomized sur-
face is inspected for defects. If any defects are identified, they are repaired by ei-
ther removal of residual plaque or tacking of any intimal flaps. Alternatively,
upon opening the artery, platelet aggregation may be identified. Rather than
frank thrombus, a defect site may be noted. This should be removed and the de-
fect repaired.

� Surgical Approach

The patient undergoes general endotracheal anesthesia, and at exploration the
carotid artery is found to be thrombosed. The clot is removed from the distal in-
ternal carotid as well as at the endarterectomy site. No obvious defect can be
identified. Therefore, an interposition saphenous vein graft is used to replace
the proximal internal carotid artery. Low-molecular-weight dextran is started as
a continuous drip. Intraoperative duplex ultrasound scan shows a widely patent
interposition graft with no defects. 

Case Continued

The patient awakes from anesthesia with a mild left upper extremity weakness
as his only neurologic defect. The patient is placed on an additional antiplatelet
agent along with aspirin. Physical and occupational therapy are initiated, and
the patient is eventually sent home to continue his rehabilitation. 
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� Surgical Approach Continued

In this particular case, since no technical defect was observed, the presumed eti-
ology of the thrombosis is fibrin and platelet aggregation and adhesion to the
endarterectomized surface. If this is not replaced, the chance of re-thrombosis is
high. Therefore, a portion of greater saphenous vein was harvested from the
thigh and used as an interposition graft. It is important to initiate pharmaco-
logic antiplatelet therapy both intraoperatively with dextran as well as postoper-
atively, with another oral antiplatelet agent in addition to aspirin. The neck is
then closed; the patient is awakened from the general anesthetic, and is contin-
ued on dextran for 24 hours and antiplatelet agents. Care is taken to avoid hy-
potension in the postoperative period. 

Discussion
Carotid endarterectomy has proven to be a beneficial and safe treatment for the
prevention of strokes in patients with symptomatic and asymptomatic extracra-
nial carotid artery atherosclerotic occlusive disease. However, acute stroke in the
immediate postoperative period remains a recognized complication with centers
of excellence reporting a stroke rate in the 1% to 2% range. The management of
postoperative stroke after CEA is an area where controversies still exist. Disagree-
ment remains regarding the severity of the deficit that requires re-operation. Ar-
eas of disagreement include the role of noninvasive testing and angiography
and the window of opportunity when re-operation should be accomplished. To
maximize the treatment benefit with this complication, it is imperative to have
a clear, well-planned algorithm for a patient who sustains a stroke after CEA, so
that action can be undertaken in a timely fashion once the diagnosis is made.
This involves a clear understanding of the potential etiological mechanisms of
this complication.

Not all strokes after CEA are the same; the timing of the stroke plays a large
role in determining etiology and potential treatment options. A patient who un-
dergoes a CEA under general anesthesia and awakens with a neurologic deficit
has most likely sustained either an intraoperative hypoperfusion injury or an
embolic event secondary to clamping or shunt placement. Upon awakening and
identification of the deficit, an interrogation of the carotid artery with duplex to
assess patency should be undertaken because the artery will most likely be
found to be without thrombus. Re-operation is not recommended due to the
potential of extending the ischemic area in the brain with any further clamping
of the carotid artery. For the most part, these are locally uncorrectable situations
with the likelihood of recovery being poor. Thus, the patient should be consid-
ered for a head CT scan and possibly cerebral arteriography with lytic salvage of
any thrombosed intracerebral vessels.

In another scenario, a patient may develop a neurologic deficit 1 to 2 days
after undergoing a CEA. In this situation, the probable cause is a cerebral hem-
orrhage and/or edema secondary to hyperperfusion. Hyperperfusion occurs in
patients after repair of a high-grade carotid artery stenosis, or in patients who
present with severe bilateral stenosis. The symptom complex consists of hyper-
tension, headache, and seizures. Diagnosis is accomplished by CT scan or mag-
netic resonance imaging (MRI) of the head. Treatment is blood pressure and
seizure control. 

More commonly, a patient has a lucent period of normal neurologic status
after CEA, whether performed under general or regional anesthesia, followed
by a stroke in the immediate postoperative period. The most common cause
of such a post-CEA stroke is related to a technical error that results in postopera-
tive thromboembolism. In a comprehensive review of 3062 consecutive CEA
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procedures, Riles et al. found that symptomatic carotid artery thrombosis oc-
curred in 0.8% of patients, but caused 40% of the postoperative strokes. These
defects could serve as a point of platelet aggregation and/or initiate thrombus
formation. Thromboembolism can occur secondary to errors or defect at the op-
erative site such as an intimal flap, irregularities at the suture lines, a kink
caused by elongation after endarterectomy, intramural hematoma, constricting
suture line, clamp injury, ledges at the end of the endarterectomy, and/or a
rough endarterectomy surface. The cause of the neurologic deficit is usually not
due to obstruction of blood flow or ischemia by the thrombus, but rather from
embolization of thrombus material as it was forming within the artery, or from
embolization originating at the distal extent of the thrombus. In addition, these
defects can be the nidus for platelet aggregation, which can also embolize dis-
tally. These technical errors can and should be corrected; there is conclusive evi-
dence to recommend decisive surgical management in the treatment of post-
CEA thrombosis. If corrected in a timely fashion (1 to 2 hours), there is a high
likelihood of significant neurologic recovery. Repair after this time, however,
may convert a bland ischemic infarction into a hemorrhagic infarct. Any deci-
sion not to perform a re-operation in the presence of a delayed neurologic event
should be supported by a study demonstrating a patent internal carotid artery
without technical defects. If uncorrected, embolic events could continue to oc-
cur, or the artery may progress to complete thrombosis and occlusion. If already
thrombosed, restoration of flow to limit ischemia may prove to be beneficial.
Rockman et al. showed that in 18 re-explorations performed for an early neuro-
logic deficit, 83.3% clearly showed signs of thrombus or platelet aggregation.
Nearly 70% of patients re-explored had either complete resolution of or signifi-
cant improvement in the deficit that had been present. No patient’s condition
was worsened by re-exploration. 

At exploration, thrombus is removed from the endarterectomy site as well as
the distal internal carotid artery, if present; at this stage, some authors suggest
an intraoperative cerebral angiogram for identification of intracerebral throm-
boemboli. If these are identified, catheter-directed intraoperative lytic therapy
could be initiated with good results. After these steps, the cause of the thrombo-
sis must be sought. When these defects are identified, a decision must be made
regarding the type of repair; if an obvious defect is detected and appears to be
the cause of the thromboembolism, or platelet aggregation, local repair with
tacking sutures or removal of residual plaque is indicated. If no obvious defect is
detected, and platelet fibrin deposition is the presumed etiology, consideration
must be given to replacing the proximal internal carotid artery with an interpo-
sition saphenous vein graft. In either situation, postoperative antiplatelet ther-
apy with high-molecular-weight dextran and/or another oral antiplatelet agent
is recommended. 
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Presentation

A 61-year-old man with a history of bilateral carotid endarterectomies
(CEAs), hypertension, and coronary artery disease presents to your office for
follow-up. His most recent CEA was performed on the left side 6 months ago.
The right CEA was performed 2 years ago. He remains asymptomatic. Physical
examination is notable for a left-sided cervical bruit. You request a carotid
duplex study.

Carotid Duplex Ultrasound Scan Report

Right common carotid artery (CCA): occluded.
Right internal carotid artery (ICA): occluded. 
Left common carotid artery velocities: 78/29 cm/sec (1% to 15% stenosis). 
Left internal carotid artery velocities: 546/278 cm/sec (80% to 99% stenosis).

Differential Diagnosis

Recurrent carotid stenosis (RCS) has an incidence of 4% to 16% in patients eval-
uated with serial Doppler ultrasound studies following CEA. A stenosis identi-
fied within the immediate postoperative period is defined as residual stenosis and
represents incomplete endarterectomy rather than RCS. Myointimal hyperplasia
is usually discovered in patients experiencing recurrence within the first 3 post-
operative years, whereas late RCS is more often due to recurrent atherosclerosis.

In symptomatic patients, the differential diagnosis for stroke or transient is-
chemic attack (TIA) symptoms following carotid endarterectomy includes recur-
rent carotid stenosis, new-onset atrial fibrillation (or other cardiac sources of
embolic disease), vasculitis, and lacunar infarction.

Discussion
A new cervical bruit that develops in an asymptomatic patient after CEA should
be evaluated by duplex ultrasound for recurrent carotid stenosis. Patients under-
going CEA should have routine follow-up with duplex ultrasonography. Patients
without significant hemodynamic abnormality on initial duplex during the first
6 postoperative months should have the study repeated in 6 months, and there-
after on a yearly basis. Studies demonstrating stenosis greater than 50% should
be repeated every 6 months, or sooner if symptoms occur. As many as 50% of
patients undergoing reoperation for RCS have an asymptomatic, high-grade le-
sion that was discovered through duplex ultrasound screening. Patch angio-
plasty closure of the arteriotomy at the time of primary CEA has been shown to
reduce the risk of developing RCS.
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Case Continued

The patient is scheduled for arteriography to further evaluate the ICA stenosis
noted on duplex.

� Arteriogram
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Figure 9-1 Left carotid arteriogram,
preoperative.

Arteriogram Report

Left CCA: 30% stenosis located at the origin, which is smooth in appearance. 
Left ICA: 80% restenosis 2 cm in length. 
Right CCA: occluded.
Right ICA: occluded.

Diagnosis and Recommendation

Recurrent carotid stenosis (RCS), asymptomatic, with contralateral ICA occlu-
sion. This patient is offered a redo left CEA with patch angioplasty. Complica-
tions that are discussed with the patient include stroke, myocardial infarction,
cranial nerve injury, bleeding, infection, and death.

Discussion
The severity of the stenosis, interval since CEA, medical condition of the pa-
tient, status of the contralateral carotid, and presence or absence of symptoms



are the key considerations when contemplating operative versus medical man-
agement of RCS. Asymptomatic, low-grade, or intermediate-grade lesions may
be managed with antiplatelet therapy and followed up with serial duplex stud-
ies. The smooth luminal surface associated with myointimal hyperplasia is
thought to pose a lower relative risk for embolization than atherosclerotic le-
sions, and regression of early recurrent lesions has been reported; some authors
therefore recommend a higher threshold for operative management of asympto-
matic lesions occurring within the first 2 postoperative years. Operative man-
agement should be considered for high-grade (greater than 80%) or sympto-
matic lesions, especially those associated with contralateral carotid occlusion.
Preoperative angiography plays an essential role in characterizing the recurrent
stenotic lesion, and this anatomic data must be considered in combination with
the history and comorbid conditions of the individual patient when selecting the
best method of intervention.

Redo CEA with patch angioplasty is the most commonly employed opera-
tive intervention for RCS. Small artery size, female sex, continued tobacco
abuse, and hyperlipidemia are other identified risk factors for RCS that have
been demonstrated less consistently. Although most reported combined stroke-
mortality rates for redo CEA approximate those for primary CEA (3% to 5%), it
is commonly accepted that redo CEA carries a higher risk for cranial nerve in-
jury (7% to 20%). Repeat dissection frequently necessitates longer operative
time, and should therefore be accompanied by routine use of interoperative
shunting. Patch angioplasty should be the method of arteriotomy closure when-
ever possible to reduce the risk for further recurrence. 

Carotid angioplasty and stenting has been increasingly employed as a thera-
peutic modality for early RCS, where myointimal hyperplasia is the most com-
mon pathologic finding. Angioplasty and stenting is often performed under lo-
cal anesthesia with little or no sedation, making it an alternative for patients
whose operative risk is thought to be too great for general anesthesia. Bradycar-
dia during balloon inflation and femoral pseudoaneurysm formation are poten-
tial complications unique to angioplasty and stenting. However, this procedure
carries no risk for cranial nerve injury, and therefore may be a more appropriate
option for patients with a history of cranial nerve injury, neck irradiation, radi-
cal neck dissection, permanent tracheostomy, limited cervical spine mobility, or
other conditions that might predispose to an extraordinarily difficult dissection.
Although some centers have suggested short-term death and morbidity rates for
carotid angioplasty and stenting that are comparable to redo CEA or carotid re-
construction, the long-term durability of this procedure remains unknown. Tra-
ditionally, angioplasty and stenting has not been employed for late RCS, where
recurrent atherosclerotic disease is the most common etiology, or for lesions
with ulceration, free-floating thrombus, or tortuous arterial anatomy. It remains
to be seen whether the emergence of carotid protection devices will expand the
application of endovascular management to include these lesions with greater
risk for embolic complications. At present, carotid angioplasty and stenting
should be considered for patients with early RCS whose risk for redo CEA or
other open repair is unacceptably high. 

� Operative Approach

Redo CEA or carotid reconstruction should be performed through a vertical inci-
sion parallel to the anterior sternocleidomastoid, in an approach similar to that
employed for primary CEA. Dissection is carried directly through the plane of
scar tissue from the previous operation, with lateral reflection of the sternoclei-
domastoid. Patch angioplasty should be combined with redo endarterectomy
whenever possible, and temporary intraoperative shunting should be employed
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routinely. If redo CEA with patch angioplasty is not possible, several other op-
tions exist. Carotid reconstruction with synthetic or saphenous vein graft has
been performed in up to 50% of patients undergoing RCS operation in some se-
ries, while patch angioplasty alone has been reported with good results in pa-
tients with myointimal hyperplasia where endarterectomy is not possible.

Carotid stenting should be performed under local anesthesia; intravenous
sedation is infrequently required and should be minimized because it may inter-
fere with intraoperative neurologic assessment. Femoral or direct CCA puncture
(in the case of aortoiliac occlusive disease) may be used for access. Balloon infla-
tion during angioplasty is sometimes associated with symptomatic bradycardia,
warranting placement or immediate availability of a transvenous pacemaker de-
vice during the procedure.

� Surgical Approach

The patient is taken to the operating room, where general anesthesia is estab-
lished and an incision through his existing scar is made and extended cephalad.
After lateral reflection of the sternocleidomastoid and internal jugular vein, the
common carotid is exposed inferiorly and circumferential control is established.
The distal ICA is dissected and redo endarterectomy with polytetrafluoroethyl-
ene patch angioplasty is performed. Intraoperative Doppler ultrasound at the
conclusion of the procedure is without evidence of residual stenosis. A percuta-
neous drain is placed at the conclusion of the procedure through a separate stab
incision. 

Case Continued

The patient is discharged from the hospital on the first postoperative day on as-
pirin antiplatelet therapy. Postoperative carotid duplex performed one month
later shows no evidence of restenosis.
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Presentation

An 82-year-old right-handed man with hypertension, hypercholesterolemia,
history of tobacco use, and coronary artery disease presented with several
episodes of amaurosis fugax. He denied other focal symptoms and had no prior
stroke. On examination, he had a right carotid bruit. Neurologic examination
was unremarkable. A Duplex study from 2 years ago demonstrated an occluded
right internal carotid artery (ICA).

Carotid Duplex Report

Normal right common carotid artery (CCA). Occluded right ICA with severe
stenosis of the right external carotid artery (ECA). Left carotid system with mild
plaque in both the ECA and ICA. Vertebral arteries are patent, with antegrade
flow.

Head CT Scan Report

No evidence for intracranial hemorrhage. Global atrophy with no infarct.

Differential Diagnosis

The differential diagnosis for amaurosis fugax focuses on atheroembolism from
the heart to the area of brain involved. Although an atherosclerotic plaque may
reside in the aortic arch and great vessels, it primarily develops at the carotid bi-
furcation and usually involves the ICA origin. However, in the setting of an oc-
cluded ICA, emboli may be released from the ICA stump or from disease in the
ECA. Cardiac thrombus, especially in individuals with atrial fibrillation, valvular
heart disease, or ascending aortic disease, has the potential for distal emboliza-
tion but this is not usually associated with retinal artery events.

Recommendation

Obtain magnetic resonance versus contrast arteriography of the aortic arch and
four great vessels. Perform cardiac evaluation, including transesophageal
echocardiography.
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� Arch and Four-Vessel Contrast Arteriogram
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Arteriogram Report

Anteroposterior contrast arteriogram of the right CCA demonstrates ICA occlu-
sion and a stenotic, irregular ECA. Straight lateral contrast arteriogram of the
right carotid artery demonstrates ICA occlusion and a stenotic, irregular ECA.

� Transesophageal Echocardiogram

Findings: left ventricular ejection fraction of 50%, mild mitral regurgitation,
normal ascending aorta, and no atrial or ventricular thrombus.

Diagnosis and Recommendation

From these data, the most likely source of emboli is the stenotic ECA. The ICA
stump was occluded on Duplex evaluation 2 years ago, and is therefore less
likely the etiology. Recommendation was made for ICA ligation and ECA en-
darterectomy with patch closure.

� Surgical Approach

The carotid artery is exposed through a longitudinal neck incision. The ICA is
suture ligated. A CCA and ECA endarterectomy with patch closure is performed.

Case Continued

The patient underwent endarterectomy with polytetrafluoroethylene (PTFE)
patch angioplasty. An ulcerated plaque was found at the origin of the ECA.

Figure 10-1 Figure 10-2



There were no neurologic sequelae and the patient has remained asymptomatic
in 2-year follow-up.

Discussion
A newer alternative recently described by Naylor et al. involves an endovascular
approach with a wall graft to exclude the ICA stump and proximal ECA disease.
Validation of this technique by others is required.
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Presentation

A 65-year-old woman with diabetes mellitus, hypercholesterolemia, active
tobacco abuse, and coronary artery bypass graft (CABG) surgery 5 years ear-
lier now presents to the hospital with syncope and chest pain and is ad-
mitted for unstable angina pectoralis. Biochemically, she is diagnosed with
an acute myocardial infarction. A cardiac catheterization shows occlusion of
2 saphenous vein grafts, diffuse severe stenosis of another saphenous graft,
and a widely patent left internal thoracic artery graft. Additionally, 90% stenosis
of the proximal left subclavian artery, severe left-ventricular systolic dysfunction
with mitral regurgitation, and an ejection fraction of 20% are noted.

Differential Diagnosis

The differential diagnosis for her syncope includes stroke, vertebrobasilar insuf-
ficiency, cardiogenic shock or other hypotensive states, epileptic seizure, and
metabolic disorders. The predominant cause of her myocardial infarction would
be a rupture of an atherosclerotic plaque with subsequent spasm and/or in-
travascular thrombus formation. Other cardiac causes include ventricular hyper-
trophy, emboli to coronary arteries, coronary artery vasospasm, arteritis, and
low-flow states, such as hypotension. 

Case Continued

Upon further questioning, she denies any symptoms consistent with hemi-
spheric stroke, transient ischemic attack (TIA), or amaurosis fugax. She has been
physically inactive and denies effort-related pain in the left arm. On physical
examination, her right brachial artery blood pressure is 124/80 mm Hg and the
left side is 79/58 mm Hg. Heart rate is 66 beats per minute and regular; no mur-
murs are detected. A bruit is heard in the left side of the neck, and the bilateral
carotid pulses are normal. She has easily palpable right brachial and radial
pulses; however, the left arm pulses are nonpalpable. 

CT Scan Report

A computed tomographic (CT) scan of the head shows mild atrophy with no ev-
idence of ischemic or hemorrhagic stroke. 
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Duplex Ultrasound Scan Report

A carotid duplex ultrasound demonstrates 50% to 70% stenosis of the left inter-
nal carotid artery. Only mild stenosis less than 30% luminal narrowing is pre-
sent in the right carotid artery. Vertebral flow is antegrade bilaterally. 

� Angiogram
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Figure 11-1

Figure 11-2 Figure 11-3 

� Duplex Ultrasound Scan

Angiogram Report 

The arch aortogram (see Fig. 11-2) shows moderate stenosis of both the proxi-
mal brachiocephalic artery (closed arrow), as well as the proximal left subclavian
artery (open arrow). Selective catheterization of the left subclavian artery (see Fig.
11-3) shows greater than 95% stenosis of the left subclavian artery just proximal
to the takeoff of the left vertebral artery (white arrow). 



� Angiogram Continued
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Figure 11-5

Figure 11-4

Angiogram Report 

With delay in the contrast injection, the left internal thoracic artery (see Fig. 11-
4) is seen coursing toward the heart (curved arrow). Selective injection into the
left common carotid artery (see Fig. 11-5) also shows significant plaque at the
carotid bifurcation compromising both the internal and external carotid
arteries. 

Diagnosis and Recommendation

Probable coronary subclavian steal syndrome with possible vertebrobasilar in-
sufficiency. Although this patient’s symptoms are not related to exertion of the
left arm to produce a “classic” steal syndrome, she has critical stenosis of the



proximal left subclavian artery, placing her myocardium at ischemic risk via the
internal thoracic artery graft.

Because of her recent myocardial infarction and weakened heart, as well as
moderate stenosis of the left carotid bifurcation, she is offered a left carotid-sub-
clavian artery bypass with concomitant carotid endarterectomy under regional
anesthesia.

� Surgical Approach

The operation is performed through 2 incisions. A transverse incision is made
superior and parallel to the clavicle. The scalene fat pad is elevated and care
taken to preserve the phrenic nerve, as well as to avoid injuring the thoracic
duct. After dividing the scalenus anticus from the first rib, the subclavian artery
is dissected just distal to the vertebral and internal thoracic arteries. 

The second incision is longitudinal along the anterior border of the stern-
ocleidomastoid muscle for standard exposure of the carotid bifurcation. A tun-
nel is then bluntly developed between the two incisions underneath the stern-
ocleidomastoid muscle, but anterior to the internal jugular vein.

Following systemic heparinization, proximal and distal control of the sub-
clavian artery is obtained and a 6-mm expanded polytetrafluoroethylene
(ePTFE) graft is anastomosed in an end-to-side fashion. After restoring flow to
the subclavian artery, the carotid vessels are clamped and a standard endarterec-
tomy is performed. The graft is then sewn to the carotid arteriotomy, also in an
end-to-side manner, thus acting as a patch angioplasty for the closure. 

Prior to completion of the carotid anastomosis, the vessels and graft are
flushed of debris and air. Intraoperative continuous wave Doppler ultrasonogra-
phy confirms adequacy of the revascularization.

Case Continued

The patient is neurologically intact, and is discharged home the next day. She is
seen for an office follow-up 3 weeks later. Blood pressure in each arm is 150/82
mm Hg, and she has palpable pulses in the left brachial and radial arteries. A du-
plex ultrasound at that time and then 6 months later finds no restenosis of the
carotid artery and a widely patent carotid-subclavian bypass. Although she has
no further cardiac problems, she continues to smoke.

Discussion
Compared to the lower extremities, atherosclerotic occlusive disease of the up-
per extremities is relatively rare. The left subclavian artery is the most common
aortic arch branch affected by atherosclerosis, which is possibly due to a more
acute angle of origin of this vessel producing turbulence. Other occasional
causes of stenosis or occlusion include Takayasu’s arteritis, acute or chronic aor-
tic dissection, external compression by tumor of the thoracic outlet, and em-
bolism.

Most patients with significant arterial occlusive disease in the proximal sub-
clavian artery are asymptomatic. This may only be recognized by a discrepancy
of more than 25 mm Hg in the bilateral brachial artery systolic pressures. Be-
cause the vertebral and internal thoracic arteries are major branches of the prox-
imal subclavian artery, they may serve as collateral vessels to provide more distal
flow to the arm. Reversed flow through these arteries can be seen on duplex ul-
trasound or angiographically. More often than not, patients still remain asymp-
tomatic even in the setting of this reversed flow.
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Classic subclavian steal syndrome refers to neurologic symptoms of cerebral
ischemia that are initiated by ipsilateral arm exercise. This may clinically mani-
fest as posterior cerebral symptoms such as episodic syncope, diplopia, vertigo,
and ataxia from a hemodynamic reduction in vertebrobasilar flow. However,
even anterior and middle cerebral hemispheric symptoms can occur if con-
comitant carotid disease or inadequate collaterals from the circle of Willis are
present.

Coronary subclavian steal syndrome (CSSS) refers to reversed flow from an
in situ internal thoracic-coronary bypass, thereby producing symptoms of car-
diac ischemia. Even more rare than vertebral subclavian steal syndrome, CSSS
has only been reported on the left side of the body. Early onset of symptoms
within 4 months of CABG is usually due to a preexisting hemodynamically sig-
nificant lesion of the subclavian artery. Late onset disease, such as reported here,
is often due to atherosclerotic disease of the proximal subclavian artery. The ap-
proach to therapy for subclavian steal syndromes varies with the clinical setting.
Risk factor modification (smoking cessation and control of hypertension, dia-
betes, and hyperlipidemia) is essential. Patients are also educated about prevent-
ing injury and reducing exercise of the affected arm. Invasive treatment of sub-
clavian steal syndromes is necessary for patients with symptoms such as stroke
or TIA, vertebrobasilar insufficiency, myocardial ischemia, incapacitating arm
claudication, or limb ischemia at rest. 

When indicated, the treatment of choice is percutaneous transluminal an-
gioplasty (PTA) and/or stent placement of the subclavian lesion. Although
PTA/stent can be effective in restoring stenotic vessels to normal diameter or
even re-establishing a lumen to occluded segments, this intervention is con-
traindicated when the subclavian lesion is too close to the origin of the vertebral
(or internal thoracic) artery, as was the case in our patient. The long-term effi-
cacy of percutaneous treatment in the subclavian vessel has not been fully
established. Extra-anatomic revascularization is the most frequent form of surgi-
cal correction. Direct endarterectomy of the subclavian artery should be aban-
doned due to the fragility of the vessel. A carotid-subclavian bypass is generally
performed with ePTFE conduit, because this prosthetic material has a reported
better patency rate than saphenous vein graft (likely due to fewer problems with
kinking). A carotid endarterectomy should be done simultaneously for hemody-
namically significant stenosis of the carotid bifurcation. Overall patency of 95%
at one year and 73% at 5 years has been reported for carotid-subclavian bypass.
Alternative revascularization options include axillary-axillary artery bypass, and
transposition of the subclavian artery onto the side of the carotid artery.
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Presentation

A 59-year-old man complains of bilateral arm pain, numbness, tingling, and dif-
ficulty using both arms. He has numerous medical problems, including periph-
eral vascular disease. His recent medical history is significant for implantation of
an iliac artery stent. Past medical history includes coronary artery disease,
chronic obstructive pulmonary disease, and resection of a bladder tumor. He has
been a heavy smoker for much of his life. Interestingly, he denies any history of
stroke, transient ischemic attack, or amaurosis fugax. On physical examination,
blood pressure in the right arm is 70/42 mm Hg, and in the left arm is 72/45
mm Hg. He has no palpable arm pulses. The brachial, ulnar, and radial pulses
are obtained using a handheld Doppler probe.

Differential Diagnosis

The differential diagnosis of bilateral arm pain, numbness, and tingling includes
neurologic-stroke (TIA), degenerative joint or musculoskeletal disease, atypical
chest pain from a cardiac origin, and vascular-ischemic claudication from supra-
aortic occlusive disease.

CT Scan Report

A CT scan of the head revealed no evidence of a stroke.

� Coronary Angiogram With Arch Arteriogram
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Angiogram Results

Severe aortic arch atherosclerosis with 80% stenosis of the innominate artery is
noted. The right subclavian artery is occluded distal to the vertebral artery.
There is moderate stenosis of the origin of the right vertebral artery. Bilateral
carotid bifurcation disease is identified, as well as stenosis of the right internal
carotid artery. The left subclavian artery is occluded. Also seen is critical stenosis
of multiple coronary arteries, including the left anterior descending, the diago-
nal, and the right coronary artery.

Diagnosis and Recommendation

Significant brachiocephalic occlusion/stenosis of the innominate artery, the
right and left subclavian artery, and right internal carotid artery. In addition,
there is 3-vessel coronary disease. You plan a 3-vessel coronary artery bypass
grafting and brachiocephalic reconstruction through a median sternotomy.

Discussion
Reconstruction of the innominate artery was first described in the early 1950s.
Wylie and DeBakey then described large series in the subsequent two decades.
Most of these series included atherosclerotic disease of the brachiocephalic, sub-
clavian, and carotid arteries grouped together. Several recent reports detail surgi-
cal techniques specifically pertaining to the innominate artery.

The 3 general categories of surgical treatment for innominate artery athero-
sclerosis include endarterectomy, extra-anatomical bypass (cervical repair), and
transthoracic bypass. The goal of innominate artery reconstruction is primarily
to provide increased perfusion to the brain.

The majority of patients in the most series have undergone a transthoracic
approach via a median sternotomy. In a large series by Kieffer, 135 (91%) of the
148 patients had a median sternotomy, and the majority (78%) had a bypass
graft originating from the ascending aorta. Endarterectomy was performed in
22%, often using Wylie’s technique, which involves clamping the transverse
aortic arch. Others had an open endarterectomy of the arch and supra-aortic
vessels on cardiopulmonary bypass. The remainder had endarterectomy using
the cervical approach. The authors noted that a significant number of patients
had innominate artery reconstruction combined with carotid endarterectomy
and coronary artery bypass grafting.

Another series by Berguer advocates treating patients based on their individ-
ual cardiopulmonary risk and the anatomic location of the atherosclerotic le-
sion. Patients with significant cardiopulmonary risk or a history of mediastinal
operation are preferentially treated with cervical operations. Cervical or extra-
anatomic procedures include axillo-axillary bypass, carotid-carotid bypass, and
a crossover graft such as left subclavian to right carotid bypass. Also in this cate-
gory is carotid or subclavian transposition. In contrast, the transthoracic tech-
nique is preferred for complex arch reconstructions.

With regard to cervical repairs, prosthetic grafts have been shown to be su-
perior to vein grafts. This is perhaps because of a near perfect size match, and
the fact that the vein graft can be compressed during neck motion. An interest-
ing technical note is that a crossover bypass graft can be placed in the retroe-
sophageal space, which shortens the graft length significantly and is less appar-
ent to the patient in the subcutaneous tissues of the neck.

Transthoracic repair of innominate artery atherosclerotic lesions can be
performed with an endarterectomy or bypass procedure. The technique of
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endarterectomy includes clamping the aortic arch near the origin of the innom-
inate while avoiding the left common carotid artery. It is often difficult to ter-
minate the endarterectomy at the aortic wall, and tacking sutures often are
needed. This technique is most appropriate for focal, isolated innominate le-
sions, which are uncommon. Transthoracic repair begins with a sternotomy and
can include neck incision or clavicular incisions, depending on the lesion com-
plex. Some have advocated a mini or partial upper sternotomy. The proximal
end of a Teflon or Dacron graft is anastomosed to the aorta using a side-biting
clamp on the transverse arch. The distal component of the bypass graft can then
be anastomosed end to end to the innominate artery with oversewing of the
proximal stump. Alternatively, an end-to-side anastomosis can be performed
above the area of narrowing or occlusion. Most often, multiple distal vessels
need inflow. The important technical note is that one should generally not uti-
lize bifurcated grafts. Instead, additional side arms should be attached to the pri-
mary graft. This eliminates the problem of the complex bifurcated grafts taking
up too much space within the closed mediastinal space, leading to possible graft
compression. However, in selected cases where space permits, bifurcated grafts
can occasionally be used with excellent outcome. 

Operative mortality following surgical repair of the innominate artery for
occlusive disease ranges from 3% to 20%, depending on the series. However, re-
cent reports have mortality less than 5% for a large group of patients. The most
frequent complication after either type of repair is myocardial infarction, fol-
lowed by stroke. Other morbidity includes major postoperative bleeding, infec-
tion, and graft thrombosis. Ten-year overall survival of these patients approxi-
mates 50%, which is similar to the 10-year survival after many other vascular
procedures; most patients succumb to their underlying coronary artery disease.
Overall primary patency reported by Berguer et al. is 82% for cervical repairs
and 88% for transthoracic repairs. 

� Surgical Approach 

A standard right neck incision is made and the right carotid artery is exposed.
Attention is then turned to the sternotomy and the coronary bypass grafting.
After coronary revascularization, a large side-biting clamp is applied to the 
ascending aorta, so as not to interfere with the saphenous vein bypasses (Fig. 12-
2). An end-to-side anastomosis is performed with a 14 � 7-mm Dacron bifur-
cated graft using 3-0 monofilament suture in a running fashion. The short com-
mon graft trunk improves graft lie. The graft is then tunneled to the right neck.
The endarterectomy is performed and the distal limb of the graft is anastomosed
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circumferentially to the arteriotomy, through which the endarterectomy is per-
formed using 6-0 monofilament suture. 

Next, the left common carotid artery is exposed through a transverse cervi-
cal incision 2 cm above the clavicle. The area of the left common carotid artery,
which was by palpation disease free, is then prepared. After proximal and distal
control is obtained, a longitudinal arteriotomy is performed, and the anastomo-
sis is created between the left limb of the graft and the left common carotid, us-
ing 5-0 monofilament suture in a running manner. After completion of the bra-
chiocephalic reconstruction, the graft is covered with bovine pericardium, as
well as the native pericardium, and the chest is closed.

Case Continued

The patient recovers promptly and is discharged in excellent condition on the
fourth postoperative day. 

Recommendation

Future plans for this patient include extra-anatomic bypass of his carotid to sub-
clavian on both sides in a sequential manner. This will address his bilateral sub-
clavian stenoses, which are symptomatic.

Discussion
Percutaneous transluminal angioplasty (PTA) with stenting is an important al-
ternative to surgical reconstruction of the aortic arch. Endovascular techniques
have numerous perceived advantages over open surgical methods. These in-
clude the minimal invasive nature, lack of general anesthetic, easier patient ac-
ceptance, shorter intensive care unit and inpatient stay, and perhaps lower over-
all cost. The primary disadvantage is reduced patency rates. 

Upon review of the literature, no direct comparisons between open surgical
and endovascular therapies have been performed. However, several moderate-
sized case series are available. Sullivan et al. from the Cleveland Clinic reported
on endovascular treatment of supra-aortic lesions using PTA and stenting in 83
patients, including 7 innominate artery lesions. In this report, all innominate
lesion stents were initially successful. A list of complications in the overall series
includes access related (brachial hematoma, arteriovenous fistula, brachial
pseudoaneurysm, femoral pseudoaneurysm); embolic (brachial artery, left inter-
nal mammary); technical (covering the origin of the left vertebral, common
carotid artery dissection, stroke); and other (acute renal failure, congestive heart
failure, myocardial infarction). The authors state that it is technically easier to
access the innominate from the right brachial; however, brachial interventions
carry a higher risk of complication at the access site. The authors suggest “the
results, both initial and late, of various treatment options for atherosclerotic le-
sions of the supra-aortic trunks seem to favor surgical therapy, especially when
complete occlusions are included. The addition of intravascular stents seems to
have improved the results of balloon angioplasty alone, but prospective, ran-
domized comparisons are not available.” In addition, they suggest that short
stenoses of the innominate and subclavian arteries may be the most suitable for
endovascular repair, especially in patients at high risk for open repair. 

In 2002, Huttl et al. published the most extensive experience with innomi-
nate artery disease treated endovascularly using primary angioplasty without
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stenting. This study included 89 patients with 84 stenoses and 5 short occlu-
sions of the innominate artery, with surgery reserved for unsuccessful PTA or
long-segment innominate occlusion. The authors accessed the arterial system
through the femoral artery in most cases. Notably, until 1996, stents were un-
available in Hungary, where Huttl et al. performed their study. Therefore, be-
tween 1996 and 1999, only one PTA with a stent was performed in a patient
who had residual stenosis following PTA. Cumulative primary patency follow-
ing primary PTA of the innominate artery in this series was 98% at 6 months
and 93% between 16 and 117 months. Secondary patency was 100% at 6
months and 98% between 16 and 117 months. Of the patients in this study,
61% became symptomless, 32% improved, and 7% showed no improvement.
Only one stroke occurred in 89 patients. 

Despite these outstanding results, fear of cerebral embolization with the de-
velopment of a major stroke seems a logical concern. During angioplasty, em-
bolic particles can arise at virtually any step of the procedure. The balloon/stent
dilation appears to produce the greatest risk for embolization. Several authors
have described techniques to decrease the risk of cerebral embolization. The list
includes antiplatelet medications (aspirin, ticlopidine, or clopedigrel), careful
atraumatic technique, patient selection, stent implantation, and cerebral protec-
tion devices. As mentioned previously, only one stent was used in the Hungar-
ian experience without the use of cerebral protection devices. Overall, Huttl’s re-
port (as well as several earlier studies) shows a very low risk of embolization
during an innominate PTA, even without cerebral protection devices. Although
stenting has been shown to improve patency in most vascular beds, Huttl’s
long-term patency of 93% with PTA alone will be difficult to improve upon with
stenting.

In contradistinction to the Cleveland Clinic experience, Huttl et al. suma-
rized their experience with PTA of the innominate with stronger recommenda-
tions. “In this study we have confirmed in a large series (n = 89) of innominate
artery PTAs that it is a safe and effective procedure with an excellent initial suc-
cess rate, without any lethal complication, with a lower complication rate than
the surgical option and with similar long-term patency rate as for surgery. PTA
should be the treatment of choice in cases of symptomatic innominate artery
stenosis and a short occlusion (less than 1 cm in length); surgery is indicated if
PTA (and/or stent insertion) is unsuccessful or in the case of long occlusion.”

Endovascular therapies for lesions clearly have a role in the treatment of focal
lesions and high-risk patients. As surgeons become more facile with these tech-
niques and instrumentation is improved, endovascular therapy will likely take on
a more central role in the treatment of innominate artery occlusive disease.
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Presentation

A 33-year-old right-handed man presents to the emergency department with a
30-minute episode of difficulty finding his words, numbness and tingling on
the right side of his face and in his right arm, and mild weakness of his right
hand. These symptoms came on suddenly, then gradually resolved over the next
10 to 15 minutes; he was completely back to normal within a half hour. He has
no medical problems and takes no medications. He has never had an episode
like this previously. He was involved in a minor motor vehicle accident (MVA)
about 2 weeks earlier, in which he was a restrained passenger in a car that was
rear-ended. Other than some mild neck pain and headache since the accident,
he has had no other complaints and did not seek medical attention until today.
On physical examination, blood pressure in the right arm is 120/64 mm Hg.
Cardiac examination is normal, and no carotid bruits are auscultated. He has
some mild paraspinal muscle tenderness in the neck, especially on the left. Neu-
rologic exam is entirely normal. Blood chemistries are normal, as is a noncon-
trast computed tomography (CT) scan of the head (not shown).

Differential Diagnosis

The most serious cause of transient, focal neurologic symptoms is a transient is-
chemic attack (TIA), although the differential diagnosis for these symptoms is
extensive and includes partial complex seizure, complicated migraine, demyeli-
nating processes, and psychiatric conditions, such as panic attacks or conver-
sion disorder. Patient history, neurologic examination, and diagnostic work-up
can often help differentiate between these possibilities.

Discussion
As compared to elderly patients, in whom the etiology of stroke is most often
atherosclerotic, patients under the age of 40 with suspected TIA or stroke have a
much broader differential diagnosis. In addition to atherosclerosis, potential eti-
ologies for “stroke in the young” include nonatherosclerotic large artery disease
(arterial dissection, fibromuscular dysplasia, moyamoya disease, vasculitis, and
other vasculopathies); cardioembolism (bacterial endocarditis, intracardiac
shunt, rheumatic heart disease); hypercoaguable states (antiphospholipid anti-
body syndrome; sickle cell disease; disseminated intravascular coagulation;
thrombotic thrombocytopenic purpura; deficiencies of protein C, protein S, or
antithrombin III; factor V Leiden mutation and other gene mutations); sub-
stance abuse; migraine headache; pregnancy and puerperium-related causes;
and genetic syndromes. The specific etiology of stroke in the young remains un-
clear (cryptogenic) in up to 40% of patients, even after extensive evaluation. 
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Case Continued

In this young patient with symptoms suggestive of a TIA, no traditional vascular
risk factors, and history of recent MVA, suspicion for an arterial dissection as the
cause of his symptoms should be high. A head and neck magnetic resonance
imaging (MRI) scan and magnetic resonance arteriography (MRA) to assess the
patient for possible carotid dissection is ordered. 

� Head and Neck MRI and MRA
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Figure 13-2Figure 13-1

MRI and MRA Reports

An axial T1 MRI image of the neck demonstrates a left carotid artery dissection
with intramural hematoma (“crescent sign”), a pathognomonic finding for dissec-
tion. An MRA for the same patient again demonstrates the left internal carotid
artery (ICA) dissection with probable dissecting aneurysm (“pseudoaneurysm”). 

� Conventional Angiography

Figure 13-3



Conventional Angiography Report 

Conventional angiography done a few days later in the same patient demon-
strates the left ICA and clearly shows the dissecting aneurysm. 

Diagnosis and Recommendations

Left extracranial internal carotid artery dissection. The patient is started on in-
travenous heparin and warfarin with plans to continue systemic anticoagula-
tion (goal International Normalized Ratio [INR] 2.0 to 3.0) for 3 months; at that
time, imaging studies will be repeated to evaluate the need for continued anti-
coagulation. 

Discussion
Prior to the introduction of noninvasive neuroimaging, carotid artery dissection
was thought to be a relatively rare occurrence. However, with the advent of MRI
and other noninvasive modalities, dissection is being diagnosed in many pa-
tients who present with very mild or no neurologic symptoms, and is now rec-
ognized as the most common cause of stroke in those under the age of 40. 

Dissections usually arise from an intimal tear, which allows blood under ar-
terial pressure to enter the wall of the artery and form an intramural hematoma.
The blood dissects through the arterial media, sometimes emerging again in the
distal lumen and sometimes tracking outward into the adventitia to form a dis-
secting aneurysm, or pseudoaneurysm. 

Most dissections are involved with some type of trauma, although it may be
mild, such as turning the head while backing up a car. Even with careful history
taking, a provoking traumatic incident may not be identified in up to 50% of
cases, and these dissections are referred to as “spontaneous.” Dissections may
also be associated with various connective tissue disorders, such as Marfan’s syn-
drome, Ehlers-Danlos type IV, fibromuscular dysplasia, and cystic medial fibro-
sis. However, testing for a connective tissue disorder is not indicated in typical
spontaneous dissection, and is typically pursued only in patients with multiple
dissections or phenotypic suggestion of an underlying disorder. 

Pain in the head, neck, or face occurs at the moment of dissection in up to
80% of patients with dissection, and can be a major clue to the etiology of
stroke. An ipsilateral Horner’s syndrome (oculosympathetic palsy) is seen in
50% of cases, although it may be subtle and identified only if looked for
carefully. Rarely, carotid artery dissection may also be accompanied by other
cranial nerve palsies (IX, X, XI, and XII, with facial palsy and even ischemic
optic neuropathy very rarely reported). Stroke or TIA symptoms may appear at
the time of dissection, but typically occur days to weeks after dissection, and
are thought to result from thromboembolic events rather than hemodyna-
mic compromise.

Conventional angiography (CA) had long been the gold standard in the di-
agnosis of arterial dissections because it shows the arterial lumen and often
demonstrates the irregular, tapering appearance of the luminal stenosis seen in
dissection. However, pathognomonic features, such as a double lumen or inti-
mal flap, are seen in fewer than 10% of cases. Magnetic resonance angiography
(MRA) techniques are now rapidly replacing CA as the standard imaging modal-
ity to identify dissection. The resolution of MRA approaches that of CA; more-
over, MRA is noninvasive, decreasing the risk of complications for the patients.
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In addition, fat-suppressed MR axial images of the neck demonstrate intramural
hematoma, and MRI is superior in cases where luminal stenosis or occlusion is
nonspecific in appearance. CT angiography is also emerging as another nonin-
vasive imaging modality for dissection, but may be susceptible to the same
imaging pitfalls as CA and MRA when stenosis or occlusion has nonspecific ap-
pearance. Carotid ultrasound will often not show the site of dissection, but in
90% of cases an abnormal flow pattern will be seen. 

Systemic anticoagulation initially with intravenous heparin and then war-
farin (goal INR 2.0 to 3.0) for 3 to 6 months is usually advocated, presuming
that most neurologic complications arise from distal embolization from arterial
thrombosis sealing intimal tears. However, no randomized clinical trials have
ever been performed in patients with carotid dissection, and thus no evidence-
based data are available to support this practice. Therefore, antiplatelet therapy
with aspirin or similar agents may be an acceptable alternate treatment option,
especially in patients with contraindications to systemic anticoagulation and
those at high risk from systemic anticoagulation. Of note, several case series
have reported good results for patients with dissection treated with throm-
bolytic therapy within 3 hours of stroke onset, and therefore dissection in and
of itself should not be considered a contraindication for thrombolytic treatment
for acute ischemic stroke.

Given the current lack of data, a reasonable strategy would be to manage
dissection patients with warfarin for 3 months and then repeat MRA imaging
studies. If recanalization has occurred or if the vessel remains completely oc-
cluded, anticoagulation can be discontinued and the patient started on an-
tiplatelet therapy. If luminal irregularities are seen, anticoagulation can be con-
tinued for another 3 months with re-imaging at that time. Recanalization
occurs within the first weeks to months after dissection in approximately two
thirds of patients.

Prognosis of stroke secondary to dissection is related to the severity of the
initial ischemic event, but overall is more favorable than for other stroke syn-
dromes. In general, prognosis for those with mildly symptomatic or asympto-
matic carotid artery dissection is very good, and several studies have shown
excellent or complete recovery in more than 80% of patients with angiographic
signs of dissection. 

� Surgical Approach

Most arterial dissections heal spontaneously. Surgical or endovascular treatment
should be reserved for patients who have persistent ischemic symptoms despite
maximal medical therapy, or who have complications associated with enlarging
pseudoaneurysms. Surgical treatment can include ligation of the artery, with or
without accompanying extracranial-intracranial arterial bypass surgery. Success-
ful endovascular stenting has been described in several case series and is likely
associated with less morbidity than surgery, but long-term results of stenting are
not known. 

Case Continued

Your patient has been treated with warfarin for 3 months and returns for re-
imaging with MRI. 
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� MRA
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Figure 13-4

MRI Report

MRI demonstrates resolution of the dissection. 

Case Continued

You discontinue the warfarin, and recommend the patient take an 81-mg as-
pirin daily for the next 6 months. 
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Presentation

A 50-year-old man with a history of chronic obstructive pulmonary disease
(COPD) and hypertension presents to your office after he was seen by his pri-
mary care physician for evaluation of a slowly enlarging right anterior neck
mass. The patient has no other symptoms. Social history is positive for a 35
pack-year smoking history and occasional alcohol use. Family history is non-
contributory. On physical examination, a soft compressible 3-cm mass is felt in
the right anterior triangle of the neck. The mass can be moved laterally, but not
vertically (Fontaine sign). No bruits or thrills are present. Neurologic examina-
tion is within normal limits. 

Differential Diagnosis

The differential diagnosis for an anterior neck mass in an adult male includes
thyroid neoplasms; multinodular goiter; metastatic head and neck cancer to cer-
vical lymph nodes, tumors of the salivary gland, parotid gland, larynx, or
parathyroid. Other considerations include lymphoma, carotid body tumor,
carotid aneurysm, or lymphadenitis. Less likely diagnoses include a branchial
cleft cyst, thyroglossal duct cyst, or ectopic thymus, parathyroid, or thyroid tis-
sue. Given the patient’s smoking history, cancers of the head and neck and
carotid body tumors are the most likely diagnoses.

Recommendations

Based on clinical assessment and subsequent differential diagnosis, a complete
blood count with differential (CBC), thyroid-stimulating hormone (TSH) level,
and anterior neck ultrasound (US) scan with Doppler flow are ordered to evalu-
ate the etiology of the mass. 

Case Continued

The patient was found to have a normal CBC and TSH. The results of his US
scan follow. 
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� Ultrasound Scan
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Figure 14-1

Ultrasound Scan Report

Color-flow duplex sonography reveals a 3.7 � 4.2-cm solid hypoechoic, hyper-
vascular mass nestled in the right carotid bifurcation (see Fig. 14-1, lower right
panel). Note splaying of the internal and external carotid artery. The right com-
mon carotid artery (CCA), internal carotid artery (ICA), and external carotid
artery (ECA) all were found to have normal velocities, suggestive of no signifi-
cant atherosclerotic disease. 

Diagnosis

Carotid body tumor (CBT).

Discussion
Carotid body tumors (CBTs) are rare neoplasms constituting less than 0.5% of
all tumors. They occur equally in men and women primarily in their fourth and
fifth decades and are more likely to occur in the Caucasian population. Arising
from the paraganglion cells of the carotid body, these tumors are adherent to
the adventitia of the internal and external carotid arteries posterior to the bifur-
cation. CBTs are highly vascular, being supplied by the external carotid artery
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(ECA) and ascending cervical artery branches. Most CBTs occur sporadically,
but about 10% are familial in nature. These differ from sporadic cases by earlier
occurrence, multiple tumor growths, and autosomal dominant transmission.
Familial cases have been linked to germline mutations in the mitochondrial
complex II succinyl dehydrogenase B, C, and D subunit genes, which have
potential to induce tumorigenesis. Although the exact etiology of the sporadic
tumor is unknown, examining the normal function of the carotid body may
provide clues. The carotid body functions as a chemoreceptor stimulated by hy-
poxia, hypercapnia, and acidosis to regulate ventilation. During conditions
of chronic hypoxia, such as patients living in high altitudes or those with
COPD, the carotid body enlarges and histologically develops cellular hyperpla-
sia that is similar in appearance to the benign-appearing CBTs. Because CBTs
have been associated with high altitudes and COPD, chronic hypoxia is possibly
an etiologic factor. 

Clinically, CBTs usually present as a slowly enlarging asymptomatic anterior
neck mass that typically causes no pain. Eventually, as the tumor grows larger,
compression of the airway or invasion of adjacent cranial nerves leads to
chronic cough, local discomfort, pain, fullness, numbness, dysphagia, and
hoarseness. Other rare associated symptoms include headaches, dizziness, palpi-
tations, tachycardia, hypertension, photophobia, and diaphoresis, which may
suggest a functional, catecholamine-producing CBT. On examination, CBTs can
feel soft and compressible or can be firm, smooth, and lobulated. They are mo-
bile in the lateral direction, but cannot be moved longitudinally, a characteristic
described as the Fontaine sign. Many CBTs are pulsatile, like aneurysms, but un-
like aneurysms, are not expansile. In addition, in about 40% of cases, a bruit can
be heard over the mass. 

Laboratory studies to be performed include urine and serum catecholamine
levels if patient has symptoms of a functional tumor. Helpful radiographic stud-
ies for the diagnosis and preoperative evaluation of a CBT include US, computed
tomography (CT), magnetic resonance imaging (MRI), and selective carotid an-
giography. It is important that imaging modalities give an accurate diagnosis of
CBT, because biopsy of the vascular lesion could result in disastrous hemor-
rhage. Traditionally, selective carotid angiography has been the gold standard
for confirmation of a carotid body tumor. Angiography evaluates the entire bra-
chiocephalic and cerebrovascular tree for occult tumors, atherosclerosis,
aneurysms, and other anatomic variations as well as tumor size, extent, blood
supply, and aberrant vasculature for the CBT. However, angiography is limited
by potential complications including hematomas, arterial dissection, false
aneurysm, distal embolization, contrast reactions, and rarely stroke. Color flow
carotid artery duplex US is a noninvasive method used to visualize CBTs in the
carotid bifurcation, estimate lesion size and vascularity, and screen vessels for
tumor encasement or atherosclerotic disease. 

Two other helpful modalities are CT and MRI. Both CT and MRI can be use-
ful to evaluate large lesions; multiple tumors; proximal, distal, and intracranial
extension of tumors; and encasement of vessels. Computed tomography has
been utilized to classify CBT in terms of associated morbidity risks with resec-
tion. Known as the Shamblin classification system, it divides CBT into well-lo-
calized and easily resectable tumors (group 1); the larger tumors densely ad-
hered to vessels and partially surrounding vessels (group 2); and the largest of
tumors that encase the carotid arteries and adjacent nerves (group 3). In addi-
tion, MR angiography (MRA) may be utilized to reconstruct the vasculature and
evaluate for aberrant vessels. Finally, due to the slow but relentless growth of
CBTs, as well as a rare potential for metastasis, all CBTs should be resected. Ob-
servation or radiation should be considered only in the severely debilitated or
very elderly patient because the natural history of the CBT is to continue to



MRI Report

A 3-cm enhancing mass is noted between the ICA and ECA. The tumor appears
densely adhered to the vasculature and partially surrounds the vessels. No other
lesions are noted. 

grow, invade, and compress adjacent structures, causing neurovascular injury.
Once patients with CBTs have been treated, additional therapy includes screen-
ing US scans for relatives and genetic counseling.

Recommendations

Given that the patient most likely has a CBT and also has hypertension, he
should be evaluated for elevated catecholamines. In addition, an MRI study is
recommended to establish the Shamblin classification of resection difficulty, as
well as to assess for additional lesions. An angiogram is recommended to evalu-
ate the vasculature. Following completion of these studies, the patient should
be scheduled for resection of the CBT.

Case Continued

The patient’s serum and urine catecholamine levels were within normal limits.
The results of the MRI and angiogram are shown below.

� MRI
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� Selective Carotid Angiogram

Angiogram Report

A 3-cm hypervascular mass is noted splaying the carotid bifurcation. Vascular
supply appears to come from the ECA. Coil embolization was performed. 

� Surgical Approach

A well-planned operative approach is necessary to ensure complete tumor resec-
tion and reduce perioperative morbidity. Preoperative planning should involve
a complete neurologic examination to assess tumor involvement of cranial
nerves, as well as to establish a preoperative neurologic baseline for postopera-
tive monitoring. Next, the need for preoperative embolization must be assessed.
With the use of percutaneous catheters to selectively embolize the ECA with
thrombogenic particles, large hypervascular tumors may be more easily resected
with reduced risk of intraoperative hemorrhage in tumors greater than 5 cm.
However, this procedure is associated with a risk of embolization of the occlud-
ing particles to the brain, causing stroke or transient ischemic attacks. There-
fore, the benefits of this technique must be weighed against risks. 

General anesthesia is preferred over local technique to allow for better air-
way control and less movement of the operative field. Nasotracheal intubation
is also better than oral intubation because it allows for optimal exposure with
greater upward displacement of the floor of the mouth during paramandibular
dissection. If the CBT is known to extend high along the ICA, subluxation of
the ipsilateral mandible should also be performed for better exposure. Next,
cerebral monitoring should be established with the use of continuous recorded
electroencephalographic (EEG) monitoring of the scalp. Preparation of a saphe-
nous donor vein site for possible arterial reconstruction is wise. Following a
standard carotid exposure, a systematic dissection should be performed to avoid
injury. Bipolar electrocautery should be used for bloodless dissection along the
tumor surface to avoid injury to adjacent arteries and nerves. Dissection should
occur in the periadventitial plane to avoid intraoperative hemorrhage and weak-
ening of the carotid vessels. The dissection begins with identification of the

Figure 14-3
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common carotid artery at the level of the omohyoid muscle and careful dissec-
tion of the vagus nerve. Next, separation of the ECA-associated hypoglossal, su-
perior laryngeal, and marginal mandibular branch of facial nerves from the tu-
mor should be achieved. Finally, in the last and most difficult portion of the
tumor dissection, the ICA, proximal hypoglossal nerve, upper vagus nerve, pha-
ryngeal branch of vagus nerve, spinal accessory nerve, and glossopharyngeal
nerves may be associated with the tumor. In addition, if the tumor is densely
adhered to the vasculature at any point, temporary (5 to 10 minutes) clamping
of the common carotid artery after systemic heparinization may be performed
to reduce pulsatile movement of the field. Once the tumor has been resected,
but prior to closure, any enlarged ipsilateral lymph nodes should be removed. A
closed suction drain may be placed.

Case Continued

The patient underwent complete resection of a CBT. He was monitored
overnight in the surgical intensive care unit and was then transferred to the
general care floor. The patient experienced no difficulty breathing or swallow-
ing; the neck drain produced minimal serous fluid and was removed after 24
hours. Prior to discharge from the hospital on postoperative day 3, on neuro-
logic examination, the patient demonstrated tongue deviation to the right side.

Discussion
The patient is most likely experiencing postoperative deficit in the hypoglossal
nerve. This is often temporary and occurs in 20% of patients, along with deficits
in the marginal mandibular nerves. Permanent deficits occur in 4% of patients
and are related to tumors that arise in the vagus nerve. The risk of cranial nerve
deficits increases dramatically with tumor volumes greater than 7 cm3. Other
complications associated with CBT resection include postoperative stroke in 2%
to 4% of patients, but perioperative mortality is less than 2%. In addition, in pa-
tients who undergo bilateral CBT excision, carotid body dysfunction after oper-
ation can lead to severe hypertension, labile blood pressure, palpitations,
headaches, and hypoventilation during the first 24 to 72 hours after operation. 

Case Continued

The patient was observed for 5 years following the procedure with interval CT
studies and both neurologic and neck examinations. Family members were also
screened with US and neck examination, and did not have CBT or other para-
ganglion tumors. The patient’s hypoglossal cranial nerve deficit resolved within
6 months. The patient has remained disease free with no recurrence or metasta-
sis of the CBT. 

Discussion
Resection can be complete and curative in 95% of patients with CBT. Metastases
occur in less than 5% of cases, and usually in the setting of incomplete resec-
tion. When present, metastases may be present in the local lymph nodes, liver,
lung, and bone, and occasionally the brain. Recurrences occur in 5% to 10% of
patients and are often associated with familial cases.
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Presentation

A 51-year-old man presents to the emergency department with a stab wound
sustained 12 hours ago to the right side of the neck. He describes a tender mass
around the area. He admits to mild clumsiness and numbness in his left hand
and left leg, but denies stridor, vocal changes, or other neurologic symptoms.
Examination reveals that he has a 2-cm stab wound to zone II of the right neck
just anterior to the sternocleidomastoid muscle with a moderate-sized firm
hematoma without crepitus (Fig. 15-1). He is not in respiratory distress and has
no stridor on auscultation of the neck. There is no active bleeding from the neck
wound. The patient is hemodynamically stable and has no other wounds. Neu-
rologic examination reveals a mild left pronator drift and mild decrease to light
touch sensation in the left arm and left leg. A computed tomography (CT) scan
of the neck is recommended.

15 

Figure 15-1 Stab wound to
neck.

Figure 15-2

� CT Scan of Neck With IV Contrast 

Jonathan D. Gates, MD
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CT Scan Report

An extraluminal collection of intravenous contrast at the distal common carotid
artery is apparent. 

Differential Diagnosis and Recommendations

This man has suffered a single stab wound to the neck with a moderate
hematoma. It is essential to determine the depth of this wound through local
exploration. If the wound is small, it must be explored with the use of local
anesthesia to enlarge the wound to determine whether or not it has penetrated
the platysma. If the wound is large and gaping, often elevation of the tissue is
sufficient to determine that the platysma has been violated.

There is no evidence for airway compromise. Airway control is paramount
with penetrating wounds to the neck. If there is any question as to the adequacy
of the airway, he should be intubated. Clinically, he has evidence for a mild
right hemispheric stroke. At the top of the differential, one must consider pene-
trating injury to the carotid artery with an acute mild stroke. Given that the pa-
tient is hemodynamically stable and the wound has penetrated deep to the
platysma, further work-up is essential and appropriate. If this patient was ac-
tively bleeding from the stab wound, he should be moved to the operating
room emergently without further work-up. 

Preoperative CT scan of the head is essential in this stable patient to delin-
eate the absence or presence of the suspected stroke and determine whether
there is a hemorrhagic component. CT scan with intravenous contrast has be-
come an excellent screening test for arterial injuries in some locations, the neck
being one of them. Magnetic resonance angiography (MRA) may aid in the diag-
nosis of arterial injury, but requires the patient be moved to the MR suite, ren-
dering the patient less available for ongoing care. Angiography supplies addi-
tional information and is perhaps more sensitive with respect to minor intimal
injury. Angiography also introduces the option for a percutaneous solution to
the problem. At this time, angiography remains the gold standard for evaluation
of carotid artery injury. In addition, given the depth of the injury, one must
consider injury to the digestive tract.

� CT Scan of Head

Figure 15-3



CT Scan Report

CT scan of the head without intravenous contrast shows a 3-cm nonhemor-
rhagic stroke in the right frontal lobe anterior to the motor strip.

� Arteriogram
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Figure 15-4

Figure 15-5

Arteriogram Report

Arteriogram of the right carotid artery demonstrates a pseudoaneurysm of the
common carotid artery with patent internal and external carotid arteries.

� Three-Dimensional CT Scan

CT Scan Report

Computerized 3-dimensional reconstruction of the right common carotid artery
injury shows a pseudoaneurysm of the common carotid artery. 

Diagnosis 

This patient has a contained pseudoaneurysm of the right common carotid
artery with a moderate-sized bland infarct of the right frontal lobe. This is a
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symptomatic lesion in that a platelet plug must have formed at the site of the
injury or from turbulence within the pseudoaneurysm and embolized to the
brain. The carotid lesion also may rupture, given the tenuous nature of the wall
of the pseudoaneurysm. Clinically, the stroke is relatively small. Radiographi-
cally, it is of moderate size and hemorrhagic transformation is of concern. 

Recommendation

Percutaneous solutions to arterial pathology have evolved from the early em-
bolization of end vessels, to stent placement, and currently covered stents for
larger defects in the wall of arteries. A covered stent could be placed across the
lesion with occlusion of the external carotid artery to maintain flow through
the internal carotid artery. The risk of doing so includes the need for anticoagu-
lation during and after the procedure. 

Continuous intravenous heparin anticoagulation for the duration of the
procedure is less of a concern than the need for Integrilin after the procedure to
ensure stent patency. This may represent a risk of transformation of the bland
infarct into a hemorrhagic infarct. In addition, CT scan of the neck raises the is-
sue of a foreign body. If the wound were to become infected, the presence of the
covered stent may complicate the situation. One must continue with the evalu-
ation of the aerodigestive tract using bronchoscopy and either endoscopy or
barium swallow.

Surgical options include exploration and repair of the arterial injury with in-
travenous heparin intraoperatively and aspirin perioperatively. The risk of in-
tracranial bleeding would be less, and this would allow definitive evaluation of
the airway and digestive tract as well with possible removal of the foreign body.

� Surgical Approach

Electroencephalography (EEG) monitors are placed on the head, and the patient
undergoes general anesthesia. The right side of the neck is carefully positioned
for maximal exposure and the neck, chest, and lower leg are prepped and
draped so as to provide exposure for a potential median sternotomy for proxi-
mal control, if needed. In addition, leg preparation allows harvesting of the
saphenous vein for patch angioplasty. In vascular trauma, one must anticipate
the unexpected, and be prepared for proximal and distal control of the common
carotid and internal/external carotid arteries, respectively, so as to minimize he-
morrhage prior to addressing the pseudoaneurysm. If the common carotid in-
jury is lower in the neck, then proximal control may indeed require a median
sternotomy to control the innominate artery. Once the arteries are exposed and
controlled, heparin is given and the skin and overlying tissues superficial to the
pseudoaneurysm are opened (Fig. 15-6). The pertinent arteries are clamped and
the pseudoaneurysm exposed to define the injury. The majority of the anterior
wall of the common carotid artery is disrupted. The artery is opened longitudi-
nally from the common carotid artery into the internal carotid artery. If EEG
were not available, one could measure the stump pressure of the internal carotid
artery or place an indwelling shunt. Once the back wall is repaired with 6-0 Pro-
lene, a saphenous vein patch is secured to the arteriotomy in usual fashion and
the shunt, if used, is removed prior to completion of the anastomosis (Fig. 15-7).
A Jackson-Pratt drain is placed through a separate incision, and the platysma
and skin are closed separately. The patient’s neurologic exam is evaluated upon
emergence from anesthesia. Follow-up CT scan of the head demonstrated no
further exacerbation of the previously noted frontal stroke.



Discussion
Penetrating wounds deep to the platysma require further investigation. This
may take the form of mandatory exploration or a more selective approach.
When choosing the selective approach, it is understood that an aggressive work-
up should ensue, looking for injury to the aerodigestive tract or vascular system.
Once the diagnosis of the arterial injury is made, it should be addressed through
a surgical or endovascular approach. 

Suggested Readings
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Presentation

A 30-year-old woman is referred for evaluation of dysphagia. Her past medical
history is unremarkable. Physical examination reveals no abnormalities. Her up-
per extremity blood pressures are equal in the right and left arms. Endoscopy re-
veals a posterior extraluminal mass, which appears pulsatile. Esophageal
manometry reveals no significant peristaltic abnormalities. Previous diagnostic
testing includes an upper gastrointestinal barium swallow, which was ordered
by her primary care physician. 

■ Barium Swallow
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Figure 16-1

Barium Swallow Report

Barium swallow shows a posterior proximal filling defect in the proximal esoph-
agus (arrow), suggestive of extrinsic compression.

Differential Diagnosis

The differential diagnosis of dysphagia is broad and includes malignant and be-
nign tumors of the esophagus, esophageal strictures and webs, diverticula, peri-
staltic disorders of the esophagus, and extrinsic compression of the esophagus

Vladimir Grigoryants, MD, Narasimham L. Dasika, MD,
and Gilbert R. Upchurch, Jr., MD



by adjacent masses or vascular structures. Given the finding suggestive of ex-
trinsic compression and its pulsatile nature, an aberrant right subclavian artery
should be suspected in this patient.

Discussion
An aberrant right subclavian artery is present in up to 1% of the population.
This condition results from an embryologic defect involving the right fourth
aortic arch and right dorsal aorta. In this condition, the right subclavian artery
comes off the aorta distal to the left subclavian artery. The aberrant artery
crosses the midline posterior to the esophagus in 80% of patients, anterior to
the esophagus in 15%, and anterior to the trachea in 5%. Symptoms occur in a
minority of patients and include dysphagia (dysphagia lusoria), cough, short-
ness of breath, right arm claudication when stenosis of the artery is present, em-
bolism to the right upper extremity or the brain when the artery is aneurysmal,
and severe upper gastrointestinal hemorrhage resulting from arterial erosion
into the esophagus. Compressive symptoms may or may not be associated with
the presence of an aneurysm.

Angiography is the gold standard for diagnosing this rare vascular anomaly.
A chest x-ray may demonstrate a mediastinal mass when an aneurysm of the
aberrant right subclavian artery is present. A contrast study of the esophagus fre-
quently shows a posterior filling defect. Endoscopy allows exclusion of mucosal
abnormalities and may detect pulsatility of the compressed area of the esopha-
gus. Computed tomographic (CT) imaging shows the relationship of the artery
relative to the surrounding mediastinal structures, provides information about
the diameter of the artery, and shows whether an aneurysm is present. A combi-
nation of CT scanning and angiography is necessary for adequate preoperative
planning.

Recommendation

CT scan of the chest and angiography.

� Chest CT and Chest Angiography
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Figure 16-2

Figure 16-3



Chest CT and Chest Angiography Reports

Chest CT scan illustrates the retroesophageal course of an aberrant right subcla-
vian artery. (This CT scan was obtained from a patient who also had a ruptured
aortic arch aneurysm.) Aortic arch angiography demonstrates the aberrant right
subclavian artery arising from the proximal descending thoracic aorta (arrow).

Diagnosis and Recommendation

Aberrant right subclavian artery compressing the esophagus. Transposition of
the aberrant right subclavian artery to the right common carotid artery is
planned. The patient is informed that resolution of dysphagia is expected after
this procedure. Risks of the operation are discussed with the patient. Risks in-
clude stroke, bleeding, infection, thrombosis, embolism, and death, as well as
injury to the esophagus, trachea, recurrent laryngeal nerves, right brachial
plexus, and phrenic nerve. 

� Surgical Approach

Transposition of the right subclavian artery to the right common carotid artery,
with transection of the right subclavian artery to the left of the esophagus, is a
good option when no aneurysm is present. This procedure is performed through
a right supraclavicular incision. The aberrant subclavian artery is identified and
mobilized behind the esophagus to allow transection to the left of the esopha-
gus. The distal end of the artery is anastomosed to the right common carotid
artery in an end-to-side fashion. The proximal stump is oversewn. The surgeon
should be aware that the ipsilateral vertebral artery may arise from the common
carotid artery and the thoracic duct may enter the right jugulosubclavian junc-
tion in these patients. Injury to the thoracic duct may result in a persistent chy-
lothorax. Other described techniques include use of a prosthetic interposition
graft for a carotid to subclavian bypass or an aortosubclavian bypass.

Case Continued

The aberrant right subclavian artery is approached and mobilized through the
right supraclavicular incision. The patient undergoes transposition of the right
subclavian artery to the right common carotid artery. The proximal stump ap-
pears broad based. No anomalies of the vertebral artery or the thoracic duct are
found.

Discussion
The origin of the artery frequently appears broad based, known as Kommerell’s
diverticulum. Resection of the stump of the artery, or the Kommerell’s diverticu-
lum, is not necessary. 

Case Continued

The procedure is concluded uneventfully. An intraoperative duplex scan shows
a patent anastomosis. The patient is extubated and is transferred to the recovery
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room. Neurovascular examination in the operating room and recovery room re-
veals a strong right radial pulse and no evidence of distal embolism or neuro-
logic deficits. The patient reports resolution of dysphagia at 4 weeks postopera-
tively.

Discussion
Aneurysms of the aberrant right subclavian artery are usually found at or near
the origin of the artery and are believed to result from degeneration of the Kom-
merell’s diverticulum. Even if asymptomatic, these aneurysms should be treated
because they present a high risk of rupture (up to 50%), thrombosis, or em-
bolism. The aneurysms are best approached and excised through a left postero-
lateral thoracotomy. Stent graft repair of an aneurysm of the aberrant right sub-
clavian artery has been described. Patients with aneurysms of the aberrant right
subclavian artery should be screened for abdominal aortic aneurysms because
their concomitant presence is common.

Suggested Readings 
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Presentation

A 65-year-old woman presents with a 3-week history of intermittent right-hand
numbness, dizziness, and flashing colored lights in both eyes. The episodes last
a few minutes and then completely subside. Her past medical history includes
type 2 diabetes mellitus, hypertension, hyperlipidemia, and hypothyroidism.
Physical examination reveals bilateral cervical bruits and a markedly diminished
brachial pulse in the left arm. 

Differential Diagnosis

This patient’s neurologic symptoms are consistent with both vertebrobasilar and
hemispheric ischemia. The flashing colored lights suggest involvement of the
visual cortex in the posterior cerebrum, and the dizziness may be related to is-
chemia of other hindbrain structures. These symptoms are indicative of sympto-
matic subclavian steal. 

The hand and arm numbness suggest ischemia in the distribution of the mid-
dle cerebral artery, implicating a critical carotid lesion as a cause, most likely from
a hemodynamic and not embolic etiology in this case. An angiogram is ordered.

� Aortogram 
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Arch Aortogram Report

Arch aortogram demonstrates severe proximal left subclavian artery disease, a
moderately severe lesion in the proximal left common carotid artery, and severe
left carotid bifurcation disease.

� Arteriography
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Figure 17-2 

Arteriography Report

Delayed arteriographic sequence demonstrates retrograde left vertebral flow and
filling of the subclavian artery distal to the occlusive lesion.

Discussion
Evidence of subclavian artery disease is occasionally discovered on routine phys-
ical examination in older patients with atherosclerotic risk factors. However,
surgical reconstruction for this condition is unusual and represents less than 5%
of arterial cases in busy academic centers, according to Evans and Shepard. The
Joint Study of Extracranial Arterial Occlusion found associated subclavian or in-
nominate disease in 17% of patients undergoing arteriography for suspected
carotid disease, according to Fields and Lemak. 

The true incidence of severe subclavian artery disease is largely unknown,
because most patients are asymptomatic and are discovered incidentally after
finding either decreased pulses or a lower blood pressure in one arm. Symptoms
generally reflect vertebrobasilar insufficiency and typically include dizziness,
visual symptoms, and syncope. The classic symptoms of vertebrobasilar insuffi-
ciency induced by arm exercise are uncommon, and in most cases the symp-
toms are provoked by orthostatic maneuvers or excessive dosages of antihyper-
tensives. Arm claudication may be present as well, but overt arm or hand
ischemia is uncommon and usually indicates multilevel occlusive disease. The
presence of hemispheric or ocular symptoms suggests coexisting carotid bifurca-
tion disease. 



A subset of patients who have had coronary bypass using the left internal
mammary artery (LIMA) may present with recurrent angina due to hemody-
namically limiting subclavian disease proximal to the LIMA origin. This condi-
tion is referred to as coronary steal syndrome.

The initial diagnostic test of choice is duplex ultrasound imaging. Often the
subclavian lesion can be identified, and the presence of retrograde vertebral
flow confirms the diagnosis of subclavian steal. It is also crucial to assess the
carotid bifurcations, because significant coexisting disease is common and
should be considered for treatment. Arteriography is the definitive test because
it provides a more detailed view of overall anatomy, particularly the origins of
the great vessels, which are difficult to identify with ultrasonography. 

Treatment is indicated when symptoms of cerebral or arm ischemia are pre-
sent. The most common surgical procedures performed are the carotid-subcla-
vian bypass and subclavian-carotid transposition. Our preference is bypass using
a short 8-mm polytetrafluoroethylene (PTFE) graft, because the transposition re-
quires much more proximal dissection of the subclavian artery, putting the tho-
racic duct, phrenic nerve, and vertebral artery at greater risk of injury. 

If the ipsilateral carotid artery is not suitable for inflow, extra-anatomic con-
figurations such as axillo-axillary, subclavian-subclavian, and even femoro-sub-
clavian bypasses can be constructed. However, direct great vessel reconstruction
is preferred in these circumstances, using a graft off the ascending aorta in pa-
tients medically fit enough to tolerate median sternotomy.

Endovascular treatment of subclavian disease has emerged as an important
therapeutic option. In general, long-term patency is reduced compared with sur-
gical reconstruction. Yet, this approach may be more desirable for patients with
severe comorbidities or active myocardial ischemia from coronary steal. Results
are better for focal lesions, and the available data are mixed regarding outcome
following angioplasty with stenting compared with angioplasty alone.

Diagnosis and Recommendation

Symptomatic left subclavian steal and carotid atherosclerosis. 
Left carotid endarterectomy, intraoperative retrograde angioplasty/stenting

of the proximal left common carotid artery, carotid-to-subclavian bypass using
8-mm PTFE.

Case Continued

This patient has both a symptomatic subclavian steal and ipsilateral carotid bi-
furcation disease. Surgical management is complicated by the moderate focal
stenosis of the left common carotid origin, which precludes its use as inflow for
a carotid subclavian bypass. You elect to perform a carotid-to-subclavian bypass
and carotid endarterectomy with endovascular treatment of the common
carotid artery disease, because the lesion is focal and the remainder of the artery
is normal. The alternatives of aorto-carotid/subclavian bypass or extra-anatomic
reconstruction are less desirable for this patient because of her age.

� Surgical Approach

The patient is positioned similar to carotid endarterectomy, with the neck ex-
tended and rotated to the right. Electroencephalographic (EEG) monitoring is
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employed. The steps in the procedure are planned so as to minimize cerebral is-
chemia and allow for shunting as needed. 

The subclavian artery is dissected out through a medial supraclavicular inci-
sion. The clavicular head and a portion of the sternal head of the sternocleido-
mastoid muscle are divided. The phrenic nerve is gently retracted medially and
the anterior scalene muscle divided, exposing the subclavian artery. 

A second incision is made along the anterior border of the sternocleidomas-
toid muscle. The carotid artery is fully dissected out, as for carotid endarterec-
tomy. A tunnel is made posterior to the jugular vein for the bypass, and the dis-
tal subclavian anastomosis is performed to an 8-mm externally supported PTFE
graft. 

Test clamping of the common carotid artery is performed, and no EEG
changes are noted. An arteriotomy is made in the proximal common carotid
artery and a short 9-Fr sheath is passed proximally. An 8-mm self-expanding
stent is placed across the lesion, followed by an 8-mm angioplasty balloon. The
stent is positioned to flare slightly into the aortic lumen. Angiography is per-
formed.

� Angiography
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Figure 17-3

Angiography Report

Intraoperative completion arteriogram following primary stenting and touch-up
angioplasty of the proximal common carotid artery reveals no residual stenosis.
(Arrow indicates treated area of vessel.)

� Surgical Approach Continued

The proximal anastomosis of the subclavian bypass is then constructed to the
common carotid arteriotomy used for sheath access. The clamp is positioned
above the anastomosis, and carotid endarterectomy is performed using a
Dacron patch closure. The carotid endarterectomy is performed last to prevent
stasis thrombus from forming in the endarterectomized artery during carotid
stenting. The wounds are closed over a closed suction drain. 



Case Continued

Postoperatively, the patient is neurologically intact and has a normal blood
pressure in the left arm.

Discussion
This case illustrates the utility of combined surgical and endovascular treatment
options for complex great vessel disease. Although the carotid stent could have
been placed preoperatively, a retrograde intraoperative approach is chosen to
protect the cerebral circulation from potential atheroembolization, because ex-
posure of the artery is required for the endarterectomy and bypass.

The precise role of surgical versus endovascular treatment for subclavian
artery occlusive disease has yet to be defined. At experienced centers, according
to Cina et al., carotid-subclavian bypass can be done with a very low complica-
tion rate and 5-year patency rates of 90%, and is the procedure of choice in pa-
tients who are acceptable operative risks. Endovascular treatment is a good op-
tion for patients with severe comorbidity and high operative risk, but confers
inferior long-term patency, ranging from 59% to 68% (4-year follow-up) in
Schillinger’s experience with 113 patients. Their data also suggests that long-
term patency is better with angioplasty alone, as in-stent restenosis occurred fre-
quently, though Henry et al. found no difference in long-term patency for stent-
ing versus angioplasty alone.

In summary, intervention for subclavian artery occlusive disease is uncom-
mon, but is indicated in those with symptoms of cerebral or arm ischemia, as
well as cardiac ischemia in patients with LIMA bypass and proximal subclavian
disease. Several therapeutic options are available, ranging from endovascular
techniques to direct arch reconstruction. Appropriate therapy should be indi-
vidualized based on anatomy and comorbidity to maximize long-term durabil-
ity and minimize periprocedural risk.
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Presentation

A 43-year-old man who is an assembly line worker presents with pain and
discoloration in all 4 extremities. He previously noted a discolored area in
the tip of his right fourth and fifth fingers approximately a month ago. He also
previously noted pain in his feet bilaterally with exertion that seems to have
gotten worse, with constant pain when he goes to bed at night. The pain is re-
lieved by elevation of his feet or with the use of narcotics. He also notes redness
in his feet that seems to be worse with dependency. He has not been able to
work the last 2 weeks owing to these symptoms. On further questioning, he
notes increasing cold intolerance in his upper and lower extremities over the
last 2 years, which he attributes to his age. Past medical history is unremarkable
for prior medical illness or rheumatologic disease. He smoked 2 to 3 packs of
cigarettes a day for the past 25 years and cannot quit. His medications currently
include Tylenol with codeine. There is no history of migraine medication or er-
got-type derivative use. Although he has worked as an assembly line worker, his
job does not include exposure to vibratory tools. There is no family history of
premature atherosclerotic vascular disease or death. On physical examination,
the patient is afebrile with normal blood pressures in the upper extremities. Ex-
amination of the right upper extremities reveals a healed ulcer measuring 2 mm
on the tip of the right fourth digit. Radial pulses are normal. Allen’s test reveals
severe blanching of the right hand on occlusion of the radial artery, suggesting
occlusion of the radial artery at the wrist. No Osler nodes or Janeway lesions are
noted. Examination of the lower extremities reveals normal femoral, popliteal,
and dorsalis pedis pulses, but an absent posterior tibial artery pulse on the left
lower extremity. Cardiac examination is normal, with no murmurs or rubs on
auscultation. No bruits are appreciated. 

Differential Diagnosis

The presentation is one of an individual with advanced signs of ischemia in
his lower and upper extremities, and Raynaud’s symptoms. These symptoms
are concerning for small vessel disease involvement in both upper and
lower extremities, and are therefore suggestive of a systemic process. The pres-
ence of a healing ulcer in the upper extremity (evidence of tissue loss) rules
out primary Raynaud’s syndrome. The differential diagnosis includes diseases
that involve small and medium vessels of both the upper and lower extrem-
ities. Consideration should also be given to infectious etiologies (eg, infective
endocarditis) or intracardiac sources of embolism. Table 18-1 lists potential
considerations. 
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Table 18-1. Etiologic considerations

Large Vessel Obstructive Disease Small Vessel Obstructive Disease Vasospasm

Atherosclerotic Blood dyscrasias Large vessel vasospasm
Aneurysmal • Cryoglobulins • Cocaine
• TOS • Myeloproliferative disease • Ergotamine
• Traumatic • Multiple myeloma (especially • Methamphetamine
• Kawasaki’s Waldenström’s macroglobulinemia) • Cannabis
• FMD Buerger’s disease Small vessel vasospasm
Vasculitis Embolic • Primary Raynaud’s
• Giant cell (Takayasu’s) • Atheromatous plaque • Secondary Raynaud’s
• Radiation • Heart, innominate, subclavian

• Aneurysms
Innominate, subclavian, 
axillary, brachial, ulnar

Henoch-Schönlein purpura
Hypercoagulable states

• Antiphospholipid syndrome
• AT-III, protein C, S deficiency
• Lupus anticoagulant
• Heparin induced thrombocytopenia

Vasculitis
• Scleroderma
• CREST
• Rheumatoid arthritis
• Systemic lupus erythematosus 
• Polymyositis/dermatomyositis
• MCTD

Miscellaneous
• Frostbite

AT-III = anti-thrombin III; CREST = calcinosis, Raynaud’s phenomenon, esophageal involvement, sclerodactyly, telangiectasia 
(syndrome); FMD = fibromuscular dysplasia; MCTD = mixed connective tissue disease; TOS = thoracic outlet syndrome.
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Upper Extremity Ischemia

Segmental Pressures

Normal Consider TOSAbnormal

Normal

Consider Primary Raynaud’s

Abnormal

Digital Pressures
and Waveforms

Large and medium
vessel disease

Duplex Exam of
Upper Extremity

BilateralUnilateralX-Ray Angiography
Consider MRA

Work-up for other
emoblic sources

EKG, 2D Echo
Consider TEE

Lab testing for Connective
Tissue Disease (Table 2)

No evidence of infection,
Vasculitis, thromboembolic

Sources, or hypercoagulability

Consider Buerger’s disease
(if smoker), and Ergotism

Consider TOS

Figure 18-1

Recommendation

A complete evaluation is ordered, including laboratory studies as outlined in
Table 18-2 and Figure 18-1.



Evaluation Report 

Complete blood counts, total cholesterol, lipid profile, and homocysteine levels
are normal. A work-up for collagen vascular disease, hypercoagulability (includ-
ing antiphospholipid antibodies, antithrombin III, protein C, and protein S ac-
tivities) are normal. Erythrocyte sedimentation rate (ESR) is 15 mm/h and the
level of C-reactive protein (CRP) is low. 

A transthoracic echocardiogram followed by a transesophageal echocardio-
gram does not reveal a cardiac or aortic (ascending arch and portion of descend-
ing) source. 

Segmental pressures in the upper extremity reveal symmetric diminution in
pressures at the level of the fingers with a decrease in pressures in most fingers
of both upper extremities (40 mm > in the right fourth and fifth digits, with
damped waveforms in these digits, normal finger pressures should be > 80 mm
Hg). 

Upper extremity duplex testing reveals patent brachial and axillary arteries
without evidence of aneurysm or occlusion. 

An ankle brachial index (ABI) and segmental pressures of the lower extrem-
ity revealed an index of 0.9 in the right and 0.9 in the left. Toe brachial indices
were 0.3 bilaterally with monophasic waveforms in all digits of the feet. 

Recommendation

A 3-dimensional contrast-enhanced magnetic resonance arteriography (MRA) is
ordered of the abdomen and lower extremities, using floating table or bolus chase
technique, to rule out concomitant large-vessel disease in the pelvis and thighs.
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Table 18-2. Laboratory testing in patients with suspected 
small vessel disease

Laboratory Tests for Secondary Raynaud’s 
General Laboratory Testing and Obstructive Disease

Complete blood count Mini hypercoagulability screen*
Chemistry profile

Erythrocyte Antinuclear antibody and rheumatoid factor, 
sedimentation rate extractable nuclear antigens

Hepatitis screen Serum protein electrophoresis
Complement levels, cryoglobulins
Anticentromere antibody

*Mini hypercoagulability screen includes antiphospholipid antibodies, lupus anticoagulant, anti-
thrombin III, protein C (activity) and protein S levels, factor V Leiden, and prothrombin gene
mutation. 
For large artery obstruction, one may consider performing this work-up in addition, when
appropriate. 
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Figure 18-2 Figure 18-3

� Contrast-Enhanced MRA

MRA Report

MRA of the lower extremities (Fig. 18-2) does not reveal large-vessel occlusive
disease (iliac and femoral arteries were patent bilaterally). However, it does re-
veal an occlusion of the left posterior tibial artery at its origin with reconstitu-
tion at the ankle by collaterals. Disease of the tibioperoneal system was noted
with incomplete visualization of the pedal vessels bilaterally. 

Two-dimensional MRA (Fig. 18-3; digital subtraction images) of the right
foot shows nonopacification of the pedal vessels.

Diagnosis 

This man has systemic disease that selectively affects small and medium vessels
of the upper and lower extremities. The patient also has symptoms suggestive of
Raynaud’s syndrome. The major etiologies to consider in this case are related to
infectious, embolic, and vasculitic causes, and Buerger’s disease. Specific aspects
of this case that are of interest and enable one to arrive at the diagnosis are as
follows. Unilateral versus bilateral symptoms: Bilaterality of symptoms
and signs (asymptomatic involvement of digits) suggests a systemic process.
Tissue necrosis in the upper extremity excludes primary Raynaud’s,
which is intermittent and shows complete resolution in between attacks. More-
over, the lower extremity symptoms in this case are suggestive of a systemic di-
agnosis. Digital ulcerations are most commonly caused by vasculitis (50% to
75% of all cases); half of the vasculitis cases are caused by primary Sjögren syn-
drome (PSS), the syndrome of calcinosis, Raynaud’s phenomenon, esophageal
involvement, sclerodactyly, and telangiectasia (CREST), Buerger’s, and complica-
tions of atherosclerosis (eg, embolism). The presence of foot claudication sug-
gests small-vessel involvement often seen in Buerger’s disease. However, foot
claudication is by no means specific for Buerger’s disease (it may also be seen



with thromboembolization). Smoking history is almost invariably present, and
the absence of smoking should render the diagnosis of Buerger’s disease suspect. 

Case Continued

Based on the preponderance of evidence, diagnosis by exclusion, and the strong
history of smoking, Buerger’s disease is the most likely diagnosis. Atherosclerosis
is unlikely in view of the distal nature of involvement and the concomitant in-
volvement of the upper extremities. 

Discussion
Buerger’s disease (thromboangiitis obliterans) is a nonatherosclerotic segmental
peripheral arterial disease primarily affecting small- and medium-sized vessels of
the arms and legs. It is strongly associated with current or recent tobacco use
and appears to be more common in countries with heavier tobacco use. The dis-
ease has a male predominance with an onset before age 45 to 50 years. Affected
patients often first notice dysesthesias, Raynaud’s phenomenon, and pedal clau-
dication. Ischemic rest pain, ulceration, superficial migratory thrombophlebitis,
and digital gangrene are characteristics of disease progression. Multiple limbs
are nearly always involved, even in cases where clinical signs and symptoms ex-
ist in a single limb. Hence, an Allen test may be positive even in the setting of
only lower extremity pain and ulceration.

Diagnosis is by exclusion, as detailed above. Commonly measured markers
for inflammatory disease (ESR, CRP) and autoantibodies (antinuclear antibody,
rheumatoid factor) are usually normal or negative. Proximal sources of emboli
should be considered as part of the differential diagnosis and may be evaluated
by transthoracic or transesophageal echocardiogram, depending on clinical sus-
picion. Arteriography typically shows segmental occlusive lesions of distal ves-
sels surrounded by “corkscrew” or “tree-root” collateral vessels in the absence of
atherosclerosis. These findings are suggestive, but not pathognomonic. An exci-
sional biopsy is rarely needed, but can be obtained from amputations or acute
superficial phlebitis for confirmation of the diagnosis. Histopathologic analysis
of an acute phase lesion may demonstrate the classic findings of inflammatory
cellular thrombi, with relative sparing of the vessel wall and preservation of the
internal elastic lamina. Chronic lesions are characterized by organized throm-
bus and fibrosis. 

The following clinical criteria are used most commonly for the diagnosis: (1)
age younger than 45 years and current (or recent past) history of tobacco use;
(2) presence of distal extremity ischemia (claudication, rest pain, ischemic ul-
cers, or gangrene) documented with noninvasive vascular testing; (3) laboratory
tests to exclude autoimmune diseases, hypercoagulable states, and diabetes mel-
litus; (4) exclusion of a proximal source of emboli by means of echocardiogra-
phy and arteriography; (5) consistent arteriographic findings in the involved
and clinically noninvolved limbs. 

Recommendations

Treatment approaches in Buerger’s disease are outlined in Table 18-3. The initial
approach in this patient should be the complete cessation of tobacco use,
including smoking, chewing, or using nicotine-replacement products. A large
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majority of patients who quit smoking will avoid disease progression and ampu-
tations. If he continues to have active disease, despite reports of tobacco cessa-
tion, testing for urinary nicotine or cotinine should be considered prior to eval-
uation for other less definitive medical or surgical therapies.

Pain control: In patients with intractable pain due to lower or upper extrem-
ity involvement, sympathectomy (thoracic or lumbar) using endoscopic means
may be considered. Spinal cord stimulator treatment may also be of benefit in
patients with recalcitrant pain. 

Concomitant medical therapy: Although no prospective evidence exists re-
garding the benefit of therapies such as antiplatelet agents, statins, or anticoag-
ulation in patients with Buerger’s disease, antiplatelet therapy with aspirin
and/or Clopidogrel is probably reasonable. In this patient, who has a severe va-
sospastic component, a calcium channel antagonist was initiated (Amlodipine 5
to 10 mg/day). If ongoing tissue loss occurs, treatment with prostaglandin ana-
logues, such as Iloprost, may be beneficial. There is also anecdotal data about
the use of angiogenic growth factors, such as vascular endothelial growth factor
(VEGF), in these patients. Surgical revascularization is rarely performed because
of poor target vessels and the diffuse distal predilection of the disease, as seen in
this patient, and because of the usually good response following tobacco cessa-
tion. Vascular reconstruction may be considered in patients with bypassable dis-
ease and severe nonhealing ulcers or ischemic rest pain who have quit smoking.
Infrainguinal bypass using autogenous vein grafts from a series in Japan re-
vealed 5-year patency rates of less than 50% in patients with Buerger’s disease,
with patency rates directly related to smoking continuation. 
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Table 18-3. Treatment approaches in Buerger’s Disease

General Recommendations
Smoking cessation
Exercise
Avoid trauma
Treat infection with antibiotics

Local Wound Care
Lubricate skin with lanolin-based cream
Lamb’s wool between toes in case of ulcers or gangrene

Medical Treatment
Control pain (narcotics may be needed)
Calcium channel blockers (amlodipine or nifedipine) if severe Raynaud’s 
Aspirin and/or clopidogrel
Iloprost
Spinal cord stimulator
Endoscopic sympathectomy

Surgical
Infrainguinal bypass with vein
Surgical sympathectomy
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Presentation

A 28-year-old female postal clerk presents to your office with a 3-year history of
left hand, arm, and neck pain. She also experiences left upper extremity numb-
ness and tingling that are aggravated by use, especially with the arm elevated, as
well as occipital headaches. All of these complaints began several months after
an automobile collision in which the patient suffered a hyperextension strain to
the neck, but had no definitive cervical spine injury. Her symptoms did not im-
prove with several courses of physical therapy, and she was advised to continue
working despite the discomfort. Over the past year, she eventually found it too
painful to work; her symptoms progressed to the extent that she often has diffi-
culty sleeping at night. The patient has seen 7 different physician specialists
over the past 2 years without insight into the cause of her symptoms, and she
has not experienced any symptomatic improvement with a variety of different
treatment modalities. Previous evaluations have included cervical spine and
shoulder radiographs, computed tomography (CT) and magnetic resonance
imaging (MRI) of the head and neck, and nerve conduction and electromyogra-
phy studies. The results from all of these tests have been described to be normal.

Differential Diagnosis

A large number of conditions have to be considered in the initial differential di-
agnosis of this patient’s symptoms. This list includes cervical spine arthritis, de-
generative disc disease or spinal stenosis, post-traumatic cervical spine strain,
and fibromyalgia of the trapezius muscles. Shoulder tendinitis or other degener-
ative joint conditions should also be considered, along with acromioclavicular
impingement syndrome, epicondylitis, ulnar nerve (cubital tunnel) entrapment
syndrome, and median nerve (carpal tunnel) compression syndrome. The dif-
fuse and nonspecific nature of her complaints might also make it necessary to
consider a peripheral neuropathy or multiple sclerosis. Given the frequent lack
of objective findings on previous evaluations, it is also important to include
even psychogenic causes of her symptoms and the possibility of secondary gain. 

� Diagnostic Testing

Most of the entities in this differential diagnosis can be evaluated either by spe-
cific elements of the physical examination or by diagnostic tests that yield posi-
tive findings in the presence of the condition. For example, the presence of de-
generative cervical spine disease or disc herniation on CT scan could provide
definitive evidence of these conditions. Alternatively, negative test results can
also definitively exclude some of the diagnoses in question; thus, the absence of
focal slowing of nerve conduction over the wrist excludes carpal tunnel syn-
drome. In this case, the results of previous evaluations have effectively elimi-
nated a problem restricted to the cervical spine, the shoulder joint, or a single
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peripheral nerve distribution. In this situation, a diagnosis of neurogenic tho-
racic outlet syndrome (TOS) begins to emerge as a distinct possibility.

Neurogenic TOS is an uncommon condition often not considered until
other entities have been excluded and there is ongoing symptomatic deteriora-
tion. Unfortunately, there are no single aspects of the physical examination or
specific diagnostic tests that can confirm or exclude a diagnosis of neurogenic
TOS. Establishing a diagnosis of neurogenic TOS thereby depends on a constel-
lation of subjective symptoms and corroborative findings on physical examina-
tion that fit into a typical clinical pattern, combined with the exclusion of
other, more common conditions.

Case Continued

Physical examination reveals a cool left hand without signs of ischemia, throm-
boembolism, or venous congestion. The left arm has a full range of motion with
pain, numbness, and tingling induced by abduction to 180 degrees. There is
tenderness upon palpation of the left supraclavicular space with reproduction of
left hand symptoms. Muscle spasm is detectable along the border of the left
trapezius and sternocleidomastoid muscles. There is pain and tenderness along
the medial border of the scapula. 

In performing the Adson test, the left radial artery pulse is not easily palpa-
ble with the arm at rest, but is present. The pulse seems to dampen with the arm
positioned at 90 degrees abduction or higher. The right radial pulse is also di-
minished at rest, but is palpable in all arm positions. The patient is unable to
complete an elevated arm stress test (EAST), due to the development of severe
left arm and hand pain within 10 seconds of arm elevation. Examination of the
right upper extremity is completely normal.

Diagnosis

The most probable diagnosis is neurogenic TOS. The factors supporting the di-
agnosis are the history of previous neck trauma and progressive symptoms af-
fecting the entire arm and hand. The absence of a previous diagnosis despite
multiple tests and evaluations is also supportive of neurogenic TOS. Although
numbness and tingling in the hand are often considered worrisome symptoms,
pain is the most disabling and predominant symptom for which treatment is di-
rected. The findings on examination that support neurogenic TOS include local-
ized muscle spasm and tenderness over the left scalene triangle, with reproduc-
tion of hand symptoms on palpation. Although positional ablation of the radial
pulse suggests compression of the subclavian artery within the scalene triangle,
this is a common finding even in asymptomatic individuals; the pulse examina-
tion therefore offers little insight into the nature of the symptoms. The most
important finding is difficulty completing the EAST: a positive test is highly sug-
gestive of neurogenic TOS, whereas a negative result calls the diagnosis into
question.

Neurogenic TOS is thought to arise as a result of individual anatomy that
predisposes to neurovascular compression, combined with some form of trauma
to the scalene muscles. One of the anatomical factors associated with TOS is the
presence of a congenital cervical rib. Radiographs should be inspected to evalu-
ate whether such an anomaly is present, because it may help to solidify the di-
agnosis and influence management decisions.
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� Radiographs
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Radiology Report

Normal radiographs of the upper chest and cervical spine, with no evidence of
cervical rib.

Discussion
In some cases where TOS is suspected, one must consider the possibility of sub-
clavian artery compression resulting in formation of a post-stenotic subclavian
aneurysm. These lesions are usually clinically silent until they produce throm-
boembolism with occlusion of distal vessels within the upper extremity. Because
the clinical presentation of this complication may be subtle, the examiner must
be sure that any changes in perfusion of the hand do not represent ischemia.
When physical examination is equivocal or in cases where a cervical rib is pre-
sent, it is useful to consider magnetic resonance (MR) arteriography as a nonin-
vasive test by which to rule out the presence of a subclavian aneurysm.

� Magnetic Resonance Arteriography

Figure 19-2

Figure 19-1 



MRA Report

A contrast-enhanced MR angiogram was performed to evaluate the left subcla-
vian artery (arrows) at the level of the thoracic outlet. With the arms at rest, the
subclavian arteries exhibit a normal contour and luminal caliber, without signs
of occlusive disease or aneurysmal dilatation (Fig. 19-2, panel A). With the arms
elevated above the head, the subclavian arteries remain patent without signs of
positional occlusion (Fig. 19-2, panel B). The results of this study are normal.

Recommendation 

A trial of physical therapy specifically targeted toward relief of neurogenic TOS
is recommended. Although the patient has not improved with previous courses
of therapy, it is unlikely that these efforts were undertaken with the specific di-
agnosis of TOS. Because therapy for TOS differs from that given for other related
conditions, this treatment should be conducted by a therapist with expertise,
interest, and experience in management of TOS. Adjunctive measures should be
recommended, including use of anti-inflammatory medications and muscle re-
laxants. Use of narcotic pain medications is not recommended.

Case Continued

After 8 weeks of physical therapy, the patient has had no change in symptoms.
The therapist reports that the patient has made minimal improvement in pain-
free range of motion and that her progress is limited by ongoing pain with
activity.

Diagnosis and Recommendation

This patient may be considered to have neurogenic TOS refractory to conserva-
tive treatment, and surgical decompression is recommended. The patient is in-
formed that a substantial improvement in symptoms can be expected in ap-
proximately 70% of patients following appropriate surgical treatment, but that
complete long-term relief of all symptoms (ie, “cure”) is unlikely. It is empha-
sized that ongoing physical therapy and rehabilitation will remain an essential
part of her overall treatment. Potential complications of surgery are discussed,
including nerve or vascular injuries and temporary dysfunction of the phrenic
and/or long thoracic nerves, with an incidence in experienced hands of less
than 2%.

� Surgical Approach

The recommended approach to this problem is supraclavicular exploration with
complete resection of the anterior and middle scalene muscles. Any associated
fibrous bands and muscle anomalies within the scalene triangle are also re-
sected. Complete brachial plexus neurolysis is added to remove any associated
fibroinflammatory tissue that may be contributing to nerve irritation. It is rec-
ommended that first rib resection be included in the decompression procedure,
although some specialists advocate preservation of the first rib when it appears
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that adequate decompression has been accomplished by scalenectomy alone.
Following decompression, the brachial plexus nerve roots are surrounded with
Seprafilm in an effort to reduce postoperative adhesions. A closed-suction drain
is placed within the operative field, and is removed several days later. Use of the
affected extremity is not restricted following operation, and physical therapy is
resumed within the first 2 weeks. Liberal use of antiinflammatory agents, mus-
cle relaxants, and narcotic pain medications is recommended during the first 
4 to 6 weeks after surgery.

Discussion
The central goal of thoracic outlet decompression is to remove the structural el-
ements of the scalene triangle that contribute to nerve root compression and ir-
ritation. This has traditionally been focused on resection of the first rib at the
base of the scalene space. However, greater appreciation for the role of the ante-
rior and middle scalene muscles has led to renewed emphasis over the past
decade on the need for scalenectomy, with or without rib resection. It has also
become appreciated that scar tissue surrounding the brachial plexus nerve roots
may play an important role in nerve irritation. 

Several different operative approaches for thoracic outlet decompression
have been described, including (1) transaxillary first rib resection; (2) supraclav-
icular scalenectomy with or without first rib resection; and (3) posterior thora-
cotomy with first rib resection. Although the transaxillary approach allows
removal of the first rib, it is usually not feasible to perform complete scalenec-
tomy, brachial plexus neurolysis, or vascular reconstructions, if necessary, with-
out repositioning the patient and using an alternate incision. In contrast, all of
these procedures can be performed through the supraclavicular approach. Al-
though there is no evidence that outcomes are different with any of these ap-
proaches, the risk of injury appears to be lowest with supraclavicular explo-
ration. Supraclavicular exploration also has the advantage that any associated
procedures involving the subclavian artery or vein can be readily performed
through the same exposure. 
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Presentation

A 27-year-old male construction worker, with a past medical history significant
for a right clavicle fracture following a motor vehicle accident several years ago,
presents to the emergency department with the complaint of new onset of
numbness and tingling in his right arm. The paresthesias involved the forearm
and hand. Associated with the paresthesias, he complains of a cold sensation in
the hand, but denies any pain or weakness. The patient reports one episode sim-
ilar to this in the past that resolved spontaneously. The patient works with a
jackhammer and used it for the 3 days prior to presentation. He smokes one
pack of cigarettes per day and has done so for 2 years. On physical examination,
the right hand is cool with sluggish capillary refill. There is no palpable radial or
ulnar pulse on the right, and Doppler signals over these arteries are absent.
There is a palpable brachial pulse. The right clavicle has a mild bony promi-
nence at the site of previous fracture, but there are no other masses in this re-
gion. The remainder of his physical examination is normal.

Differential Diagnosis

The differential diagnosis for upper extremity ischemia includes diseases that
can be attributable to the small or large arteries of the arm. Diseases affecting
the small arteries include Raynaud’s syndrome, connective tissue diseases,
Buerger’s disease, and occupational-related disease (eg, continued work with vi-
bratory machinery). Diseases of the large arteries of the arm include atheroscle-
rosis, arteritis, and thromboembolism. The main sources of thromboembolism
include the heart and aneurysms in the more proximal arterial tree. In this
young, otherwise healthy patient who smokes, works with a jackhammer, has a
history of a right clavicle fracture, and has unilateral upper extremity ischemia,
the etiologies to consider most significantly are Buerger disease, an occupa-
tional-related disease due to the use of vibratory machinery, or an embolic event
from a more proximal aneurysm that has formed secondary to thoracic outlet
compression on the subclavian artery.

Recommendation

Based on clinical assessment and the subsequent differential diagnosis, an arch
and right upper extremity arteriogram are ordered. 
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� Arteriogram
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Figure 20-1 Figure 20-2 

Arteriogram Report

A fusiform focal aneurysm of the right subclavian artery at the level of an old
clavicular fracture is present. The remainder of the right brachiocephalic and
subclavian arteries is unremarkable. There is an occluded right brachial artery
just below the level of the elbow consistent with thromboembolic disease. There
is reconstitution of right radial and right ulnar arteries via recurrent radial and
recurrent ulnar collaterals. 

Diagnosis

Acute limb ischemia due to a thromboembolism that originated in a subclavian
artery aneurysm.

Discussion
Aneurysms of the subclavian and axillary arteries are rare, accounting for less
than 1% of peripheral artery aneurysms. Of the brachiocephalic aneurysms, the
subclavian artery aneurysm is the most common, with the right subclavian
artery involved more frequently than the left. There are a variety of causes of
subclavian artery aneurysms, and the most frequent etiology is variable from se-
ries to series. Thoracic outlet compression and atherosclerosis are the 2 main
culprits. Thoracic outlet compression with post-stenotic dilation usually affects
the distal subclavian artery and proximal axillary artery, whereas more proximal
aneurysms are due to atherosclerotic degeneration. Intrathoracic aneurysms oc-
cur more frequently in men, whereas more distal lesions associated with tho-
racic outlet compression are seen more commonly in women. Up to 50% of pa-
tients presenting with subclavian artery aneurysms will have concomitant
aneurysms in other locations, most commonly the aorta or contralateral subcla-
vian artery. 

Axillary artery aneurysms are usually caused by blunt or penetrating trauma,
the most common form of which is chronic crutch use. Other traumatic events
include attempts at venous cannulation in this region, fracture dislocation of
the arm and shoulder, and radiation injury. A variety of other diseases are



known to be associated with the development of axillary artery aneurysms in-
cluding connective tissue disorders, tuberous sclerosis, sarcoidosis, and several
of the arteritides. 

In both subclavian and axillary artery aneurysms, patients present with
symptoms in more than two thirds of the cases. Symptoms are generally related
to compression of the aneurysm on adjacent structures, ischemic complications
from thromboembolism, or rupture. Subclavian artery aneurysms often present
with symptoms of compression that manifest as chest wall or shoulder pain, or
facial swelling secondary to compression of the superior vena cava. Horner’s
syndrome has been described as a manifestation of a large subclavian artery
aneurysm. In addition, both subclavian and axillary artery aneurysms can pre-
sent with symptoms of upper extremity paresthesias secondary to the aneurys-
mal compression on the brachial plexus. Thromboembolism is the second most
common cause of symptoms in subclavian artery aneurysms. Distal throm-
boembolism can occur, resulting in upper extremity ischemia. In addition, ret-
rograde propagation of the thrombus can occur, with subsequent embolization
into the cerebrovascular circulation resulting in transient ischemic attacks or
stroke. Many patients experience repetitive small emboli that result in a more
chronically diseased outflow bed in the arm. Following thromboembolism, pa-
tients can present with mild symptoms of ischemia due to the multiple collat-
eral channels supplying the arm. In addition, they may present with digit is-
chemia that may mimic Raynaud’s syndrome. Subclavian artery aneurysm and
axillary artery aneurysm rupture is rare. Rupture is most often seen in patients
with large aneurysms, infected aneurysms, or traumatic pseudoaneurysms. 

The history and physical examination are important in distinguishing the
symptoms of an axillary or subclavian artery aneurysm from other etiologies.
The upper extremity ischemia, caused by distal embolization in patients with
axillary and subclavian arterial aneurysms, can mimic several pathologies in-
cluding Raynaud syndrome, collagen vascular disease, immunologic disorders,
and hypercoaguable states. An axillary or subclavian artery aneurysm should be
suspected in patients presenting with evidence of upper extremity ischemia and
any symptoms suggestive of aneurysmal compression on adjacent structures. In
addition, any history of clavicular, shoulder, upper extremity, or neck trauma
should raise suspicion of an axillary or subclavian artery aneurysm. On physical
examination, evidence of decreased perfusion in the upper extremity may exist,
although given the excellent collateral blood flow to the arm, patients may not
have an immediately threatened limb. A pulsatile mass may be palpable in the
supraclavicular or infraclavicular regions. The most common pulsatile mass in
this region, however, is often due to a tortuous common carotid artery or sub-
clavian artery and not an aneurysm. 

Depending on the patient’s presentation, noninvasive studies should be per-
formed on the upper extremity, including segmental blood pressure measure-
ments and digital duplex waveform analysis. Laboratory testing, including com-
plete blood counts, serum chemistries, erythrocyte sedimentation rates,
antinuclear antibody, and a hypercoaguable work-up, may be helpful in discern-
ing the etiology. Bony abnormalities, if found on physical examination, should
be further evaluated with plain radiographs. A useful tool to look for the
presence of a subclavian artery or axillary artery aneurysm is duplex ultra-
sonography. Arteriography is generally necessary, particularly when patients
present with symptoms of ischemia. Arch and upper extremity arteriography
are useful for preoperative planning, as it can define the location and extent
of the aneurysm and its location relative to other structures, such as the
common carotid artery and vertebral artery. An angiogram will also help deter-
mine the degree of disease present in the outflow vessels of the arm, which
may have multiple sites of occlusion or stenosis from repeated episodes of
thromboembolism.
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Recommendations

Because the patient presented with acute limb ischemia, but without an imme-
diately threatened limb, thrombolysis can be initiated in an attempt to clear the
distal arterial bed of thrombus burden. Thromboemboli, however, can be resis-
tant to thrombolysis due to the chronic nature of the clot that has embolized. In
patients presenting with immediately threatened limbs, operative thromboem-
bolectomy is indicated.

Case Continued

Thrombolytic therapy of the brachial artery restores patency of the brachial, ra-
dial, and ulnar arteries within 24 hours. At this point the patient has a warm,
pink hand with palpable radial and ulnar pulses. The paresthesias resolved.

Recommendations

The diagnosis is an embolic event from the fusiform subclavian artery
aneurysm. Although emboli often do not respond to thrombolytic therapy, this
patient has complete resolution. The patient at this point is offered repair of the
subclavian artery aneurysm and thoracic outlet decompression. The complica-
tions mentioned to him include bleeding, infection, risk of phrenic nerve and
brachial plexus palsy, recurrent embolization, thrombosis of the bypass graft,
and pneumothorax. 

� Surgical Approach

The patient undergoes repair of the subclavian artery aneurysm with placement
of an interposition polytetrafluorethylene (PTFE) graft. The operation is per-
formed through a supraclavicular incision. The anterior scalene muscle is di-
vided, taking care to avoid injury to the phrenic nerve, and the underlying
artery is exposed. Proximal and distal control of the subclavian artery is ob-
tained, and after the patient is given systemic heparin, the vessel is occluded. An
endoaneurysmorrhaphy is performed to decrease the risk of brachial plexus in-
jury, and an interposition PTFE graft is placed. The anastomoses are sewn with
running monofilament suture in an end-to-end fashion. Due to the callus
formed at the site of the prior clavicle fracture, the first rib is resected to decom-
press the thoracic outlet. The wound is closed in layers. The patient is placed on
aspirin therapy in the postoperative period. 

Discussion
The treatment for subclavian and axillary artery aneurysms is endoaneurysmor-
rhaphy with arterial replacement using either a prosthetic graft or an autoge-
nous graft. All symptomatic aneurysms should be repaired, as well as asympto-
matic aneurysms that are larger than 2 cm in diameter.

Proximal left subclavian artery aneurysms are approached through a left
posterolateral thoracotomy entering the thorax through the fourth rib space. In-
trathoracic right subclavian artery aneurysms are best approached through a
median sternotomy. Aneurysms in these regions are generally reconstructed us-
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ing prosthetic grafts. More distal subclavian artery aneurysms are approached
through a supraclavicular and/or infraclavicular incision, while axillary artery
aneurysms are approached through an infraclavicular incision with an exten-
sion, or separate incision, on the arm. The operative team must be ready to ob-
tain more medial control of these vessels, through a sternotomy or thoraco-
tomy, if the situation requires. In some cases, when there is redundant artery
and a short aneurysm, resection of the aneurysm is possible with a primary end-
to-end anastomosis of the remaining artery. Generally, however, an interposi-
tion graft is used. It is recommended that most aneurysms be repaired via en-
doaneurysmorrhaphy, as opposed to complete aneurysm resection, as this
decreases the risk of injury to the adjacent brachial plexus. This is particularly
true of large aneurysms. Depending on the size match and length required, the
conduit used to perform the repair can vary from prosthetic graft material, to
hypogastric artery, to a vein graft. Obviously, in situations such as a trauma
where local wound contamination may be significant, preference is given to au-
togenous conduits. In patients with poststenotic dilation of the subclavian
artery, a first rib resection is performed at the time of aneurysm repair. Out-
comes from repair of subclavian and axillary artery aneurysms have been excel-
lent with minimal morbidity and mortality.

Experience with endovascular repair of subclavian and axillary artery
aneurysms is limited, but growing. This approach has most commonly been ap-
plied to patients who have suffered a traumatic injury to these vessels. The feasi-
bility of placing covered stents in these regions has proven successful, but the
long-term outcomes are not known. 
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Presentation

A 42-year-old right-handed mechanic with no significant past medical history
presents to your office with a 4-month history of pain and cyanosis of the right
second, third, fourth, and fifth fingers. He complains of small ulcers on his third
and fifth fingertips for over 2 months. His occupation involves repetitive strik-
ing of tools using the palmar surface of an open hand. He denies using tobacco
or illicit drugs.

Differential Diagnosis

Pain, ulceration, and color changes are common symptoms and signs of extrem-
ity ischemia; others include gangrene, cold intolerance, paresthesias, weakness
or fatigue, and exertional cramping or weakness. The differential diagnosis for
extremity ischemia can be categorized into diagnoses that commonly affect the
lower extremities and those that are usually isolated to the upper extremities.
The former include atherosclerosis, cardiac embolization, hypercoagulable
states, and thromboangiitis obliterans. The latter include Raynaud’s syndrome,
vasculitis (eg, systemic lupus, rheumatoid arthritis), radiation arteriopathy, arte-
rial thoracic outlet syndrome, iatrogenic arterial injury, injections from drug
abuse, vibrational injury, and hypothenar hammer syndrome.

Case Continued

The patient has normal upper extremity pulses and equal arm blood pressures.
Allen’s test is performed, and results are normal with patent radial, ulnar, and
palmar arch arteries. Superficial ulcerations of the tips of the right third and
fifth digits are noted.

Thrombophilia Studies Report 

Negative for deficiencies of protein C and S, and antithrombin III. Homocys-
teine level is normal, and there is no lupus anticoagulant, anticardiolipin anti-
body, factor V Leiden mutation, or prothrombin gene 20210 mutation. 

Collagen Vascular Disease Studies Report

Negative for elevations in erythrocyte sedimentation rate (ESR), C-reactive pro-
tein (CRP), and autoantibodies, such as antinuclear antibodies (ANA), rheuma-
toid factor (RF), and complement levels.

102

case 21 
Raymond M. Shaheen, MD, and Jon S. Matsumura, MD



� Arteriogram
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Figure 21-1

Arteriogram Report

Selective arteriography showed aneurysmal degeneration of the palmar ulnar
artery with embolic occlusion of multiple digital arteries (solid black arrows). 

Diagnosis

The patient’s history of occupational repetitive striking of his hands, with no
other significant past medical history, and arteriography demonstrating abrupt
embolic occlusion of digital vessels in the runoff pattern of the more proximal
palmar ulnar artery lesion are most consistent with a diagnosis of hypothenar
hammer syndrome. 

Thromboangiitis obliterans (Buerger’s disease) is a nonatherosclerotic seg-
mental inflammatory disease of small and medium vessels in the extremities,
which is strongly associated with smoking. These patients differ from other can-
didate inflammatory diagnoses (eg, systemic lupus erythematosus, rheumatoid
arthritis) in that the usual inflammatory or immunologic markers (ie, acute
phase reactants such as ESR, CRP, and autoantibodies, such as ANA, RH, and
complement levels) are normal. Raynaud’s syndrome is characterized by episodic
attacks of vasospasm of arterioles of the distal extremities, usually in female pa-
tients and usually with a bilateral pattern. This patient has no history of cardiac
arrhythmia and a negative hypercoagulable evaluation, making cardiac em-
bolization or thrombophilia unlikely. Although iatrogenic arterial injury or in-
jection drug abuse with digital embolization could be consistent with the radi-
ographic findings, he has no physical examination findings or social history to
support these diagnoses. 



Recommendation

This patient is offered excision and reconstruction of the ulnar artery aneurysm,
which is the most likely embolic source of his digital vessel occlusions.

� Surgical Approach

Axillary block is obtained and a longitudinal palmar incision is performed. Iden-
tification and resection of an ectatic palmar ulnar artery segment correlating
with the arteriographic findings is performed. The greater saphenous vein at the
ankle (better size match than in the thigh) is used as an interposition graft.
Saline solutions containing heparin and papaverine are used to prepare the vein
and irrigate the arterial targets to minimize vasospasm and thrombus formation.
A spatulated end-to-end anastomosis is performed with 7-0 polypropylene su-
tures in interrupted fashion. 

Discussion
The predisposing factor in the development of hypothenar hammer syndrome
is repetitive use of the palm of the hand by striking or pushing hand tools. This
mechanism of injury involves the hook of the hamate bone striking the unpro-
tected superficial palmar branch of the ulnar artery, which may lead to aneurys-
mal degeneration and/or thrombosis. Recent studies have also suggested that
the pathophysiology may involve focal fibromuscular dysplasia as a predispos-
ing risk factor for the development of hypothenar hammer syndrome in pa-
tients with occupational repetitive striking of the hands. Subsequent emboliza-
tion may occlude digital arteries, with resultant severe vascular insufficiency
and ulceration. Arteriography remains the gold-standard diagnostic test, and
can help direct surgical management. Ultrasonography may be useful in assess-
ing patients noninvasively, and digital pressures can determine the patency of
digital arteries. Ultrasound can also identify some ulnar artery aneurysms that
may be missed by arteriography due to the presence of mural thrombus.

All patients with hypothenar hammer syndrome should be counseled about
minimizing further trauma to the hands. Treatment of asymptomatic ulnar
artery occlusions is primarily nonoperative. Patients with mild symptoms also
are treated nonoperatively. Padding and refraining from repetitive trauma to the
hands can be associated with significant clinical improvement and avoid surgi-
cal intervention. 

Reconstruction is the preferred approach for patients with significant is-
chemic changes, particularly when there is ulnar artery occlusion or a patent
embolizing source. Thrombolysis may be a beneficial adjunct by reestablishing
flow to recently embolized digital vessels in the acute setting. Occasionally,
thrombolysis may uncover an unsuspected ulnar artery aneurysm. Patent and
embolizing palmar ulnar arteries require either ligation (in the setting of a
patent palmar arch without skin ulceration), or interposition vein reconstruc-
tion. 

Vascular reconstruction with a short graft and normal inflow is often suc-
cessful. Most patients with hypothenar hammer syndrome can obtain a high
degree of functional restoration and remain gainfully employed with avoidance
of the inciting repetitive traumatic injury. 
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Presentation

A 62-year-old man is referred to your office by his primary care physician after a
recent diagnosis of an abdominal aortic aneurysm (AAA). The AAA was inciden-
tally found when the patient underwent a computed tomography (CT) scan for
chronic low back pain. His back pain has been unchanged over the past several
years. On initial questioning, he denies abdominal or groin pain. His medical
history includes tobacco use, hypertension, and degenerative joint disease. His
medications include hydrochlorothiazide for hypertension and ibuprofen for
osteoarthritis.

He has been relatively sedentary since retiring. However, he can walk up a
flight of stairs without becoming short of breath. He denies symptoms of angina
or lower extremity claudication. On physical examination, blood pressure is
140/80 mm Hg, and heart rate is 82 beats per minute. His abdominal examina-
tion reveals a well-healed right lower quadrant appendectomy scar, and a non-
tender pulsatile mass just above the umbilicus. His femoral pulses are 2+, and he
has 1+ dorsalis pedis and posterior tibialis pulses bilaterally. The remainder of
his examination is normal.

� Outside CT Scan of the Abdomen and
Pelvis With Intravenous Contrast
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Figure 22-1 

CT Scan Report 

A 5.7-cm infrarenal AAA is present. (Figure 22-1 shows the typical appearance of
an AAA.) No evidence of contrast extravasation is seen. The aneurysm begins 2
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cm below the renal arteries and ends at the aortic bifurcation (not seen in this
image). Note the difference in diameter between the blood flow channel (black
arrow) and the aortic wall (white arrow).

Imaging Features

An abdominal aorta is defined as aneurysmal when its diameter is greater than
50% over baseline. A normal aorta is approximately 2 to 2.5 cm in diameter, so
an AAA is present when the diameter reaches 3 to 3.5 cm. Aneurysms have
many anatomic variations, and may be saccular or fusiform. The shape is an im-
portant consideration, because the aortic diameter can be overestimated if a
cross-sectional image (CT scan) is taken orthogonal to the aneurysm’s long axis.
The relationship of the renal arteries to the proximal extent of the aneurysm
should be noted. An infrarenal aneurysm has a proximal “neck” of uninvolved
aorta below the renal arteries. The distal extent of the aneurysm is also impor-
tant. Although some AAAs end at the bifurcation, many extend into one or both
of the common iliac arteries, sometimes necessitating concomitant repair.

Discussion
AAA is a common condition that carries a high mortality. More than 30,000
open AAA repairs were performed in the year 2000, with AAAs responsible for
more than 16,000 deaths. The prevalence of unruptured AAAs is certainly much
higher than reflected in the operative numbers, given the frequently undiag-
nosed nature of this mostly silent condition. Patients with insurance and good
access to health care are more likely to have their AAA diagnosed—not necessar-
ily by physical examination, but usually by other diagnostic studies.

The pathogenesis of AAA is multifactorial. Its causes fall into at least 4 cate-
gories: proteolytic degradation of the aortic wall connective tissue; inflamma-
tion and subsequent immune response; biomechanical wall stress; and molecu-
lar genetic factors. It is hypothesized that an initial insult to the aortic wall
(possibly atherosclerosis, infection, microdissection, or localized biomechanical
wall stress) stimulates an immune response through an unknown mechanism
that turns on a pathway wherein proteolytic enzymes degrade the medial wall
proteins, causing an aneurysm. All of these processes are undoubtedly affected
by the patient’s genetic predisposition. A single cause for AAA formation is un-
likely to be revealed.

AAAs should be repaired electively to prevent the tragedy of rupture. Rup-
tured AAAs carry a mortality of at least 70%, but frequently this is much higher.
Even if the patient survives long enough to make it to the operating room, there
is still only a 50% chance of survival to hospital discharge. The decision to elec-
tively repair an AAA depends mainly on its maximal diameter. The risk of rup-
ture for an AAA is typically expressed as the likelihood of rupture in the follow-
ing year. An aortic diameter of less than 4 cm carries almost no risk of rupture in
the following year; these aneurysms should be observed with serial diameter
measurements by duplex ultrasound. However, the 1-year rupture rate begins to
rise quickly: 0.5% to 5%/year for AAA 4 to 5 cm, 3% to 15%/year for AAA 5 to 6
cm, 10% to 20%/year for AAA 6 to 7 cm, and as high as 50%/year when an AAA
reaches 8 cm in size. Other factors that may increase the likelihood of AAA rup-
ture at a given diameter are chronic obstructive pulmonary disease, female gen-
der, rapid expansion rate, hypertension, and smoking. The current general con-
sensus for the average patient (especially male) is that an AAA less than 5.5 cm
in size may be followed, unless rapid expansion is noted.
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Recommendation

Prior to the widespread utilization of CT scans, abdominal radiographs would
occasionally reveal AAAs by visualizing calcification of the aneurysm sac. More
recently, 3-dimensional reconstructions from CT scans have proved useful in
preoperative planning. Traditional angiography may show an aneurysm, but
frequently its diameter measurements are not accurate, because the luminal
plaque within an aneurysm sac may still have a blood flow channel of relatively
normal diameter (see Fig. 22-1). A 3-dimensional CT scan is recommended.

� CT Scan With 3-Dimensional
Reconstructions
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Figure 22-2 Figure 22-3 

CT Scan Report

Anterior-posterior and left lateral 3-dimensional reconstructions of an infrarenal
AAA ending at the aortic bifurcation show a moderate amount of atherosclerotic
plaque (colored yellow). The blood flow channel is also dilated. The proximal aor-
tic neck is conical (increases by greater than 10% over 1.5 cm; celiac = celiac
artery; SMA = superior mesenteric artery; RRA/LRA = right/left renal artery;
RCIA/LCIA = right/left common iliac artery).

Diagnosis and Recommendation 

Infrarenal AAA without extension into the iliac arteries. The patient is offered
an open repair of his AAA, given his young age and conical proximal aortic
neck. The patient and his family are quoted an approximately 2% to 5% periop-



erative mortality. Many studies have investigated the relationship between hos-
pital volume and outcome following AAA repair. When other variables are con-
trolled, high-volume hospitals (more than 30 open AAA repairs per year) have
an overall lower mortality after AAA repair (there is a 1.7 times greater risk of
death at a low-volume hospital).

� Surgical Approach

The abdomen is widely prepped and draped. Adequate exposure is very impor-
tant in this operation; a midline incision is made. Alternatively, some surgeons
utilize a transverse incision or a retroperitoneal approach. After dissecting the
duodenum off the aorta, proximal control is obtained below the renal arteries,
and distal control is obtained of the common iliac arteries. Brisk diuresis is es-
tablished with mannitol and furosemide. Following heparin administration, the
iliac arteries are clamped distally, then the proximal intrarenal aorta is clamped.
The aneurysm sac is then opened longitudinally, and the aortic thrombus re-
moved. All lumbar arteries are oversewn. The inferior mesenteric artery (IMA) is
briskly back bleeding and is oversewn. A prosthetic tube graft is sewn in place
with monofilament suture. Once the graft is in place and the patient is hemody-
namically stable, the aneurysm sac is closed over the graft. The retroperitoneum
is closed to prevent subsequent aortoduodenal fistula. The abdomen is closed in
the standard fashion. The patient is admitted to the intensive care unit for rou-
tine postoperative care.

Case Continued

The patient does well the first night after the operation, but the next afternoon
you are called by the nurse to the bedside. The patient’s blood pressure has been
trending down over the past 2 hours, and he has increasingly required intra-
venous fluids to keep his blood pressure in the normal range. Also, the nurse
tells you that he passed a bloody bowel movement. On physical examination,
he appears unwell, and has diffuse abdominal tenderness and guarding. His pe-
ripheral pulses remain palpable. Emergency laboratory studies reveal a meta-
bolic acidosis and a stable hematocrit.

Differential Diagnosis

This patient’s change in clinical course is concerning. The decrease in blood
pressure could be due to intravascular hypovolemia, cardiac shock, sepsis, or
bleeding. With decreasing blood pressure and abdominal pain after aortic
surgery, bleeding is always the first concern. This is less likely in this patient
with a stable hematocrit. It is unusual for a patient to have any bowel move-
ment in the first couple days after an AAA repair, and a bloody stool suggests
colonic ischemia. Generally, postoperative mesenteric ischemia occurs in the
colon supplied by the IMA. The blood flow through the IMA is variable in the
setting of an AAA. Many times, the IMA has thrombosed prior to the operation
with its ostia occluded by plaque and thrombus. Otherwise, it is often oversewn
during the operation. Collateral blood flow from the superior mesenteric artery
and superior hemorrhoidal arteries are usually sufficient to supply blood flow to
the lower colon. If not, the colon may become ischemic and ultimately progress
to frank necrosis. 
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Diagnosis and Recommendation 

Probable colon ischemia. The patient should undergo an emergent endoscopy
for definitive diagnosis.

Case Continued

The patient undergoes flexible sigmoidoscopy, which reveals frank, circumferen-
tial necrosis of the sigmoid and descending colon. Broad-spectrum antibiotics are
administered, and he is returned to the operating room for a partial colon resec-
tion, during which the left colon is removed, and a transverse colostomy is cre-
ated. The rectum is stapled off (Hartman’s procedure). His postoperative course is
protracted, but relatively uneventful. He eventually recovers and does well.

Discussion 
Severe colon ischemia is rare after AAA repair, occurring less than 1% of the
time. However, it carries a high degree of morbidity and a significant mortality
rate. IMA reimplantation may not affect the incidence of colon ischemia. The
key to successful treatment of postoperative colon ischemia is early detection
and removal. A high index of suspicion should lead to early endoscopy if any
symptoms or signs of colonic ischemia occur.

Additional Considerations
Preoperative preparation for patients scheduled to undergo major vascular
surgery is very important. Excellent assessment tools and algorithms are avail-
able to aid in decisions regarding the need for preoperative cardiac testing. The
patient is less than 70 years of age, has no cardiac history or symptoms, has a
normal EKG, and has reasonable exercise tolerance. He should be started on a
beta-blocker preoperatively and continued at least 3 months postoperatively,
but does not need additional cardiac testing. He should also be counseled on the
benefits of smoking cessation and strongly encouraged to do so. 
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Presentation

The patient is a 77-year-old man who was discovered to have an abdominal aor-
tic aneurysm (AAA) by ultrasound performed for evaluation of intermittent
right upper quadrant discomfort. The ultrasound demonstrated no cholelithia-
sis, thickening of the gallbladder wall, or dilatation of the common bile duct
and was not remarkable for findings other than an AAA. A subsequent CT scan
is ordered. 

� CT Scan 
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CT Scan Report

CT scan confirms the presence of a 7.9-cm AAA.

Differential Diagnosis/Treatment Options

The diagnosis of an asymptomatic AAA has been established using radiographic
studies. There is no evidence of rupture or acute expansion. Further decisions re-
garding treatment must now incorporate evaluation of the patient’s overall con-
dition, ability to tolerate surgery, life expectancy, and likelihood of aneurysm
rupture. Given the large size of the aneurysm, rupture within 12 months is likely.
Intervention is therefore indicated for the prevention of rupture, if the patient
does not have a terminal illness and if he is able to tolerate surgical repair.

Figure 23-1
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Case Continued 

The patient’s ability to tolerate conventional open aneurysm repair should be
evaluated. Upon obtaining additional history, it is determined that the patient
requires elevation of his head on 2 pillows to sleep at night, he cannot ascend a
flight of stairs due to the onset of significant dyspnea, and he awakens 2 to 3
times a night to urinate. He has a 45 pack-year history of smoking, but discon-
tinued smoking 10 years ago. Physical examination demonstrates an 8-cm pul-
satile abdominal mass that is nontender. He has excellent femoral pulses bilater-
ally. His colostomy site from his prior abdominal-perineal resection is intact and
functioning well, and the loss of abdominal domain from his prior abdominal
surgery does not significantly limit his ambulation. He has 2+ pedal edema
without ulceration or evidence of venous insufficiency. 

Further cardiac and pulmonary evaluation is ordered. 

Report of Diagnostic Tests 

An echocardiogram and adenosine thallium stress test are performed. The pa-
tient is demonstrated to have global ventricular hypokinesis with a markedly re-
duced ejection fraction of 20%. There are fixed myocardial perfusion defects in
the left anterior and lateral wall regions, but no reversible perfusion defects. 

Pulmonary function tests indicate significantly reduced pulmonary capacity
and functional reserve with forced expiratory volume in 1 second (FEV1) of
0.9 L.

Recommendation

Several factors suggest that this patient will be at significantly increased risk for
morbidity and mortality if conventional AAA repair is performed. His cardiac
and pulmonary capacity is considerably reduced. In addition, the presence of a
stoma and the loss of abdominal domain make his a “hostile” abdomen and in-
crease the difficulty of conventional repair. Therefore, this patient should be
considered for endovascular repair of his AAA using a stent graft. 

Discussion
Anatomic evaluation is performed to determine if a stent graft will be successful
in excluding the aneurysm from the arterial circulation, thereby preventing
aneurysm rupture. To achieve aneurysm exclusion, undilated arterial areas must
be present proximal and distal to the aneurysm. These fixation zones in the im-
mediate infrarenal aorta proximally and common iliac arteries distally allow for
sealing of the aneurysm and prevent arterial flow into the aneurysm sac. An
undilated aortic segment at least 10 mm in length must be present distal to the
renal arteries. Excessive angulation of the pararenal aorta may also prevent ade-
quate stent graft fixation and sealing. Normal common iliac arteries must also
be present to achieve fixation and sealing in those regions. Alternatively, the
stent graft may be extended to the external iliac arteries; however, this requires
occlusion of the internal iliac arteries that may be associated with ischemic
complications of the pelvis and gluteal region. The vessels used to access the
aorta must also be of an adequate caliber to allow passage of the endovascular
stent graft. Typically, this is carried out from the femoral arteries through the ex-
ternal iliac arteries. 
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The current patient undergoes a contrast-enhanced spiral CT scan with im-
ages obtained at 2.5-mm intervals to allow measurement of the proximal aortic
and common iliac artery diameters. Three-dimensional reconstruction of the CT
scan can be used to determine the length of the arterial segment that is to be ex-
cluded by the stent graft. That is the distance from the distal-most renal artery
to the bifurcation of the common iliac arteries bilaterally. Alternatively, length
may be determined using contrast angiography performed with a calibrated
catheter with radiopaque marks at 1-cm intervals. These measurements are used
to determine the length of the stent graft.

� CT Scan and Angiogram
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Figure 23-2

Figure 23-3

CT Scan and Angiogram Report

The proximal aortic fixation zone is determined to be 25 mm in diameter and
18 mm long. The common iliac arteries are 14 mm in diameter, and the distance
from the renal ostia to the iliac bifurcations is 147 mm on the right and 152 mm
on the left.



Case Continued

The most appropriate course of management for the treatment of this patient is
endovascular AAA repair. He possesses arterial anatomy that will allow success-
ful exclusion of the aneurysm by placement of a stent graft. He exhibits multi-
ple factors that would place him at increased risk for conventional repair. He has
a large AAA and no terminal conditions, so he is likely to die from aneurysm
rupture if repair is not performed.

� Surgical Approach

Repair is performed in the operating room on a radiolucent table. The patient
may receive local, epidural, or general anesthesia. Because he exhibits signifi-
cant pulmonary disease, regional anesthesia without the requirement for intu-
bation is preferable. The abdomen and legs are prepared in a sterile manner in
the event that conversion to open repair becomes necessary. It is likely to be of
value to exclude the stoma site from the sterile field. Exposure of the common
femoral arteries is performed bilaterally, and an angiographic guide wire is intro-
duced into the abdominal aorta. A flush catheter is placed in the aorta over the
wire to allow the performance of angiography. A stiff guide wire is placed
through a selective angiographic catheter from the contralateral femoral artery.
After administration of systemic anticoagulation, an arteriotomy is created at
the site where the stiff guide wire is introduced. The main body of the stent graft
is brought into position in the aorta over the stiff guide wire and deployed in
the infrarenal aorta. The short contralateral limb of the main body of the stent
graft is then cannulated from the opposite femoral access site using a guide wire.
A pigtail catheter is tracked over the guide wire and spun within the stent graft
to confirm intraluminal position. A second stiff guide wire is then brought
through the short contralateral limb and the contralateral iliac delivery system
is tracked into position through the contralateral femoral arteriotomy site. After
deployment of the contralateral iliac limb, completion angiography is per-
formed to ensure complete exclusion of the aneurysm.

Case Continued 

The patient tolerates the procedure well. Completion angiography demonstrates
no evidence of aneurysm perfusion or endoleak, and the patient is discharged to
home on the first postoperative day. He is enrolled in a standard follow-up
imaging protocol, with contrast CT scans to be obtained within 30 days, at 6
months, at 1 year, and annually thereafter. Contrast CT scans obtained at 30
days and 6 months show no aneurysm perfusion or endoleak. The 1-year fol-
low-up scan is depicted in Figure 23-4. 
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� CT Scan 
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Figure 23-4

CT Scan Report

At 1-year follow up, contrast is seen perfusing the aneurysm sac.

Discussion
If surveillance imaging demonstrates arterial flow into the aneurysm sac, addi-
tional measures must be taken to determine the source of the continued perfu-
sion. The CT scan may suggest the location of the source of the endoleak, with
small endoleaks located posteriorly being suggestive of a lumbar arterial source.
Endoleaks that originate from patent collateral branches of the aneurysm, in-
cluding the lumbar and inferior mesenteric arteries, generate retrograde perfu-
sion and have been classified as type II endoleaks.

Contrast that can be traced to the proximal or distal fixation sites of the
stent graft may be more suggestive of an attachment site endoleak. Perfusion
that originates from incomplete fixation or incomplete sealing at the attach-
ment site results in antegrade flow into the aneurysm. These endoleaks have
been classified as type I endoleaks. Antegrade endoleaks may also originate from
the junction site between stent graft components. These are classified as type III
endoleaks.

Antegrade endoleaks (types I and III) result in the transmission of systemic
pressure to the aneurysm sac and lead to continued aneurysm expansion and
rupture. Therefore, they mandate treatment at the time of diagnosis. The pres-
sure and force generated by retrograde-collateral endoleaks (type II) is not
known and their natural history is not well established. However, most investi-
gators recommend correction if they are persistent and are associated with con-
tinued aneurysm growth.

With the appearance of a new endoleak, steps should be taken to determine
its source. These may include duplex ultrasound, cine magnetic resonance imag-
ing (MRI), and contrast angiography. Duplex ultrasound may be useful to con-
firm the presence of flow in the aneurysm and often may suggest the likely
source of the flow. Cine MRI is a relatively novel technique that allows the
gadolinium contrast bolus to be followed, to determine the source and direction
of arterial flow. Definitive establishment of the source of an endoleak most fre-
quently requires performance of a contrast arteriogram.

Angiography can also be used as a therapeutic modality, particularly in cases
of retrograde endoleaks. In these cases, coil embolization or other occlusive



measures may be used to thrombose the source vessel of the endoleak. Type II
endoleaks frequently require both an inflow and an outflow collateral branch
vessel, so efforts should be made to identify and treat these multiple aneurysm
side branches. Coil embolization of type I endoleaks has also been reported;
however, it is unclear that this is effective in eliminating arterial pressure or the
risk of aneurysm rupture.

■ Angiogram 
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Figure 23-5(A) (B) (C)

Angiogram Report 

Anterior-posterior (Fig. 23-5A), lateral (Fig. 23-5B), and selective (Fig. 23-5C)
angiograms demonstrate continued arterial perfusion originating from the
proximal attachment site, a proximal type I endoleak. 

Recommendation

Antegrade endoleaks (type I and III) may be successfully treated by placement of
an extension stent graft. In this case, there is sufficient undilated aorta distal to
the renal ostia to allow successful placement of a proximal extension stent graft.
This is the best treatment for this elderly patient with multiple comorbid ill-
nesses. If a sufficient proximal aortic fixation region is not present, then conver-
sion to standard aneurysm repair must be considered as the definitive treatment.
Use of embolic material to seal proximal endoleaks has not been demonstrated
to be effective in preventing aneurysm rupture and cannot be recommended. 

This case demonstrates the importance of continued surveillance of patients
after endovascular stent graft repair of AAA. When endoleaks are observed, further
evaluation and intervention is necessary to prevent possible aneurysm rupture. 

Suggested Readings (see Case 24)



Presentation 

The patient is a 78-year-old man who presents with 36 hours of increasingly se-
vere pain in the left flank, radiating to the left lower quadrant. The patient
states that he has undergone repair of an abdominal aortic aneurysm (AAA) 18
months previously. On physical examination, the patient is alert and oriented;
he is tachycardic to 104 beats per minute with a blood pressure of 127/89 mm
Hg. His abdomen is mildly distended. A large pulsatile mass is palpable with se-
vere tenderness in the left lower quadrant. There is no flank ecchymosis. There
are no abdominal incisions or scars. There are well-healed transverse groin inci-
sions bilaterally. A computed tomography (CT) scan is recommended. 

� CT Scan 
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Figure 24-1 CT scan report. Large AAA
with endograft inside of aorta. A large
amount of retroperitoneal blood is pres-
ent, suggestive of a ruptured AAA.

Differential Diagnosis

The patient presents with tachycardia, acute abdominal findings, and a pulsatile
mass; however, he reports having undergone prior abdominal aortic aneurysm
repair. The differential should therefore include ruptured abdominal aortic
aneurysm, but should also include diverticulitis, renal lithiasis, intestinal perfo-
ration, pancreatitis, and spontaneous retroperitoneal hematoma, and may also

Peter L. Faries, MD, Rajeev Dayal, MD, Scott Hollenbeck, MD,
Albeir Mousa, MD, and K. Craig Kent, MD



include rare aneurysms, including splenic and other visceral artery aneurysms
and para-anastomotic aneurysm with or without infection. In this instance, the
physical examination is consistent with a ruptured AAA despite prior endovas-
cular aneurysm repair.

Discussion
Endovascular AAA repair is performed transarterially through remote arteri-
otomy sites, most commonly in the femoral arteries. An arterial prosthesis com-
prised of self-expanding stents and prosthetic graft material (an endovascular
stent graft) is introduced through the aneurysm, creating a new arterial lining.
Success of the repair depends on exclusion of the aneurysm from the arterial cir-
culation, and therefore from arterial pressurization.

Continued arterial perfusion of the aneurysm sac after endovascular repair
has been termed an endoleak. Endoleaks result in continued pressurization of the
aneurysm sac. The significance of the continued perfusion is determined by the
source of the endoleak. Endoleaks that result in direct arterial flow into the
aneurysm sac cause systemic pressurization of the aneurysm. These leaks may
occur at the sites of attachment of the stent graft to the native arterial wall, the
seal, or implantation zones. Direct antegrade endoleaks may also occur at junc-
tion sites between different endovascular stent graft components.

Systemic pressurization resulting from direct antegrade endoleaks has been
associated with continued aneurysm expansion and rupture. As a result, radio-
logic imaging follow-up protocols have been used to assess the success of the en-
dovascular repair. CT scans with intravenous contrast enhancement have been
the most commonly employed follow-up study. These are typically performed 1,
6, and 12 months after the procedure and then annually thereafter. 

If contrast material is visualized within the aneurysm sac by CT scan, fur-
ther evaluation to determine the source of the continued perfusion may be un-
dertaken. Although duplex ultrasound and magnetic resonance imaging have
been used, the most commonly definitive test is contrast angiography. These
studies may then be used to determine the most appropriate secondary inter-
vention for correction of the endoleak. When an untreated or unrecognized en-
doleak results in aneurysm rupture, immediate surgical intervention is necessary
to prevent exsanguination and death. 

Recommendation

Immediate surgical intervention. Several approaches may be used, including
placement of an occlusion balloon in the aorta proximal to the aneurysm, im-
mediate standard surgical repair, and endovascular aneurysm repair.

� Surgical Approach

The patient is brought emergently to the operating room. Prior to induction of
anesthesia, wide sterile preparation including the chest, abdomen, and proxi-
mal legs is performed and monitoring instrumentation is positioned. Conven-
tional repair of elective abdominal aortic aneurysms is described in Chapter 22.
Some modification may be necessary when an endovascular stent graft has been
placed previously. Temporary control of the supraceliac aorta is frequently nec-
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essary. Dissection of the supraceliac aorta may be carried out by transecting the
triangular ligament of the left lobe of the liver to allow its mobilization to the
right. The lesser sac is entered through the lesser omentum. The right crux of
the diaphragm is bluntly or sharply dissected, and the esophagus is mobilized to
the left to expose the underlying aorta. An atraumatic vascular clamp is placed
to establish supraceliac control of the aorta. 

When the proximal or distal fixation of the stent graft is intact, or when
these graft elements are fixed to the arterial wall and cannot be removed, the
stent graft may be transected and the conventional graft may be anastomosed
directly to the fixed portion of the stent graft. This approach provides a more
rapid solution while avoiding injury to the arterial segment to which the stent
graft is fixed. It also avoids the need for more extensive arterial dissection.

Placement of an occlusion balloon in the proximal abdominal aorta may
provide more rapid vascular control while avoiding uncontrolled dissection of
the retroperitoneum that can contribute to catastrophic hypotension. Place-
ment may be carried out through a left brachial approach. In the operating
room, on a fluorolucent table, the left arm is prepared in a sterile fashion in ad-
dition to the other anatomic areas. Dissection of the brachial artery is carried
out and an introducer sheath is placed. A wire is directed into the infrarenal
aorta, and the occlusion balloon is tracked over the wire into position proximal
to the aneurysm. Alternatively, the contralateral femoral artery may be used for
balloon access. Inflation of the occlusion balloon is performed with dilute con-
trast material to allow its visualization during inflation. Once aortic occlusion
has been obtained, either conventional or endovascular aneurysm repair may be
undertaken with greater hemodynamic control.

Endovascular repair of ruptured infrarenal abdominal aortic aneurysms may
be performed in the setting of a prior endovascular repair or in a patient who
has not undergone prior repair. The use of local anesthesia may avoid signifi-
cant hemodynamic fluctuations that can be associated with general anesthesia;
however, the anesthesiologist must be prepared to intubate if the patient should
become hemodynamically unstable or if respiration ceases. 

After administration of local anesthesia, dissection of the femoral arteries is
performed in the typical manner. Arterial access is obtained, and a flush catheter
is introduced into the abdominal aorta over a guide wire. Angiography is em-
ployed to determine the length of endovascular stent graft to be used. The
choice of stent graft diameter is made on the basis of the CT scan measurements
of the proximal infrarenal aorta and the iliac arteries. A bifurcated aortoiliac
graft may be used if the patient is hemodynamically stable and immediate ex-
clusion of the aneurysm is not critical. However, if the patient is hypotensive,
an aortouniiliac stent graft may be placed with subsequent performance of a
femorofemoral bypass. In these instances, occlusion of the contralateral com-
mon iliac artery is necessary to prevent retrograde perfusion of the aneurysm
sac. If an occlusion balloon is inflated, it may be necessary to deflate the aortic
occlusion balloon during placement of the stent graft to allow visualization of
anatomic structures, such as the renal and internal iliac arteries and the aortic
and iliac implantation zones.

In cases of endovascular treatment of ruptured aneurysms, a CT scan should
be obtained within the first 24 hours to ensure that the aneurysm has been
completely excluded and that no endoleak is present. The patient should then
be observed using a standard radiographic protocol.
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Presentation

A 63-year-old man presents to the emergency department with complaints of
abdominal pain. He reports intermittent sharp pain over the past several
months that have become increasingly more intense in character over the past
several days. The pain is centrally located with radiation to his mid back. He
denies alleviating or exacerbating characteristics. Further discussion reveals the
presence of occasional low-grade fevers and a 5-pound weight loss. A family his-
tory of abdominal aortic aneurysms is present. He smokes heavily and has mar-
ginally controlled hypertension. His physical examination demonstrates an
afebrile, hemodynamically stable male in moderate discomfort. His blood pres-
sure is equal bilaterally and pulses are fully palpable in all extremities. His ab-
domen is mildly tender in the epigastric region without radiation or frank peri-
toneal signs. He reports mild costovertebral angle (CVA) tenderness.

Differential Diagnosis

The broad differential for these findings requires an initial focus on the poten-
tially life-threatening possibilities. In addition to the obvious vascular system di-
agnoses of a ruptured abdominal aortic aneurysm (AAA) or acute aortic dissec-
tion, a perforated viscous, mesenteric ischemia, or intestinal volvulus must also
be considered. Although not immediately threatening, the low-grade tempera-
tures, CVA tenderness, and weight loss could direct the diagnosis toward a neo-
plastic cause. Furthermore, this constellation of symptoms is frequently seen in
patients with nephrolithiasis or ureterolithiasis. An inflammatory AAA is realis-
tically very low on the differential. Inflammatory AAAs constitute approxi-
mately 5% of all abdominal aortic aneurysms.

Discussion
This patient’s presentation requires a high index of suspicion and an aggressive
diagnostic work-up to rule out a potentially life-threatening diagnosis. In addi-
tion to timely laboratory studies (chemistries and complete blood count), the
current speed and detail of spiral computed tomography (CT) scanners makes
an intravenous contrast scan the first imaging modality of choice. An aortic cat-
astrophe can be ruled out with reasonable certainty. If present, additional intra-
abdominal pathologies are often evident from these high-quality reformattable
images. Although magnetic resonance arteriography (MRA) has demonstrated
superiority in diagnosing periaortic inflammation, the current logistics and time
required to obtain magnetic resonance imaging (MRI) scans favor obtaining a
CT scan in most institutions. 
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� CT Scan
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Figure 25-1 Note the eccentric reaction occurring
around this inflammatory aneurysm.

CT Scan Report

CT scan demonstrates a 6-cm infrarenal AAA, with significant anterior and lat-
eral aortic wall thickening and relative sparing of the posterior aorta. There is
marked bilateral hydronephrosis and hydroureter with apparent retroperitoneal
fibrotic involvement of the ureters. There is no clear evidence of aortic sac hem-
orrhage or extravasation. 

Reports of Laboratory Tests 

The patient’s complete blood cell count (CBC) is normal, but he is noted to have
an elevated erythrocyte sedimentation rate (101 seconds), blood urea nitrogen
(34 mg/dL), and creatinine (1.8 mg/dL). 

Diagnosis 

Inflammatory abdominal aortic aneurysm (IAAA). 

Discussion
Frequently associated back pain and abdominal tenderness with aortic palpa-
tion in patients with inflammatory aneurysms often invokes concern for a leak
or rupture. The rupture rate for IAAAs, however, is actually no greater than a
similar size-matched noninflammatory aneurysm. If the clinical picture or CT
scan suggests leak or rupture, the work-up is complete. In the absence of an
emergent situation, however, appropriate treatment requires an understanding
of this variant of abdominal aneurysms. 

Walker and colleagues are attributed with the first publication describing in-
flammatory aneurysms in 1972. It is difficult to ascertain if this pathology is an
entirely separate entity or an advanced spectrum of typical aneurysms. Evidence
continues to accumulate that demonstrates the involvement of an inflamma-
tory, cytokine-mediated pathogenesis to the aorta’s aneurysmal degeneration.
McMillan and Pearce present a pathway of atherosclerotic accumulation with



focal inflammation at the level of the intima that then shifts to an inflamma-
tory process in the media and adventitia of the vessel wall. They suggest that
this inflammation involves a trigger of some type (eg, immunologic, hemody-
namic) that stimulates an imbalance between matrix metalloproteinase (MMP)
and tissue inhibitors of metalloproteinase (TIMP). This imbalance then leads to
aortic wall degeneration and aneurysmal formation. 

There is also a growing link between inflammatory aneurysms and systemic
autoimmune inflammatory syndromes. Although the erythrocyte sedimenta-
tion rate (ESR) and C-reactive protein (CRP) values may not be diagnostic, an el-
evated ESR or CRP level can be found in 20% to 80% of affected patients. This
nonspecific test tends to be a general marker of systemic inflammation. Haug et
al. found a higher incidence of autoimmune disease in patients with inflamma-
tory aneurysms when compared to standard aneurysm control patients. Sys-
temic lupus erythematosus (SLE), rheumatoid arthritis, polyarthritis, and giant
cell arteritis were found in 19% of their patients who had inflammatory changes
to their aneurysms. Furthermore, they suggest a genetic influence on the devel-
opment of inflammatory aneurysms. This is supported by work from Rasmussen
et al., who found a statistically significant difference in the presence of an HLA-
DR allele on chromosome 6 in patients with IAAA when compared with control
patients having typical degenerative aneurysms. Finally, there is a clear familial
pattern of inheritance between patients with an HLA-B27 allele and ankylosing
spondylitis. When aneurysmal formation does occur in these patients, the his-
tologic structure of the aortic wall demonstrates an abundant infiltration of
lymphocytes with concurrent destruction of the vessel wall’s elastic fibers, simi-
lar to the changes seen in inflammatory aneurysms. 

On gross examination, IAAAs have a pearly white, often densely fibrotic ap-
pearance, usually involving the anterior and lateral surface of the aorta more so
than the posterior wall. This process will often involve periaortic structures in-
cluding the ureters, vena cava, left renal vein, and duodenum. It is interesting
that after repair of the aneurysm, the fibrosis may diminish by more than 50%
when compared to preoperative thickness. Ureteral involvement often results in
partial obstruction with resultant hydroureter or hydronephrosis. Fortunately,
at least 40% of those patients with unilateral hydronephrosis demonstrated a
significant reduction in the amount of obstruction following aneurysm repair.
For the remaining 60% of patients with no change or an increase in obstruction,
their post-renal obstructive picture did not have any associated deterioration in
renal function at 10 months’ follow-up. 

Recommendation

Whether or not inflammatory aneurysms are a separate entity or an exaggerated
response of the periaortic tissues, the decision to treat should be based on the
same factors used to treat patients with typical degenerative-type aneurysms.
The estimated rupture risk, operative risk, and life expectancy will all influence
the decision to intervene. Additionally, concerning aortic characteristics such as
periaortic edema, pain, and involvement of surrounding structures may prompt
a more aggressive management strategy. Many inflammatory aneurysms are re-
paired urgently or emergently due to the inability to rule out acute expansion
and imminent rupture. 

This patient’s CT scan and laboratory values indicate the presence of an in-
flammatory aneurysm with periureteral involvement and secondary hydrone-
phrosis. Although the aneurysm does not appear to be leaking at this time, the
progressive nature of his pain is a matter of concern. If all other potential
sources of his pain can be ruled out, it is reasonable to recommend an urgent re-
pair of his aneurysm.
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� Approach

The operative approach to this patient should have 2 primary objectives: (1) ef-
fectively replace the aneurysm with a prosthetic conduit, and (2) manage the
secondary fibrotic complications. In this patient, the fibrotic complications are
bilateral hydroureter and hydronephrosis. 

Until the advent of endovascular AAA repair, open AAA repair was the only
feasible option for aneurysm replacement. Because the periaortic reaction usu-
ally involves the anterior and lateral surface of the aorta, a retroperitoneal ap-
proach is often recommended. This theoretically allows an approach to the pos-
terior-lateral aorta in an attempt to minimize dissection through the dense
fibrotic reaction. This advantage is tempered by the limits of accessibility to the
right ureter, iliac artery, and duodenum. Regardless of the approach, these
aneurysms are technically demanding. This is evident by the significantly in-
creased operating-room time and blood product utilization associated with
these repairs. Furthermore, although the fibrosis may provide a good substance
to the aortic wall to hold sutures, the anastomoses may require reinforcement
with Teflon pledgets or polytetrafluoroethylene (PTFE) strips to prevent a late
and catastrophic dehiscence. However, the overall patient mortality for open
management of inflammatory aneurysms is similar to that of patients with stan-
dard degenerative aneurysms.

An endovascular repair in an appropriately chosen candidate is an inviting
alternative. It obviates the need for dissection in difficult surgical planes, and re-
moves the need for hand-sewn anastomoses to tissues of questionable quality.
There are growing case reports of successful endovascular approaches to these
aneurysms. Recent generations of stent grafts with improved proximal fixation
devices and overall durability will likely become the approach of choice in the
near future. As discussed earlier, the periaortic inflammation associated with
these aneurysms has the unique characteristic of regressing in a large proportion
of patients after the repair of the aneurysm. It is currently accepted that primary
management of surrounding organ involvement is not necessary at the time of
the aortic repair. Diligent observation will often demonstrate resolution of the
inflammation and, frequently, the effects on the end organ. The resolution of fi-
brosis is seen after both open and endovascular repairs. 

The use of perioperative anti-inflammatory medicines is controversial. The
literature has several reports of trials using medications, including nonsteroidal
anti-inflammatory drugs (NSAIDs), glucocorticoids, and intense immunosup-
pressant chemotherapeutic medications, such as cyclophosphamide and aza-
thioprine. Although there is evidence that anti-inflammatory medications may
alleviate some of the inflammatory burden, the relatively benign natural history
of the inflammatory reaction associated with these aneurysms indicates that a
period of observation, as mentioned earlier, is the initial recommendation. If
symptoms of obstruction persist, it is then reasonable to pursue medical treat-
ment. If this approach also fails, an additional intervention may be necessary,
such as ureterolysis, stent placement, or intra-abdominal lysis of adhesions.
Nitecki et al. make a point of stressing the importance of an appropriate follow-
up imaging regimen to avoid long-term complications of end-organ damage,
such as renal atrophy from chronic ureteral obstruction. 

� Surgical Approach

In the context of progressive abdominal pain, the ability to repair the aneurysm
while avoiding the hostile periaortic dissection makes an endovascular repair
the approach of choice. The significant bilateral hydronephrosis with concomi-
tant decrement in renal function warrants perioperative placement of ureteral
stents to relieve the acute obstruction. 
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This patient, however, was not a candidate for an endovascular approach
secondary to anatomic considerations. Therefore, a left retroperitoneal ap-
proach was utilized to expose the aneurysm. The stented, enlarged ureters were
readily recognized and avoided. No ureterolysis was performed. In the operating
room, after proximal and distal control was obtained, healthy aorta was isolated
to perform the anastomosis. Teflon pledgets were used to reinforce the anasto-
moses. The remainder of the procedure followed standard aortic surgery tech-
niques. A supraceliac cross clamp may be utilized if the pararenal aorta is in-
volved in the inflammatory process. In situations where acute expansion or
impending rupture is suspected, an anterior approach is often the approach of
choice. Because the duodenum and renal vein may be involved in the dense in-
flammation, it is best to perform an endoaneurysmal repair that minimizes the
lateral aortic dissection and limits the hemitransection of the proximal aorta for
the anastomosis. 

Recommendation

Postoperative management will consist of repeat laboratory tests and CT scans
at 6 and 12 weeks. Further management depends on the resolution or progres-
sion of symptoms associated with the periaortic inflammation. 
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Presentation

A 57-year-old man with no significant past medical history presents to an out-
side emergency department complaining of sharp, tearing back pain that is un-
relenting in nature. The patient is found to have a blood pressure of approxi-
mately 180/95 mm Hg in both arms and is in obvious distress. He is treated with
intravenous morphine, with slight improvement in his pain. The patient denies
abdominal pain. He has a normal electrocardiogram (ECG). His laboratory val-
ues are remarkable for a hematocrit of 39%, a creatinine of 3.2 mg/dL, and no
troponin leak. Given the significant elevation in creatinine in the setting of
chest pain, the emergency department physician is concerned about an acute
aortic dissection. Magnetic resonance angiogram (MRA) is not available at the
small outside hospital on an emergency basis. Therefore, the patient is started
on a Nipride drip and med-flighted to your institution. An emergency aortic
MRA is ordered. Progressive azotemia is noted in the setting of oliguria. 

� Aortic MRA
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MRA Report

A Stanford B or type III aortic dissection (arrow) beginning just distal to the left
subclavian artery and extending through the abdominal aorta. In addition,
there is aneurysmal dilatation of the descending thoracic and abdominal aorta.
The descending thoracic aorta measures between 3.6 and 3.8 cm. At the level of

Figure 26-1 
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the diaphragm, the aorta measures 4 cm. In the infrarenal location, the aorta
measures 4 cm with significant thrombus. The true lumen supplies the celiac
artery, the superior mesenteric artery, and the right renal artery, whereas the
false lumen supplies the left kidney. Both kidneys appear to be equally perfused.

Differential Diagnosis

The differential diagnosis for a patient presenting with the acute onset of sharp
or ripping back pain in a patient with hypertension includes myocardial infarc-
tion, esophageal disease, gastroesophageal reflux, and aortic dissection. Given
the MRA findings, the diagnosis of an acute Stanford B thoracic aortic dissection
is confirmed.

Discussion
Diseases of the aorta, including aortic dissection, are the 14th leading cause of
death in the United States. Knowledge of dissections is therefore important be-
cause it is one of the most serious and common diseases affecting the aorta. If
unrecognized, acute aortic dissections are often fatal. Aortic dissections occur
when a tear in the aortic wall is perpetuated along the length of the aorta allow-
ing blood to forcefully separate the layers of the vessel wall. Typically, aortic dis-
sections or tears occur from the intima into the media, creating a true and false
lumen. 

Aortic dissections are classified based on both their anatomic location and
the time from onset. Anatomically, a Stanford A dissection involves the ascend-
ing aorta and possibly aortic valve, whereas a Stanford B dissection involves the
descending thoracic aorta, distal to the subclavian artery. Aortic dissections are
classified as acute (less than 14 days) or chronic (greater than 14 days) based on
the time from the onset of symptoms. 

Predisposing factors associated with an aortic dissection include hyperten-
sion, bicuspid aortic valve, coarctation of the aorta, and connective tissue disor-
ders (Marfan and Ehlers-Danlos syndromes) and cocaine abuse. Intra-aortic
catheterization and a history of cardiac surgery, particularly aortic valve replace-
ment, are also associated with an increased incidence of aortic dissection. 

The classic clinical presentation in a patient with an acute aortic dissection
consists of the sudden onset of severe pain, often described as ripping or tearing,
radiating to the interscapular or back region. Typically, this occurs in late mid-
dle-aged men, similar to the present patient. 

Recommendations

Given the diagnosis of an acute type B thoracic aortic dissection in the setting of
worsening azotemia, an arteriogram is indicated to better determine the exact
anatomy of the dissection. More importantly, attempts at aortic fenestration or
stent grafting can be performed if pressure gradients can be determined in the
renal arteries. In addition, a transesophageal echocardiogram (TEE) is ordered.

TEE Report

Normal aortic valve with no wall motion abnormalities in either the right or left
ventricle. A Stanford B dissection is noted just distal to the left subclavian artery. 
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Case Continued

Both groins were prepped and draped in the usual sterile fashion, and the skin
and subcutaneous tissues over the common femoral arteries were infiltrated
with 1% lidocaine for local anesthesia. Initially, the right common femoral
artery was punctured. The puncture tract was dilated to a 7 French sheath over a
wire. Subsequently, the left common femoral artery was punctured and the
puncture tract was dilated to accommodate a 10 French sheath over a guide
wire. Initially, intravascular ultrasound was performed from the arch to the iliac
arteries. A selective arteriogram of the superior mesenteric artery, bilateral renal
arteries, the true lumen, and false lumen of the aortic dissection was also per-
formed. Pressure measurements were obtained at each level. A dynamic obstruc-
tion due to complete collapse of the visceral arteries was noted during the car-
diac cycle. Both the celiac artery and the superior mesenteric artery originate
from the true lumen of the dissection. The right renal artery comes off the true
lumen as well, but the left renal artery comes off the false lumen. In addition to
the aortic dissection, multiple severe stenotic lesions are demonstrated in divi-
sional and segmental branches of bilateral renal arteries. In addition, there is
aneurysmal dilatation of the distal infrarenal aorta with partial clot formation,
particularly in the false lumen. The true lumen shows severe elastic recoil and
collapse of the true lumen at the level of the renal arteries. 

Although no significant pressure gradient was noted between the true and
false lumen of the aorta, there was a curtain-type collapse of the origin of the
visceral arteries. Subsequently, a fenestration was performed at the level of the
superior mesenteric artery as well as at the level of the renal artery origins (Fig.
26-2A). Stenting of the completely collapsed infrarenal abdominal aorta was
performed (Fig. 26-2B).

� Angiogram
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Figure 26-2A and B
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Angiogram Report

Given the curtain-type collapse of the abdominal aorta at the level of the renal
arteries, 2 fenestrations with 16-mm balloon dilatation catheters were per-
formed at the level of the renal arteries (arrow) and at the level of the superior
mesenteric artery-celiac artery (Fig. 26-2A). Following this, however, there was
continued collapse of the true lumen at the level of the renal arteries. Therefore,
a Wallstent (arrow) measuring 40 mm × 4 cm was placed in the infrarenal ab-
dominal aorta (see Fig. 26-2B). 

Diagnosis

Malperfusion of visceral and renal arteries secondary to acute Stanford B dissec-
tion.

Case Continued

Following diagnosis and treatment of malperfusion of the visceral and renal ar-
teries, the patient was admitted to the intensive care unit and started on a beta-
blocker and Nipride to control his heart rate and blood pressure. The patient
was pain free following fenestration, suggesting that the acute pain he experi-
enced was from his acute dissection, rather than from his small abdominal aor-
tic aneurysm. The patient was discharged to home on post-fenestration day 7
on appropriate antihypertensive medications. 

Recommendation

At 4-year follow-up, the patient’s renal function has not worsened and remains
approximately 3.5 mg/dL. The patient undergoes yearly MRAs to follow his tho-
racic and abdominal aortic diameter, with no significant expansion of either
noted to date. 

Discussion
Because malperfusion doubles the mortality of aortic dissection, prompt restora-
tion of blood flow to critical vessels is necessary. For type A dissections, open
aortic reconstruction is approximately 95% effective in reversing branch artery
obstruction. However, prolonged malperfusion with evidence of end-organ is-
chemia may contraindicate immediate open repair. For type B dissections, med-
ical treatment is indicated unless, as in this patient, there is malperfusion, unre-
lenting chest pain, or expansion of the false lumen.

Aortic dissection causes malperfusion by 2 principal mechanisms, which are
determined by the relation of the dissection flap to origins of critical aortic
branches, and which require different modes of treatment. When the dissection
flap enters a critical branch artery and occludes the lumen (static obstruction),
treatment consists of stenting the vessel open. When the dissection flap lies
across a vessel origin like a curtain (dynamic obstruction), treatment consists of
creating a hole (fenestration) in the flap to allow pressure equilibration and
blood flow between the 2 lumens. This patient had malperfusion due to both
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mechanisms. The short-term outcome of these patients is determined by the is-
chemic damage sustained by the obstructed organ prior to restoration of flow,
and to false lumen rupture in those patients whose aortic reconstruction has
been delayed while recovering from the reperfusion injury.

Suggested Readings

130 Case 26

Cambria RP, Brewster DC, Gertler J, et al. Vascu-
lar complications associated with sponta-
neous aortic dissection. J Vasc Surg. 1988;7:
199-209. 

Deeb GM, Williams DM, Quint LE, Monaghan
HM, Shea MJ. Risk analysis for aortic surgery
using hypothermic circulatory arrest with
retrograde cerebral perfusion. Ann Thorac
Surg. 1999;67:1883-1886. 

Hagan PB, Nienaber CA, Isselbacher EM, et al.
The International Registry of Acute Aortic
Dissection (IRAD). New insights into an old
disease. JAMA. 2000;283:897-903.

Klompas M. Does this patient have an acute
aortic dissection? JAMA. 2002;287:2262-
2272.

Nienaber CA, Eagle KA. Aortic dissection: new
frontiers in diagnosis and management. Part
1: From etiology to diagnostic strategies. Cir-
culation. 2003;108:628-635. 

Williams DM, Lee DY, Hamilton BH, et al. The
dissected aorta. Percutaneous treatment of
ischemic complications: Principles and re-
sults. J Vasc Interven Radiol. 1997;8:605-625.

Williams DM, Lee DY, Hamilton BH, et al. The
dissected aorta: III. Anatomy and radiologic
diagnosis of branch-vessel compromise. Ra-
diology. 1997;203:37-44. 



Presentation

A 64-year-old woman presents to your office for consultation on treatment op-
tions for an asymptomatic enlarging abdominal aortic aneurysm (AAA). Five
years prior, she suffered a myocardial infarction and underwent coronary artery
bypass grafting. Her past surgical history also includes 3 prior laparotomies for a
hysterectomy and two subsequent bowel obstructions. She has a 50-pack year
history of smoking cigarettes and continues to smoke despite medical counsel-
ing on smoking cessation. She has a known AAA that was incidentally noted on
plain radiographs performed for lower lumbar pain 3 years prior. Most recently,
on an outside computed tomography (CT) scan the aneurysm was noted to have
increased from 5.5 cm to 6.8 cm in maximum anteroposterior (AP) diameter
over 6 months. She denies any symptoms of abdominal, back, or flank pain, or
pain with ambulation, but she lives a sedentary life.

On physical examination, a nontender AAA can be palpated. Her femoral
pulses are decreased, but palpable. Her peripheral pulses are not palpable; how-
ever, there is good capillary refill with no edema, ulceration, or tissue loss. The
rest of her physical examination is unremarkable. She inquires whether she may
be a candidate for a “stent-graft” repair of her AAA. 

Her medical records contain results of a Persantine stress thallium test from
approximately 3 weeks ago that indicate an abnormal myocardial scar involving
the inferolateral region of the left ventricle, but no evidence of reversible my-
ocardial ischemia. The laboratory examinations are normal, including blood
urea nitrogen (BUN) of 14 mg/dL and creatinine level of 0.6 mg/dL.

� CT Angiogram of the Abdomen, Axial Images 
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Figure 27-1 (A) Celiac axis (B) Superior mesenteric artery (SMA) (C) Right renal
artery (R-RA) (D) Between R-RA and left renal artery (L-RA) (E) L-RA(F) 3 mm distal to
the L-RA (G) Maximum AAA AP diameter; the superimposed mark measures a diameter
of 6.76 cm.
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CT Angiogram Report

Outside CT angiogram report suggests the presence of a pararenal AAA measur-
ing 6.8 cm in maximum diameter. The proximal extent of the AAA appears to
extend to the level of the left renal artery and distally to the aortic bifurcation.
Fine cuts are not available.

Differential Diagnosis

Abdominal aortic aneurysms are often diagnosed incidentally with radiographic
imaging such as plain radiographs, ultrasounds, CT scans, or magnetic reso-
nance imaging obtained for other reasons. Patients commonly have intermit-
tent abdominal, flank, lower back, or hip pain that prompted the imaging stud-
ies. However, such nonspecific signs and symptoms may not be specifically
related to the presence of an aortic aneurysm, and therefore the diagnoses rest
mostly on accurate radiographic imaging. Physical examination may also reveal
a palpable pulsatile abdominal mass. 

Most AAAs remain asymptomatic until they present with contained or free
rupture, which is commonly associated with sudden severe abdominal or back
pain and syncope. An overall mortality of close to 90% occurs in patients with
ruptured AAAs. In these acute presentations, the key differential diagnoses are
aortic dissection and acute myocardial infarction. 

� Approach

Based on the patient’s history of an expanding abdominal aortic aneurysm, the
films are reviewed in detail to determine whether the aneurysm is infrarenal,
pararenal, suprarenal, thoracoabdominal, associated with iliac or other aortic
branch aneurysms, associated with aortic dissection, or associated with arterial
occlusive disease. 

Recommendation

The abdominal CT angiogram suggests that the aneurysm extends cephalad to
the origin of the left renal artery. The axial images also suggest significant angu-
lation of the aorta, which may obscure a small length of normal aorta beneath
the renal arteries. A repeat CT scan with 3-dimensional reconstructions and in-
travenous contrast is recommended.
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3-Dimensional CT Scan Report

Axial CT scan with 3-dimensional reconstructions (A, anterior-posterior; B,
right-lateral; C, left-lateral; D, posterior-anterior) document a pararenal AAA. 

■ Approach

Because the aneurysm extends to the level of the left renal artery, the patient is
not a candidate for endovascular AAA repair using any of the currently available
endografts approved by the U.S. Food and Drug Administration (FDA). It is un-
clear whether the proximal aortic clamp can be placed between the renal arter-
ies, suprarenally, or in the supraceliac position. Significant thrombus is present,
along with calcium within the aorta (see Fig. 27-2A, B, D). Clamping above the
left renal artery, but below the right renal artery, would be ideal in this case;
however, you are concerned by the severe calcification (Fig. 27-2C) at this level.
Calcification such as this may injure the aorta at the clamp site and pose techni-
cal difficulties with suture placement and suture-line hemostasis. Ultimately,
the definitive optimal clamp site will be determined in the operating room on
direct observation and palpation of the aorta.

A pararenal AAA extends to the origin of one renal artery, sometimes more,
but does not include the visceral arteries. During open repair of a pararenal
AAA, the optimal proximal clamp is placed below one of the renals or between
the superior mesenteric artery and the highest renal artery. Distally, pararenal
aneurysms may be limited to the aorta or extend to one or both iliac arteries. In
addition, they may present in conjunction with an aortic dissection, aortoiliac
occlusive disease, and/or renal artery stenosis. In general, the indications for
surgical intervention for such associated pathology are the same as if the pathol-
ogy presented in isolation.

Recommendation

Based on decreased femoral pulses on physical examination and a history of pe-
ripheral arterial disease, baseline studies of lower extremities with bilateral lower
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Figure 27-2 (A) Anterior-posterior, (B) Right-lateral, (C) Left-lateral, (D) Posterior-anterior

■ CT Scan with 3-Dimensional Reconstructions 



extremity pulse volume recordings (PVRs) are recommended. The imaging is
completed with a noninvasive gadolinium-enhanced magnetic resonance an-
giography (MRA) of the abdomen and pelvis.

� Gadolinium-Enhanced MRA

134 Case 27

Figure 27-3

MRA Report

There are bilateral proximal common iliac artery stenoses and extremely
diminutive external iliac arteries bilaterally. A short segment occlusion (poten-
tially only a signal void from high-grade stenosis) of the left external iliac artery
is also noted. Note that the gadolinium only enhances flow and not the sur-
rounding thrombus, calcium, and dilated aortic wall. 

Case Continued

The lower extremity PVRs are consistent with physical examination and the
MRA findings. There is a significant gradient across the pelvic inflow vessels
with decreased pressures at the proximal thighs. There is also evidence of in-
frainguinal arterial occlusive disease. However, there is relative preservation of
pulsatile waveforms down to the ankles, with ankle-brachial indices over 0.6 bi-
laterally. 

Diagnosis and Recommendation

You diagnose a rapidly enlarging 6.8-cm pararenal, asymptomatic abdominal
aortic aneurysm. This pararenal AAA is associated with iliac occlusive disease.
Prompt elective open repair is recommended. 



Owing to the systemic nature of the vascular pathology present in this pa-
tient, a carotid ultrasound, echocardiogram, and pulmonary function tests are
ordered, though the decision to perform these tests is surgeon-specific.

Other Diagnostic Test Reports 

Carotid ultrasound: Hemodynamically significant stenoses of the cervical
carotid arteries are not present.

Echocardiogram: Preservation of the myocardial function with an ejection
fraction of 40%. 

Pulmonary function: Severe chronic obstructive pulmonary disease (COPD)
with forced expiratory volume in 1 second (FEV1) of 33% of predicted.

Recommendation

Considering the associated COPD and the history of prior multiple abdominal
operations, a retroperitoneal approach for aneurysm repair is recommended.
You discuss with the patient the coexisting occlusive disease and the fact that
you do not recommend concurrent iliac revascularization, unless it proves nec-
essary. The patient has no history of claudication or rest pain and no evidence
of impending tissue loss, and has relatively preserved pulsatile PVR waveforms
distally. Therefore, the operation is limited to open repair of the AAA. 

� Approach

In this patient, who has both aneurysmal and occlusive disease with significant
associated cardiac and pulmonary comorbidities, the life-threatening problem is
addressed first with concurrent vascular issues followed. The plan is to repair the
AAA using a retroperitoneal approach, which is associated with decreased pul-
monary comorbidity. This approach also affords excellent exposure to both the
infrarenal and suprarenal aorta. The patient is reassured that the iliac disease is
easily amenable to percutaneous angioplasty and stenting postoperatively, if
needed. 

� Surgical Approach

A left retroperitoneal incision starts at the lateral border of the left rectus muscle
midway between the pubis and umbilicus. It extends superiorly (5 cm medial to
the anterior-superior iliac spine), curving upward and laterally at the costal mar-
gin to follow the course of the 10th interspace. Incisions centered lower, onto the
11th or 12th rib, offer less exposure. Leaving the left kidney posterior hinders the
degree of exposure when dealing with aortic aneurysmal disease. Therefore,
cephalad exposure of the suprarenal aorta is facilitated by mobilizing the left kid-
ney anteriorly. The left crus of the diaphragm is divided. The lumbar branch of
the left renal vein can be particularly wide and short, and will require careful liga-
tion and division to facilitate the exposure without untoward bleeding. 

Discussion
In this patient, a conscious decision is made to focus on the pararenal AAA via a
retroperitoneal approach. An equally effective approach might be to use a bifur-
cated graft with 2 distal anastomoses end-to-end onto the iliac arteries. In this
case, however, because there is also a short-segment occlusion of the left exter-
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nal iliac artery, the surgeon would need to oversew the left common iliac artery
and do an end-to-side anastomosis to the left external iliac artery or tunnel the
graft under the ureter and inguinal ligament, and perform an end-to-side anas-
tomosis to the left common femoral artery. This can technically be accom-
plished via a left retroperitoneal approach, sacrificing only the unavoidable in-
crease in operative time. However, repair of occlusive disease in this
asymptomatic patient is not recommended. Other technical issues associated
with the use of a retroperitoneal approach include difficulties encountered
when trying to expose the right renal artery and distal right iliac artery.

Suggested Readings
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Presentation

A 72-year-old man presents to the emergency department for evaluation of back
pain. On initial questioning, he describes the onset of pain approximately 8
hours ago, with an intensity of 4/10, but over the last 2 hours the pain has in-
creased in intensity to 8/10. The mid-lumbar pain is bilateral and continuous,
and does not improve with changes in position. Specific questioning concern-
ing an inciting traumatic event for the pain (eg, heavy lifting, recent fall) fails to
identify an etiology. 

His past medical history is significant for hypertension and coronary artery
disease, with a previous history of myocardial infarction and coronary angio-
plasty 5 years ago. He denies a history of prior back pain and has not previously
been evaluated for an abdominal aortic aneurysm (AAA), but reports that his
brother had repair of an aortic aneurysm 3 years ago. His current medications
are hydrochlorothiazide and aspirin, and he is currently smoking 1 pack per day
of cigarettes, with a 60 pack-year smoking history.

Differential Diagnosis

The initial presentation of a patient with a ruptured AAA can be variable, and
the differential diagnosis is developed based on their presenting constellation of
symptoms. In one series, 82% of patients with aortic rupture complained of ab-
dominal pain and 57% of back pain. With potential chief complaints involving
back, abdominal, or groin pain, the diagnostic possibilities for these patients
can be extensive (Table 28-1). An appropriate differential diagnosis for this pa-
tient presenting with acute onset of back pain would include paravertebral mus-
cle spasm, vertebral fracture, lumbar radiculopathy, aortic rupture or dissection,
ureteral obstruction, pyelonephritis, or pancreatitis. 

Identified factors that predispose a patient to development of an AAA in-
clude male gender, increasing age, family history, hypertension, and smoking.
This patient presents with all 5 of these risk factors, increasing the likelihood
that his pain is secondary to a symptomatic aneurysm. 

Case Continued

Vital signs on presentation are temperature 37.9°C, blood pressure 122/72 mm
Hg, and heart rate 98 beats per minute. Examination of the patient’s back re-
veals no obvious vertebral deformity and no lumbar tenderness on palpation.
Abdominal examination reveals mid-abdominal tenderness with guarding, but
no evidence of peritoneal irritation. Deep palpation in the periumbilical area
identifies an indiscreet mass with pulsatility. No abdominal or inguinal hernias
are identified, and rectal examination demonstrates no palpable masses and
guaiac-negative stool. A straight leg raise, with the patient in a supine position,
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can be achieved to 90 degrees without a significant increase in pain bilaterally.
Femoral, popliteal, and pedal pulses are normal in both extremities.

Discussion
The clinical triad of sudden onset of abdominal (or back) pain, hypotension,
and pulsatile abdominal mass is characteristic of a ruptured AAA. Unfortunately,
only about 50% of the patients with ruptured AAAs present with all compo-
nents of this triad. The current patient has back pain and a pulsatile abdominal
mass, and may be relatively hypotensive if his systemic hypertension is poorly
controlled. With this constellation of symptoms, ruptured AAA must be consid-
ered among the most likely diagnostic possibilities.

Management options at this point in the work-up are dictated by the hemo-
dynamic stability of the patient. Patients with significant hypotension and a
high degree of suspicion for a ruptured AAA should be transported emergently
to the operating room for surgical intervention. For patients presenting to med-
ical facilities unable to offer urgent surgical repair, rapid stabilization and trans-
port to an appropriate institution should be expedited. 

In a patient with stable vital signs, additional diagnostic work-up may be
undertaken if immediately available. Preoperative computed tomography (CT)
imaging is critical for accurate diagnosis, and may expand the surgical options
to include endovascular repair of the AAA; therefore, CT imaging should be con-
sidered in the hemodynamically stable patient. Prior to proceeding, large-bore
peripheral intravenous catheters should be placed, and a blood sample sent for
cross matching. The abdominal/pelvic CT scan should be obtained using a
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Table 28-1. Differential diagnosis for back, abdominal, and groin pain in patients
presenting to an emergency room

Presenting Symptom

Back Pain Abdominal Pain Groin Pain
Gastrointestinal Pancreatitis Perforated viscus Inguinal hernia

Perforating duodenal ulcer Mesenteric ischemia
Strangulated hernia
Acute cholecystitis
Ruptured appendicitis
Diverticulitis

Genitourinary Ureteral calculus Testicular torsion
Pyelonephritis Epididymitis

Vascular Ruptured AAA Ruptured AAA Ruptured iliac artery
Symptomatic AAA Symptomatic AAA aneurysm
Aortic dissection

Musculoskeletal Paravertebral muscle spasms
Vertebral fracture

Neurologic Lumbar radiculopathy

AAA = abdominal aortic aneurysm.



3-mm (thin)-cut protocol with intravenous contrast. The use of oral contrast
will provide little diagnostic information and only further delay proceeding
with surgical therapy. Continuous electrocardiographic (ECG) and automatic
blood pressure monitoring, along with direct supervision of the study by a
trained medical professional, is essential during this phase of the patient’s care. 

While retroperitoneal ultrasonography has an important role in the initial
diagnosis and sequential monitoring of asymptomatic AAAs, ultrasound imaging
has only limited utility in the diagnosis and management of symptomatic
aneurysms. With poor sensitivity in identifying or excluding retroperitoneal
hematoma, emergency ultrasound may be used sparingly in the unstable pa-
tient to confirm or exclude the presence of an infrarenal AAA, when the etiol-
ogy for the hemodynamic deterioration remains uncertain.

Case Continued

The patient is alert and remains hemodynamically stable during his initial eval-
uation. He is immediately transported to radiology and a CT scan is obtained.

� CT Scan
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Figure 28-1

CT Scan Report

An abdominal aortic aneurysm with a maximal diameter of 6.7 cm is seen ex-
tending from the renal arteries to the aortic bifurcation. A large retroperitoneal
hematoma is seen extending from the superior mesenteric artery to the aortic
bifurcation. Although no contrast extravasation outside of the aorta is visual-



ized, this appearance is characteristic for a contained aortic rupture. Detailed ex-
amination of the infrarenal aorta demonstrates a proximal neck diameter of 25
mm and a proximal neck length of 9 mm. Common iliac arteries are non-
aneurysmal, with a maximum diameter of 14 mm on the right and 12 mm on
the left.

Recommendation

With an inadequate infrarenal neck for placement of an aortic endograft, the
patient is taken emergently from radiology to the operating room for surgical
exploration and aneurysm repair.

Discussion
Although patients with a symptomatic, intact (nonruptured) AAA may be ad-
mitted to a monitored care setting for a short period of medical optimization,
patients demonstrating radiographic evidence of a AAA rupture require immedi-
ate surgical intervention. Operative choices include open surgical repair and, in
centers with the appropriate expertise and resources, endovascular repair. Al-
though the role of endovascular repair in the treatment of aneurysm rupture is
evolving, initial reports suggest marked improvement over the substantial mor-
tality and morbidity of open surgical intervention. 

Suitable candidates for endovascular AAA repair are primarily determined by
the morphologic characteristics of the infrarenal neck of the aneurysm. Devices
that are currently approved by the US Food and Drug Administration (FDA) re-
quire a neck diameter less than 28 mm and a neck length greater than 15 mm.
Although this patient has an adequate neck diameter, the 9-mm neck length
precludes endograft repair.

� Surgical Approach

Prior to the initial arrival of the patient with a suspected ruptured AAA, the
operating room and anesthesia staff is contacted to begin preparations for emer-
gency transfer to the operating room. Preoperative preparations include type
and cross matching of red blood cells, platelets, and plasma; the administration
of prophylactic antibiotics; and the assembly of a cell-scavenging system in
the operating room. Transport to the operating room and initiation of the oper-
ation is expedited. In centers with an established protocol for patients with sus-
pected aneurysm rupture, triage from arrival to operation can be completed in
12 minutes. 

Before induction of general anesthesia, the patient is prepped and draped
from his nipples to his toes. Immediately upon induction, the operation is initi-
ated through a vertical midline abdominal incision, extending from the xiphoid
process to the pubis. With the large pararenal hematoma seen in this patient,
proximal vascular control is obtained at the level of the diaphragm. Aided by
placement of a nasogastric tube for identification of the esophagus, the
supraceliac aorta is rapidly isolated from surrounding tissues and a vascular
clamp placed in position, in case immediate aortic occlusion is required. If the
retroperitoneal hematoma remains intact and the patient remains hemodynam-
ically stable, distal control of the common iliac arteries may be performed. Fol-
lowing occlusion of the proximal and distal clamps, the retroperitoneal
hematoma is entered and exposure of the infrarenal aorta is initiated. When an
adequate infrarenal aortic neck is identified for placement of a vascular clamp,
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removal of the supraceliac clamp and perfusion of the abdominal viscera may
be performed. The aneurysm sac is incised longitudinally along its length and
the intramural thrombus removed. Bleeding lumbar arteries are ligated from in-
side the aneurysm with interrupted suture ligatures. The patency of the inferior
mesenteric artery should be preserved for later consideration of reimplantation
should colon ischemia develop. Replacement of the aorta is then begun with ei-
ther a straight or bifurcated graft, depending on the presence of iliac artery
aneurysms. After choosing an appropriate sized Dacron or polytetrafluoroethyl-
ene (PTFE) graft (usually 16 or 18 mm in diameter), the proximal graft is sutured
to the infrarenal neck in an end-to-end fashion. The graft is then occluded and
the proximal clamp (either supraceliac or infrarenal) removed. An end-to-end
distal anastomosis (anastomoses) to either the distal aorta or common iliac ar-
teries completes the repair. Upon removal of the distal clamps and reperfusion
of the lower extremities, aggressive resuscitation with platelets and fresh-frozen
plasma is initiated. After evaluation of the retroperitoneum to control other
sites of bleeding, the aneurysm sac is re-approximated over the prosthetic graft
and the abdomen closed. For patients with a large retroperitoneal hematoma
and massive bowel edema, primary closure of the abdominal wall may not be
possible, and temporary closure with a prosthetic patch may be required.

Case Continued

No significant aneurysmal dilation of the iliac arteries was identified, and the
patient undergoes a tube graft repair of his infrarenal abdominal aorta. Esti-
mated blood loss was 5,400 mL. Intraoperatively, he was administered 8500 mL
of crystalloid, 1200 mL of cell-saver blood, 4 units of packed red blood cells, 6
units of platelets, and 2 units of fresh-frozen plasma. His abdomen was
amenable to primary closure. Femoral pulses were palpable and pedal pulses
were present by continuous-wave Doppler. He is transported to the intensive
care unit intubated and hemodynamically stable.

Over the next 48 hours, he has intermittent episodes of hypotension that re-
spond to the bolus administration of intravenous crystalloid solution. Since ad-
mission to the ICU, serum bicarbonate has decreased from 21 to 16 mmol/L,
platelet count has decreased from 115,000 to 65,000 /mm3, and lactic acid has
increased from 1.9 to 3.4 mmol/L. Later that day, he is noted to pass 400 mL of
maroon-colored stool. A sigmoidoscopy performed at the bedside demonstrates
patchy areas of mucosal ischemia within the descending and sigmoid colon. He
is placed on broad-spectrum intravenous antibiotics with plans for operative in-
tervention should his condition deteriorate. Over the next 5 days, his thrombo-
cytopenia and acidosis improve, and repeat sigmoidoscopy shows several areas
of mucosal sloughing with no areas of focal necrosis.

The patient remains stable until postoperative day 9, when he becomes
febrile with an elevated white blood cell count. Chest radiography reveals an in-
filtrate in the right lower lobe, and sputum culture is positive for Pseudomonas
aeruginosa. He is treated with a 10-day course of antibiotics, with no further evi-
dence of septicemia. Despite a resolving infiltrate on his chest radiograph, at-
tempts to wean him from the ventilator are unsuccessful. On postoperative day
19, he undergoes tracheostomy placement.

Over the next 2 weeks, the patient is weaned from the ventilator, but re-
quires the tracheostomy for frequent suctioning. As his nutritional status slowly
improves, he is able to handle respiratory secretions more effectively. His tra-
cheostomy is removed and he is discharged to a rehabilitation facility on post-
operative day 42.
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Discussion
Although the mortality rates for elective AAA repair range from 2% to 5%, mor-
tality rates following operative repair of a ruptured AAA, even in high-volume
centers, range from 45% to 65%. In patients who present with acute rupture and
hypovolemic shock, the mortality rate approaches 95%.

Postoperative complications and the resulting mortality can be substantial.
Experience from Harborview Medical Center demonstrated 61% morbidity in
the intensive care unit following surgical intervention for a ruptured AAA. Most
frequent postoperative complications include respiratory failure (48%), renal
failure (29%), and sepsis (24%). Among the most lethal complications is is-
chemic colitis. Occurring early in the postoperative period, clinical findings in-
clude bloody diarrhea, metabolic acidosis, sepsis, and thrombocytopenia. Seen
in 18% of patients following ruptured AAA repair, ischemic colitis resulted in a
2-fold increase in the mortality rate and was responsible for 1 out of 5 deaths in
the ICU. Diagnosis is usually confirmed by flexible sigmoidoscopy, with evalua-
tion for transmural ischemia critical in the decision-making process. Although
ischemic injury isolated to the mucosa can initially be treated nonoperatively,
close observation is warranted. Development of transmural ischemia, worsening
sepsis, or peritoneal signs all require prompt surgical intervention with resection
of involved colon. 
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142 Case 28

Gloviczki P, Pairolero PC, Mucha P Jr., et al.
Ruptured abdominal aortic aneurysms: re-
pair should not be denied. J Vasc Surg.
1992;15:851-857.

Johansen K, Kohler TR, Nicholls SC, Zierler RE,
Clowes AW, Kazmers A. Ruptured abdomi-
nal aortic aneurysm: the Harborview experi-
ence. J Vasc Surg. 1991;13:240-245.

Lederle FA, Wilson SE, Johnson GR, et al. Im-
mediate repair compared with surveillance
of small abdominal aortic aneurysms. N Engl
J Med. 2002;346:1437-1444.

Meissner MH, Johansen KH. Colon infarction
after ruptured abdominal aortic aneurysm.
Arch Surg. 1992;127:979-985.

Verhoeven EL, Prins TR, van den Dungen JJ,
Tielliu IF, Hulsebos RG, van Schilfgaarde R.
Endovascular repair of acute AAAs under lo-
cal anesthesia with bifurcated endografts: a
feasibility study. J Endovasc Ther. 2002;9:
729-735.



Presentation

A 65-year-old man presents to your office after attending a community health
fair, where he learned that he has an abdominal aortic aneurysm (AAA). The pa-
tient is a former cigarette smoker with mild hypertension, but has no other his-
tory of cardiovascular disease. His older brother had an aortic aneurysm repair
at the age of 68. Physical examination reveals no pulsatile abdominal mass or
tenderness, and there are strong bilateral femoral pulses by palpation.

Differential Diagnosis

An aneurysm is a focal or segmental enlargement of a blood vessel, most often
defined as an increase in diameter to at least twice normal. Although the diame-
ter of the abdominal aorta generally increases with age and is larger in men than
women, an aortic diameter greater than 3.0 cm may be considered above the
normal range expected for any age and gender. This size has therefore become
the most commonly used definition of AAA in clinical practice. Asymptomatic
AAAs occur in up to 9% of the population over the age of 65, and are known to
be associated with atherosclerosis, hypertension, and cigarette smoking. AAAs
are also more common in men than women. Approximately 15% to 20% of pa-
tients with AAAs will have a family history of aortic aneurysm.

Routine physical examination is inaccurate in detecting all but the largest
AAAs, making it unsuitable in screening for this disease. In contrast, abdominal
ultrasonography and other imaging studies are extremely accurate in detecting
AAAs regardless of size. Ultrasonography is favored in screening for AAAs be-
cause it is noninvasive, requires no contrast enhancement, and can be done
rapidly with low cost. Most health care insurers do not yet reimburse for ab-
dominal ultrasounds performed as a screening test for AAAs; however, in many
communities, such studies are available for a nominal fee as part of screening
programs for cardiovascular disease. It is therefore likely that the diagnosis of
AAA in this patient is accurate.

In addition to knowledge that this patient has an AAA, additional informa-
tion is required to guide management. Thus, it is necessary to know the maxi-
mal size of the AAA, as well as its location with respect to the renal and iliac
arteries.

� Approach

A contrast-enhanced computed tomogram (CT) of the abdomen is obtained by
spiral CT, complemented by post-imaging (3-dimensional) reconstruction. 
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� Abdominal CT Scan With 3D Reconstruction 
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Figure 29-1

Figure 29-2

Figure 29-3



CT Scan Report

There is an infrarenal aortic aneurysm with mural thrombus that extends into
the common iliac arteries (Fig. 29-1). There is no evidence of mesenteric or 
renal artery stenosis, peri-aortic inflammation, or venous anomaly. Three-
dimensional (3D) reconstruction of the CT images reveals maximal transverse
dimensions measuring 48 mm × 45 mm (Fig. 29-2). There is mural thrombus
present in the aneurysm sac, which is somewhat tortuous with extension into
the common and internal iliac arteries (Fig. 29-3A). The diameter of the aorta at
the level of the lowest (left) renal artery is 22.6 mm; the length of the aneurysm
neck is 30.7 mm and the diameter of the aorta at this level is 24.6 mm with
some angulation (Fig. 29-3B). The external iliac arteries do not exhibit occlusive
atherosclerosis or aneurysmal dilatation.

Recommendation

In this case, CT imaging reveals a maximal AAA diameter of 4.8 cm. Because
AAAs of this size have a relatively low risk for rupture, a strong recommendation
cannot be made at this time for elective surgical repair. However, the measure-
ments taken during CT imaging indicate that an endoluminal (stent-graft) ap-
proach would probably be feasible if elective AAA repair is selected, because
there is a long infrarenal neck (more than 30 mm), the aortic diameter in this
region is less than 25 mm, and there is minimal external iliac artery disease.
However, there is some angulation at the neck and the left iliac artery is quite
tortuous. To better inform decision making, you decide to further evaluate the
patient’s cardiopulmonary status and his risks for anesthesia.

Discussion

Assessment of Risk for Rupture
The principal risk of AAAs is death from rupture. Most patients with AAAs are
asymptomatic prior to rupture and are unaware of their condition. The risk of
aneurysm rupture is known to correlate with aneurysm size, with AAAs greater
than 5.5 to 6.0 cm in diameter representing lesions with substantial risks of rup-
ture (approximately 40% within several years of diagnosis). Although AAAs
smaller than 5.5 cm carry a lower risk of rupture, their natural history is one of
gradual enlargement and increasing risk of rupture over a period of several
years. It is well established that elective surgical repair of large asymptomatic
AAAs can prevent deaths from aneurysm rupture. 

Clinical factors beyond aneurysm diameter alone may have some influence
on the risk of rupture. For example, Cronenwett et al. reported increased rates of
aneurysm expansion and rupture for patients with small AAAs and either severe
chronic obstructive pulmonary disease (forced expiratory volume in 1 second
[FEV1] < 1.0 liter) or poorly controlled hypertension (diastolic blood pressure 
> 110 mm Hg). Cigarette smoking is an independent risk factor for aneurysm
expansion and may also influence the risk of rupture. The risk of rupture is also
recognized to be greater in patients with a family history of AAAs. Recent evi-
dence suggests that for AAAs of equal size, women may also have greater risks
for AAA rupture than men.

Assessment of Risk for Repair 
Any decision regarding elective repair of an asymptomatic AAA represents a bal-
ance between the estimated risk of rupture and the estimated risk of surgical re-
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pair. The risk of surgical repair is dependent on the patient’s age and cardiopul-
monary risk for anesthesia. It is therefore useful to have further information re-
garding the patient’s cardiovascular status before making a final recommenda-
tion for management.

It is also important to consider the extent of aneurysm disease, because the
risks of rupture and repair are considerably different for lesions extending above
the renal arteries (juxtarenal or suprarenal AAAs) or into the chest (thoracoab-
dominal aortic aneurysms).

There is no evidence to suggest that decisions for elective repair of small
AAAs should be any different for endoluminal versus open repair, because to
date there is no proven difference in operative mortality rate between these two
approaches for AAAs less than 5.5 cm in diameter.

Case Continued

The patient reports that he is physically active with no history of claudication,
cerebrovascular disease, or myocardial infarction. He stopped smoking 2 years
ago and takes no medications beyond one aspirin per day. Laboratory studies re-
veal total serum cholesterol and low-density-lipoprotein cholesterol levels
within the normal range for age, normal fasting blood glucose, and a serum cre-
atinine level of 0.8 mg/dL. An electrocardiogram and a plain chest radiograph
are both normal, and he reports having a normal treadmill stress test within the
past year.

Recommendation

The results of these tests indicate that the patient is at relatively low risk for a
cardiovascular event, and would therefore be at low risk for an elective opera-
tion. He is also at low risk for aneurysm rupture. A balanced judgment must
therefore be made on the benefit of elective AAA repair versus conservative
(nonoperative) management with imaging surveillance to detect changes in
aneurysm size.

Discussion
Two recent studies provide sound clinical evidence upon which to base this de-
cision: the Aneurysm Detection and Management (ADAM) Trial in the US Veter-
ans Affairs system, and the United Kingdom Small Aneurysm Trial (UKSAT). In
each study, patients with AAAs less than 5.5 cm diameter were randomized to
receive either early surgical repair or follow-up every 6 months with imaging
surveillance, with elective repair performed if and when the AAA grew to a size
greater than 5.5 cm. The results of these studies were surprisingly consistent and
quite convincing: after nearly 5 years of follow-up, there was no survival benefit
for early surgery compared to imaging surveillance. For the more recently com-
pleted ADAM Trial, these results were achieved even when the elective operative
mortality rate for those undergoing early surgery was only 2.1%.

It is important to note that for the patients enrolled in the imaging surveil-
lance arms of each of these trials, there was a 61% overall likelihood of having
surgical repair within the follow-up period. There were also no instances of AAA
rupture in these groups, and the indication for delayed repair was an observed
increase in AAA size to greater than 5.5 cm. This demonstrates that imaging sur-
veillance is a safe management strategy. In the ADAM trial, there was no in-
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crease in operative mortality for patients who underwent delayed AAA repair,
countering the notion that operative risk would be higher several years after the
initial diagnosis than if performed earlier. It is notable that the need for delayed
repair was more likely in those with larger AAAs at the outset of surveillance:
thus, 81% of patients with AAAs 5.0 to 5.5 cm in diameter eventually under-
went repair.

Case Continued

Imaging surveillance is recommended and accepted by the patient, with follow-
up CT scans scheduled for 6-month intervals. After 2 years of follow-up, there is
no change in AAA size.

Discussion
As indicated here, current management of small asymptomatic AAAs consists
largely of imaging surveillance and elective repair if and when aneurysm size
reaches a diameter of 5.5 cm. There are no proven treatment approaches to re-
duce the rate of aneurysm expansion, nor are there means by which to accu-
rately predict which patients will exhibit expansion. Active laboratory and clini-
cal research efforts are currently underway to delineate the pathophysiology of
AAAs, with the hope that new treatments might emerge for patients with small
asymptomatic AAAs. Through these studies, it has become apparent that AAAs
are characterized by a chronic immuno-inflammatory response within the aortic
wall, which is accompanied by increased local production of matrix metallopro-
teinase and other tissue-destructive enzymes. These enzymes, in turn, are respon-
sible for the degradation of structural proteins required to maintain aortic wall
tensile strength (ie, elastin and collagen). Based on new methodology to measure
aortic wall stresses, one of the approaches used in the future may involve de-
tailed imaging-based stress analysis to identify patients at heightened risk of rup-
ture. Another approach may be to use circulating markers of inflammation as a
means to assess the risk of disease progression. It may soon be possible to at-
tempt suppression of aneurysm growth through the use of pharmacologic agents
that inhibit matrix metalloproteinases, such as doxycycline. For the present, it
remains important to ensure that all patients with small AAAs receive optimal
management of other cardiovascular risk factors, so as to help reduce their over-
all risk of adverse events even if the aneurysm itself remains clinically stable.
Strong efforts to promote smoking cessation are vital and treatment with statins
may also be of specific benefit. It is equally important to ensure that patients par-
ticipating in an imaging surveillance program are indeed followed and moni-
tored, because more than half can be expected to require AAA repair eventually.
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Presentation

A 68-year-old man with a history of alcoholic pancreatitis presents to the emer-
gency department with right upper quadrant and epigastric abdominal pain,
fevers, and chills. Vital signs include a temperature of 101.7°F, heart rate of 110
bpm, and blood pressure of 113/85 mm Hg. Abdominal examination reveals
voluntary guarding in the upper abdomen. The white blood cell count is 19.7.
Serum lipase, amylase, and liver function tests are normal. The patient is admit-
ted with a presumptive diagnosis of pancreatitis. Intravenous hydration and an-
tibiotics are initiated. Computed tomogram (CT) of the abdomen is obtained. 

� CT Scan of the Abdomen
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CT Scan Report

Extensive inflammatory changes surrounding the pancreas suggest pancreatitis.
An 8-cm pancreatic phlegmon with loculated fluid and gas in the head of the
pancreas (Fig. 30-1) is noted, suggesting a pancreatic abscess. A 3.9-cm in-
frarenal aortic aneurysm (Fig. 30-2) is present, which represents an interval
change since the last CT scan (obtained 6 weeks earlier).

Differential Diagnosis

The CT scan findings are diagnostic for a pancreatic abscess, but the incidental
finding of a new aortic aneurysm merits further discussion. The differential di-
agnosis for an abdominal aortic aneurysm (AAA) that develops or changes
rapidly, particularly if this aneurysm is saccular in conformation, includes an in-
fected AAA, aortic pseudoaneurysm (noninfected), aortic dissection, and nonin-
fected atherosclerotic AAA. In a patient with a known intraabdominal or
retroperitoneal infection and a newly diagnosed AAA, it must be assumed that
this aneurysm represents an infected AAA until proven otherwise. 

Discussion 
Infected AAA refers to several pathologic conditions that lead to the presence of
infection in an abdominal aortic aneurysm. Examples of infected AAAs include
mycotic aneurysms due to endocarditis, microbial arteritis (from bacteremia)
with aneurysm formation, infection of a preexisting AAA, and post-traumatic
infected false aneurysms of the aorta. In most infected AAAs, the infection
caused degeneration of the aorta to produce an aneurysm. Fewer than 5% of in-
fected AAAs result from infection of a preexisting AAA. The most common site
for an infected AAA is the infrarenal aorta (70%), but infected AAAs occasionally
occur in the suprarenal or thoracic aorta. 

Diagnosis of an infected AAA usually involves a high index of suspicion and
imaging studies suggestive of the diagnosis. Clinical scenarios that should
arouse clinical suspicion for an infected AAA include the presence of positive
blood cultures in a patient with a known AAA, identification of a new AAA after
a septic episode, and concurrent AAA and lumbar vertebral erosions. An an-
tecedent history of a septic episode may be identified in approximately 61% of
cases, but is not a requirement for the diagnosis. The most common presenting
symptoms of an infected AAA are abdominal pain (92%), fever (77%), leukocy-
tosis (69%), positive blood cultures (69%), palpable abdominal mass (46%), and
rupture (31%).

Radiographic imaging should include both a contrast-enhanced CT scan
and an arteriogram. CT findings suggestive of an infected AAA include the pres-
ence of a saccular aneurysm, evidence of partial aortic disruption or frank rup-
ture, contiguous inflammatory changes, fluid collections, or air adjacent to an
AAA. The vast majority of infected AAAs are saccular aneurysms, although infec-
tion of an existing aneurysm typically occurs in a fusiform aneurysm because
most AAAs have a fusiform morphology. Arteriography often aids in the diagno-
sis by demonstrating saccular aneurysm morphology, and facilitates operative
planning. A high-quality CT arteriogram (CTA) with 3-dimensional reconstruc-
tion may obviate the need for arteriography. 

Recommendation

Arteriogram.
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� Arteriogram
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Figure 30-3

Arteriogram Report

Arteriogram reveals a saccular aneurysm of the infrarenal aorta.

Diagnosis and Recommendation

The presence of a pancreatic abscess and a saccular aneurysm is highly sugges-
tive of an infected AAA. The high risk of rupture of an infected AAA obligates a
concurrent operative approach, because neither condition may be safely de-
layed. The patient is advised of the need for extra-anatomic bypass for revascu-
larization of the lower extremities via an axillobifemoral bypass, followed by re-
section of the infected AAA with ligation of the infrarenal AAA. Pancreatic
debridement and drainage will be performed during the same operation. Poten-
tial complications of the operation include death, aortic stump blowout, ampu-
tation, and prosthetic graft infection. The patient is advised that the pancreatic
abscess may require repeated debridements, and a pancreatic fistula is a possible
complication. 

� Surgical Approach

The operative approach is dictated primarily by the clinical presentation. The
classic approach in the stable patient with a nonruptured infected AAA is to per-
form a preemptive extra-anatomic bypass, usually via an axillobifemoral bypass,
followed by excision of the infected AAA, wide debridement of the retroperi-
toneum, and “triple ligation” of the infrarenal aortic stump. “Triple ligation” of
the aortic stump consists of a 2-layer closure of the aorta (horizontal mattress
and simple running suture lines) with monofilament polypropylene suture, fol-
lowed by stump coverage with a vascularized omental pedicle flap. When the
diagnosis of an infected AAA is certain, the potential for bacterial seeding of
the bypass graft may be minimized by completing all “clean” portions of the



operation, including application of occlusive dressings, prior to initiating expo-
sure of the infected AAA. Frank aortic rupture or uncertainty regarding the pres-
ence of infection will alter the operative sequence, as the aortic component of
the operation is addressed initially in such cases. The most dramatic potential
complication of aortic ligation is aortic stump blowout, which is almost univer-
sally lethal. The relatively poor long-term patency of axillofemoral bypass grafts
and the potential for prosthetic graft infection are additional pitfalls of this ap-
proach.

Discussion
In situ reconstruction is an alternative approach to revascularization of the
lower extremities after resection of an infected AAA. In unstable patients or
those infected with a “low-grade” organism, such as Staphylococcus epidermidis,
use of an in situ prosthetic graft has yielded acceptable clinical results in several
series. Some authors view this approach as the treatment of choice for infected
AAAs due to its relative simplicity and the absence of a ligated aortic stump at
risk for blowout. Use of a rifampin-bonded Dacron graft and the liberal use of
omental coverage of the graft are reasonable adjunct procedures to attempt to
minimize the risk of graft infection. Rifampin bonding of a Dacron graft is ac-
complished by bathing the graft with rifampin (1200 mg in 20 mL normal
saline) for 15 minutes prior to implantation. This approach is the mainstay of
treatment for infected paravisceral or thoracic aortic aneurysms. The principal
risk of this approach relates to the risk of graft infection when placing a pros-
thetic graft into an infected operative field. For this reason, alternative ap-
proaches may be advisable in more aggressive infections, especially those infec-
tions attributed to gram-negative or fungal species. 

In situ aortic reconstruction with superficial femoral vein (SFV) offers sev-
eral potential advantages over prosthetic reconstruction. As an autogenous con-
duit, SFV is resistant to recurrent infection and provides excellent long-term pa-
tency. In addition, SFV provides a reasonable size match to the typical infrarenal
aorta. Chronic venous morbidity is minimal, as one third of patients have mi-
nor leg swelling, and no venous ulceration or venous claudication has been de-
scribed after SFV harvest. However, approximately 1 in 5 limbs will require fas-
ciotomy after SFV harvest. The principle disadvantage of using SFV for in situ
aortic reconstruction relates to the time required for harvesting this vein (> 120
minutes or more). A detailed description of the technique for SFV harvest is pro-
vided elsewhere. Preoperative duplex ultrasonography of the SFV should be em-
ployed to confirm patency, absence of thrombus, and document adequate size
(at least 6.0 mm) of this vein. 

Case Continued

Due to the high probability of a polymicrobial infection of the pancreas, in situ
reconstruction with a rifampin-bonded Dacron graft is considered suboptimal.
To avoid creation of an infrarenal aortic stump at risk for blowout, in situ recon-
struction with SFV is contemplated, but this option is eliminated after preopera-
tive imaging of the SFV reveals evidence of a chronic thrombus. Thus, infrarenal
aortic ligation and extra-anatomic bypass is the only viable option for this pa-
tient. Because the diagnosis of an infected AAA is not in question, an ax-
illofemoral bypass is performed as the initial step in the operation. After skin
closure, occlusive dressings are applied prior to proceeding with a laparotomy.
At laparotomy, proximal control of the aorta is obtained initially at the
supraceliac aorta, because infected AAAs are prone to disruption with excessive
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operative manipulation. Subsequently, the infrarenal aorta is controlled below
the renal arteries, followed by distal control of the common iliac arteries. After
systemic anticoagulation, clamps are applied and the infrarenal aorta is opened,
debrided, and sent for culture. The aorta is debrided to healthy tissue before
closing the infrarenal aortic stump in 3 layers, as described above. The origins of
the common iliac arteries are closed from within the aorta. Systemic anticoagu-
lation is reversed with protamine sulfate prior to proceeding with pancreatic de-
bridement and drainage. Postoperative antibiotic coverage is tailored to cultures
obtained at surgery. Six weeks of postoperative antibiotic coverage is advisable
to prevent bacterial arteritis in the aortic stump. 
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Presentation*

A previously healthy 75-year-old man is referred to you for management of an
abdominal aortic aneurysm (AAA). He was recently treated by his primary care
physician for right lower lobe pneumonia, and on subsequent physical exami-
nation was noted to have an AAA. He was also noted to have evidence of con-
gestive heart failure (CHF). At the time he had elevated levels of blood urea ni-
trogen (BUN; 95) and creatinine (Cr; 3.8), microscopic hematuria, and elevated
liver function tests (LFT) including aspartate aminotransferase (AST) 120, ala-
nine aminotransferase (ALT) 140, bilirubin 3.5, and alkaline phosphatase 120.
He was treated with antibiotics, digoxin, and diuretics.

On your examination, he is afebrile with a blood pressure of 130/60 mm
Hg and a pulse of 90 beats per minute. There is prominent jugular venous dis-
tention. His chest has bibasilar rales, but is otherwise clear; his heart examina-
tion is notable for an S4 gallop and a grade III systolic ejection murmur. The ab-
domen appears slightly distended, but is soft; the liver is palpable, as is a large
aneurysm, with a loud continuous bruit. He has bilateral pitting edema and sta-
sis dermatitis, with palpable distal pulses. Plain radiographs show pulmonary
vascular congestion, cardiomegaly, and small right pleural effusion. His com-
puted tomography (CT) scan shows a juxtarenal abdominal aortic aneurysm, 12
cm maximal diameter, confined to the infrarenal aorta without extension to the
iliac arteries. The liver and spleen are slightly, but not massively, enlarged. No
other abnormality is seen.

Differential Diagnosis

The patient has a large aneurysm and signs of a large arteriovenous fistula, in-
cluding an abdominal bruit and evidence of circulatory congestion (CHF,
edema, venous stasis disease), hepatomegaly, and microscopic hematuria. The
differential diagnoses include AAA with associated inferior vena cava (IVC) fis-
tula, and AAA with unrelated CHF, including cardiac failure and pulmonary em-
bolism. Previously undiagnosed congenital abnormalities, such as patent fora-
men ovale or central malignancies, may contribute to the circulatory overload
and heart failure.

Discussion
AAA with associated IVC fistula is an unusual complication of AAAs, occurring
in approximately 1% of asymptomatic and 3% to 4% of symptomatic
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aneurysms. Many documented aortocaval fistulas present as a ruptured
aneurysm, and thus are repaired soon after discovery, without development of
late sequelae. Thus the simultaneous presentation of AAA and CHF suggests un-
related processes, with the CHF needing treatment prior to AAA repair; unre-
solved CHF with treatment suggests the presence of an aortocaval fistula or an-
other ominous finding. The importance of associating the physical findings of
late sequelae of an aortocaval fistula cannot be overemphasized, as selection of
additional preoperative studies can be more clearly guided if a fistula is sus-
pected.

The initial diagnostic test is usually an imaging study, either ultrasound,
CT scan, or magnetic resonance imaging (MRI), to confirm presence of
the aneurysm. Occasionally, color-flow on the duplex examination demon-
strates an aortocaval fistula, but this is unusual; in addition, preoperative plan-
ning is usually not performed with duplex. CT scan is more commonly used
to guide preoperative planning and consideration for endovascular repair
(EVAR); simultaneous opacification of the intravenous (IV) contrast in the aorta
and the IVC is usually indicative of the fistula. MRI can demonstrate this
finding as well, but is much less commonly used. Thus, if an aortocaval fistula
is suspected prior to imaging, a CT scan with IV and oral contrast, both to
diagnose the fistula and to assess the patient for possibility of EVAR is usually
performed.

Other important tests include angiography, to determine the presence of
and assess the extent of associated aneurysmal and occlusive disease; an aorto-
caval fistula is diagnosed on angiography by early filling of the IVC after in-
traaortic contrast injection. Measurement of central hemodynamics with a
pulmonary artery (Swan-Ganz) catheter can determine the presence of a left-to-
right shunt and high output cardiac failure, although this is rarely performed as
an isolated preoperative diagnostic test; echocardiography can determine car-
diac function and hemodynamics as well as demonstrate fistulae, including
those due to a previously undiagnosed patent foramen ovale.

This patient presents with a CT scan report suggesting a large juxtarenal
aneurysm unlikely to be a candidate for EVAR with current technology; early
opacification of the IVC is not noted, although the use of contrast is not
noted either. Because an additional CT scan is unlikely to add additional infor-
mation, angiography will assess both the aneurysm neck and associated disease,
and diagnose the AAA-IVC fistula, if present. A cardiac echocardiogram will
determine the preoperative cardiac function, as well as check for an intracardiac
fistula.

Recommendation

Cardiac echocardiogram and angiography.

Case Continued

The patient had a cardiac echocardiogram suggesting CHF, but no other abnor-
malities, and the following angiogram.
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� Angiogram
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Angiogram Report

Large juxtarenal aneurysm with early opacification of the IVC.

Diagnosis and Recommendation

Juxtarenal AAA with chronic aortocaval fistula. This patient had a CT scan sug-
gesting that an adequate neck is not present to perform EVAR, and thus aortog-
raphy was used to define the surgical anatomy preoperatively as well as diag-
nose the aortocaval fistula.

Aneurysm repair and fistula closure is needed to prevent additional compli-
cations of the high-output shunt. Repair in the setting of CHF and renal failure
has been associated with higher mortality than standard elective repair without
an aortocaval fistula, at least as high as 50%; ideally aortocaval fistulae are re-
paired prior to permanent cardiac or renal damage. Repair is performed either
from the transperitoneal or retroperitoneal approach, depending upon
aneurysm configuration and surgeon preference. Although successful operation
is expected with proper preoperative diagnosis and planning, complications in-
clude bleeding, infection, hemodynamic instability, impotence, colon ischemia,
cardiac failure, prolonged ventilator dependence, stroke, air embolism, pul-
monary embolism, acute limb ischemia, and death. Massive bleeding may occur
intraoperatively. The risk of pulmonary embolism from debris within the
aneurysm and the fistula also is not insignificant.

� Surgical Approach

Infrarenal aneurysm repair can be performed satisfactorily from either the ante-
rior transperitoneal approach or from the left retroperitoneal approach. It is our
preference to perform all abdominal aneurysm repairs from the left retroperi-

Figure 31-1



toneal approach, if anatomically feasible. Repair proceeds in standard fashion,
including dissection, vessel control, and heparinization. The fistula and IVC do
not need to be isolated or dissected specifically. After aneurysm exclusion and
opening, the back bleeding from the fistula is characteristically quite large. If a
fistula is previously unsuspected, a large amount of back bleeding should
prompt the surgeon to think specifically of an aortocaval fistula. The back
bleeding is typically controlled proximally and distally with 2 sponge-sticks,
controlling the IVC and allowing oversewing of the fistula; this method works
adequately from both the transperitoneal and retroperitoneal approaches (Fig.
31-2). After fistula repair, the aneurysm is repaired in standard fashion.

Case Continued

Due to the suprarenal, and possibly supraceliac, position for the proximal clamp
needed for repair of this aneurysm’s neck, a retroperitoneal approach was per-
formed. After heparinization, the aneurysm was directly clamped infrarenally
prior to performance of the proximal anastomosis to allow renal perfusion dur-
ing the time needed to oversew the lumbar arteries and repair of the fistula,
even though this time was expected to be short. The aneurysm was opened
rapidly with a Mayo scissors, and torrential back bleeding was easily and quickly
controlled with sponge-sticks. The back bleeding was noted to be coming from a
2- to 3-cm chronic-appearing fistula; no patent lumbar arteries or inferior
mesenteric artery (IMA) were noted. The fistula was oversewn with 3-0 Prolene
suture, and, after moving the proximal aortic clamp to the suprarenal position,
a bifurcation graft was placed from the infrarenal aorta to the origins of the
common iliac arteries.

Discussion
The hemodynamic consequences of AAA-IVC fistula repair should be antici-
pated intraoperatively. The cardiac output and mixed venous oxygen content
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Figure 31-2 Technique for controlling bleed-
ing from an aortocaval fistula and fistula re-
pair via an intra-aortic suture closure. (From
Dardik H, Dardik I, Strom MG, Attai L,
Carnevale N, Veith FJ. Intravenous rupture of
arteriosclerotic aneurysms of the abdominal
aorta. Surgery. November 1976;80(5):647-651.)



should both fall to normal values. Continued fall in cardiac output to low val-
ues likely reflects low filling pressures that will be responsive to fluids. Mild aci-
dosis may be present after repair as well.

Although the time to oversew a fistula is typically short, the massive back
bleeding that may occur prior to fistula control may contribute to low cardiac
output after repair. Therefore, some surgeons prefer to isolate and control the
IVC prior to aneurysm opening; we do not perform this due to the risk of injur-
ing the IVC, which is usually intimately adherent to the aneurysm because of
the chronic inflammation of the aneurysm and the fistula.

Repair of the aneurysm with a stent graft (EVAR) may be an acceptable ap-
proach to repair of an aneurysm with an IVC fistula in selected patients. After
placement of the stent graft, even though the fistula to the low-pressure IVC is
unlikely to be a source of endoleak, this possibility must be considered in the
presence of a persistent endoleak. Placement of a covered stent inside the caval
side of the fistula may be a potential solution. However, prophylactic placement
of a caval stent prior to aneurysm repair could theoretically induce aneurysm
rupture through the fistula.

Case Continued

Recovery was prolonged due to pneumonia, respiratory failure, and persistent
renal failure. The patient died 6 months postoperatively after refusing contin-
ued dialysis; the peripheral edema and stasis dermatitis was still present.

Discussion
Aortocaval fistula repair is associated with 50% mortality; in the presence of per-
sistent renal failure, results are dismal. We repair aortocaval fistulae as soon as
possible after discovery, to minimize the end-organ damage due to the patho-
physiology of the fistula.
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Presentation

A 58-year-old man with hypertension presented with complaints of a 3-day his-
tory of chills, intermittent fever with mid-abdominal pain, and a 24-hour his-
tory of vomiting bright red blood. He did not have a history of peptic ulcer dis-
ease or alcoholism. Upon examination he is found to be anxious; his pulse rate
is 108 beats per minute, and his blood pressure is 110/68 mm Hg. His abdomen
is soft with mild epigastric tenderness. Family history is significant for abdomi-
nal aortic aneurysm (AAA). No lesion was seen in the first or second part of the
duodenum on upper endoscopy. A computed tomography (CT) scan is ordered. 

� CT Scan
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Figure 32-1

CT Scan Report

CT scan demonstrates a 4.5-cm AAA in close approximation to the duodenum
with air in the aortic wall.

Differential Diagnosis

The differential diagnosis includes an upper gastrointestinal (GI) bleed from a
gastric or duodenal ulcer, GI bleeding from gastritis, and primary aorto-enteric
fistula (PAEF).

Ahsan T. Ali, MD, and John Eidt, MD, FACS



Case Continued

The patient begins to re-bleed, as evident from the nasogastric tube output.
Esophagogastroduodenoscopy (EGD) is repeated. The bleeding appears to be
coming from the fourth portion of the duodenum. 

Diagnosis

Based on the history of abdominal pain, upper GI bleeding in the absence of
peptic ulcer, and the CT findings of air in the aortic wall in close proximity to
the duodenum, the diagnosis of primary aorto-enteric fistula is made. 

Recommendation

Blood transfusion is initiated and the patient is taken to the operating room. EGD
by an experienced endoscopist is very useful and should visualize the third and
fourth portion of the duodenum. This will also rule out other more common
causes of an upper GI bleed. High resolution CT scan with intravenous contrast
will show pathology either in the aorta (aneurysm) or in the vicinity. Arteriogram
does not add information, and can potentially precipitate hemorrhage. Treatment
is surgical to control bleeding and establish vascular continuity. 

� Surgical Approach

Proximal control of the supraceliac aorta is obtained prior to mobilization of the
duodenum. The PAEF is identified (Fig. 32-2). A communication of the aorta
with the GI tract makes it a contaminated field. However, in an unstable pa-
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Figure 32-2 Duodenal erosion of the PAEF. 



tient, time constraints do not allow for an autogenous graft or performance of an
extra-anatomic bypass. An in situ rifampin-soaked graft is placed with omentum
between the graft and the bowel. Cultures are obtained from the aortic wall. The
bowel wall is debrided and closed in two layers in the standard fashion. 

Discussion
PAEF is a ruptured or leaking aorta emptying into the GI tract. The communica-
tion is a result of degenerative process, which is most commonly an aneurysm,
local infection, foreign body, or radiation induced. PAEFs are extremely difficult
to diagnose preoperatively. In a report by Sweeny and Gadazc of 118 cases of
PAEF, 97 patients died before a definitive diagnosis could be made. In another se-
ries, only one third of the patients were treated with surgical repair, with a peri-
operative mortality of 55%. Crucial to diagnosis is timely endoscopy with visual-
ization to the fourth portion of the duodenum. CT scan demonstrating a loss of
plane between the aorta and the duodenum with air in the aortic wall or the
retroperitoneal area is suggestive of an aorto-enteric fistula. The triad of symp-
toms of abdominal pain, an upper GI bleed, and abdominal aneurysm together
occur in only about one third of the patients. A likely scenario is that a general
surgeon will discover aortic pathology at the time of celiotomy in acute circum-
stances. If the patient has been stable, local debridement can be attempted with
extra-anatomic bypass or autogenous reconstruction. However, in an unstable pa-
tient or inexperienced hands, in situ replacement with rifampin-soaked graft is
quite acceptable. In a review over a 15-year period, no reports of postoperative
graft infections have been reported in 8 patients. If there is extensive contamina-
tion, an interval (8- to 10-day) replacement of the aorta can be performed, if pos-
sible, with the superficial femoral vein used as a neoaorta or an extra-anatomic
bypass. By this time, final culture results are also available. An interval of a week
also allows for surgery prior to formation of dense adhesions. Interval replace-
ment is recommended if gram-negative or fungal infections are present, or if
there is communication with the large bowel. The idea of endovascular exclusion
is attractive in theory, but may depend on graft availability, advance knowledge
of the diagnosis, and the logistics of surgeon/operating room training. An en-
dovascular approach may also serve as a bridge to more definitive treatment. 

Case Continued

After undergoing in situ tube graft replacement, a nasogastric tube is also placed
in the duodenum. Diet is begun after 5 days postoperatively. Cultures do not
grow any organism, but initial gram stain demonstrated a few white blood cells.
The patient is discharged on a 6-week course of oral Bactrim. 

Suggested Readings
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Presentation

A 73-year-old man with a past medical history significant for a previous myocar-
dial infarction, atrial fibrillation, hypertension, and peripheral vascular disease,
who has smoked one pack of cigarettes a day for 30 years, has just undergone an
aortobifemoral bypass for aortoiliac occlusive disease and lower extremity rest
pain. The operative procedure went well, without any notable technical compli-
cations and with minimal blood loss. Currently, the patient is still in the opera-
tive suite. After the operative drapes are removed, it is noted that he has a cold
right lower extremity from the knee down and has a mottled right foot. On ex-
amination, there are strong palpable bilateral femoral pulses as well as a palpable
left popliteal pulse. There are palpable pedal pulses on the left foot, but no palpa-
ble or Dopplerable pedal pulses on the right foot. The patient had Dopplerable
pedal pulses and femoral pulses bilaterally prior to surgery. 

Differential Diagnosis

The differential diagnosis for an ischemic limb immediately following aortic
surgery includes atheroembolism, hypercoagulable disorder, raised intimal flap
at the anastomotic site, inadequate anticoagulation during the procedure, and
congestive heart failure. In this particular patient, a palpable femoral pulse bilat-
erally suggests patency of the newly placed aortobifemoral graft. Inability to
find pulses of the right popliteal region or distally suggests a problem originat-
ing anywhere from the distal graft anastomosis to the foot, and all of the afore-
mentioned diagnoses are a possibility. 

Discussion
To optimize the outcome of patients suffering acute graft occlusion or limb is-
chemia after aortic surgery, and in an attempt to limit the morbidity and mor-
tality, a prompt diagnosis is essential. An important portion of aortic surgery is
to examine the patient’s legs while still on the operating table at the conclusion
of the procedure and to obtain Doppler or palpable distal pulses. The surgical in-
struments are kept sterile and the operative team remains scrubbed until these
goals are met. If pulses are not found at the conclusion of a procedure and reop-
eration is required, then little time is wasted. 

In general, when a limb salvage operation is undertaken, there is more ad-
vanced disease in the arterial tree, requiring a more complicated procedure with
a higher incidence of acute thrombosis. In a series of 364 patients who under-
went aortobifemoral bypass from 1973 to 1982, Ameli et al. reported an inci-
dence of acute limb ischemia of 3.3%. Similarly, in a classic long-term evalua-
tion of reconstructive aortic surgery, Szilagyi et al. reported a rate of graft
occlusion of 8.3% in an interval from 1954 to 1963. This decreased to 2.4% in
the 1964 to 1973 era, and rose slightly to 3.2% in the period between 1974 and
1983. This demonstrated the improved operative results that occur from the
large experience. 
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Maintaining a sterile environment with the surgical team, as well as the sur-
gical instruments, minimizes time required for reoperation, if indicated, at the
end of the initial procedure. Although other imaging modalities (angiography,
magnetic resonance angiography, ultrasound duplex evaluation) are used in a
preoperative evaluation of a patient with chronic ischemia, these procedures
also take valuable time to complete. Perioperative imaging outside the operative
suite requires time to prepare for and perform the procedure, interpret the re-
sults, and return to the operative suite, if needed. When working with a time-
sensitive problem, such as acute limb ischemia with the inherent possibility of
limb loss if not treated promptly, this is valuable time wasted in current prac-
tice. The diagnosis of acute limb ischemia is usually made easily by careful phys-
ical examination at the end of the procedure. The exact cause of the ischemia
can be diagnosed by examination of the anastomotic site or by arteriography.
Within most vascular surgical practices, if acute limb ischemia is present and
angiography is warranted, angiography can commonly be performed in the op-
erative suite, on the operating table using a C-arm. If one is fortunate enough to
have an operative endo-suite, a fixed fluoro unit may be used as well. 

Recommendation

Proceed with interoperative arteriography and immediate reexploration. 

� Interoperative Arteriography
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Figure 33-1

Arteriography Report

Arteriography of the right leg is shown with an isolated segment of the knee
and proximal calf. A patent proximal popliteal artery is seen with abrupt occlu-
sion of the mid-popliteal artery. Multiple small collateral vessels are seen around
the knee. There is reconstitution of the proximal anterior tibial artery just distal
to the origin. The posterior tibial and peroneal arteries are not visualized. 



Discussion 
It is important to prep the patient so that all avenues of access may be per-
formed, including abdominal, femoral, and lower extremity access. This necessi-
tates prepping the patient from the sternum down to, and including, circumfer-
ential prep of both legs. The easiest initial approach is to open and explore the
groin region. This is especially true if there is a palpable femoral pulse, suggest-
ing an infra-inguinal problem. 

� Surgical Approach

The patient is immediately reheparinized and anticoagulated to prevent any fur-
ther thrombosis or propagation of clot up through the graft, which may involve
the opposite limb and therefore cause thrombosis and ischemia of the opposite
leg. Vascular clamps are applied to the femoral limb of the graft and the pro-
funda femoris vessels and superficial femoral artery, once they are exposed. A
vertical incision is made in the toe of the aortofemoral graft, if present, so as not
to cross any of the suture lines. If no graft limb is present, a transverse incision is
made in the common femoral artery to allow access to the profunda femoris
and superficial femoral artery origins. The incision is placed so that the orifices
of the superficial femoral and profunda femoris branches can be visualized
clearly. If the proximal graft limb is occluded, Fogarty catheters are used to per-
form graft thrombectomy of the aortic graft limb. Following return of pulsatile
flow, the limb of the graft is filled with heparin saline to avoid in situ thrombo-
sis while the distal vascular system is cleared. At this point, the distal outflow
tract to the profunda femoris artery and superficial femoral artery is examined
for any evidence of a raised intimal flap, or any technical error in construction
of the anastomosis that may have led to the initial thrombotic process. No tech-
nical errors are found, so the profunda femoris artery and superficial femoral
artery are thrombectomized using Fogarty catheters. 

Back flow is obtained, and then completion angiography is performed. In
patients with a patent distal arterial tree in the lower extremity, it is especially
important to examine the limb for any evidence of distal thrombosis or migra-
tion of clot, which may cause ongoing ischemia in the lower extremity, despite
having a clear aortobifemoral limb. 

� Arteriogram

164 Case 33

Figure 33-2



Angiogram Report

An isolated arteriogram film of the right knee and proximal calf demonstrates
good flow within the popliteal artery, with three-vessel run-off to the calf via
the anterior tibial, posterior tibial, and peroneal arteries. No residual thrombus
is noted when compared to the arteriogram in Figure 33-1. A guide wire is seen
in the tibial peroneal trunk. 

Case Continued

There are strong palpable pedal pulses of both the dorsalis pedis and posterior
tibial arteries following this procedure. The period of ischemia was rather short,
and therefore fasciotomy is not performed; however, close observation is main-
tained with attention to neurologic examination of the limb postoperatively.
The patient is extubated at the termination of the procedure. There are good
palpable pulses in both limbs, and the patient is taken awake and alert to the in-
tensive care unit for further monitoring. The thrombus and debris removed
with thrombectomy appear to be consistent with embolization of material from
the proximal aorta. 

Discussion
If a distal thrombus is noted, thrombectomy is attempted from the femoral inci-
sion. On occasion, it is impossible to clear the distal popliteal artery from the ar-
teriotomy in the groin alone. In these patients, an infrapopliteal incision may
be required. Exposure is performed of the distal popliteal artery and the origin
of the anterior tibial and tibial peroneal trunk. The vessels are dissected free so
that the Fogarty catheter can be placed selectively in each tibial branch to ob-
tain a complete thrombectomy, as required. The most difficult cases are those in
which there is a superficial femoral artery occlusion and/or some disease of the
profunda femoris outflow tract. When the profundaplasty itself is unable to sus-
tain the patency of an aortobifemoral limb, a distal bypass procedure may be re-
quired. This is usually a bypass to the infragenicular popliteal or tibial vessels.
Many times, bypass can be accomplished with prosthetic material; however, if
bypass below the knee is needed for assistance in patency, the use of autogenous
venous conduit will provide the patient with the best chance for long-term pa-
tency and limb salvage. Using autogenous material, however, entails a longer
procedure. This must be considered, as well as the overall condition of the pa-
tient, prior to deciding which procedure would be most appropriate. 

Following thrombectomy, if no technical error can be found and there is
good outflow, the patient should be evaluated for a coagulation disorder. One
common problem that is encountered is a heparin-induced platelet aggregation
disorder. A platelet count can be obtained fairly quickly in the operative suite. If
the platelet count is not markedly decreased, heparin-induced platelet aggrega-
tion is not a likely cause of any abnormal clotting disorder. At this point, more
blood can be drawn for other coagulation studies, including antithrombin III,
protein C, protein S, and fibrinogen studies. These studies will often take several
hours or days to perform; therefore, treatment must be ongoing while awaiting
results. Two units of fresh frozen plasma should be administered immediately,
followed by one unit of fresh frozen plasma at least every 6 to 8 hours. Fresh
frozen plasma is a “shotgun” therapy for a multitude of plasma deficiencies that
can otherwise result in a thrombotic state leading to graft thrombosis. The pa-
tient is completely heparinized, and full anticoagulation is continued in the
postoperative period at least until all coagulation studies are returned. Due to

Case 33 165



ongoing anticoagulation, meticulous hemostasis must be obtained prior to com-
plete closure, to avoid any postoperative wound hematoma or bleeding, which
may result in an increased incidence of wound complications and infection. De-
pending on the amount and duration of the lower limb ischemia, the involved
limb should be examined for evidence of compartment syndrome. If there is
any evidence of swelling in the calf, or a high index of suspicion of possible
compartment syndrome, then four-compartment fasciotomy of the lower ex-
tremity should be considered. Fortunately, this step is only necessary in severely
ischemic extremities or those that have been ischemic for prolonged periods.

Careful preoperative evaluation, preoperative monitoring, and precise opera-
tive technique have reduced the operative mortality of aortic surgery to 2% to
8% in most institutions. Starr et al. emphasized the importance of distal clamp-
ing prior to proximal clamp placement as another step in aneurysmal and aortic
surgery. Other important factors in performing aortic surgery and aortobifemoral
bypass include appropriate flushing with heparin saline during all anastomosis,
flushing both proximally and distally prior to restoration of flow to the lower ex-
tremities, and careful selection of clamp sites on the diseased distal vessels to pre-
vent atheromatous embolization. Imparato emphasized the importance of avoid-
ing placement of clamps on common iliac arteries, especially in patients with
aneurysmal disease, because of the frequency of aneurysmal degeneration of the
common iliac artery. The common iliac artery is also often a site of calcified
atheromatous plaques that can shatter on clamp placement, showering the distal
circulation with debris and leading to ischemia of the pelvis, perineum, and
lower extremities. Imparato recommended placing the distal clamps on the hy-
pogastric and external iliac arteries, which in his series resulted in an incidence
of postoperative limb ischemia of 0.57% in over 700 abdominal aortic aneurysm
resections (the best reported rate in current literature). 

Equally important as clamp placement prior to performing anastomosis is
removal of the vascular clamps in an orderly process, so as to minimize the risk
of embolization. The proximal clamps should be transiently released, allowing
any thrombus that had developed in the cul-de-sac between the renal vessels
and the proximal clamp to be removed and flushed out. Distal clamps should be
sequentially removed to assure that there is back bleeding, prior to allowing an-
tegrade flow down the lower extremities. If there is no back bleeding, minimal
back bleeding, or if a thrombus is found in the iliac vessels or distal limbs of the
graft prior to allowing antegrade flow, a Fogarty catheter should be inserted cau-
tiously to remove thrombus or any atherosclerotic debris. Once the vessels are
cleared of debris, flow is restored. If limb ischemia is noted following these pro-
cedures, the groin is opened to provide access to the femoral bifurcation, which
permits operative angiography as well as better directed thrombectomy of the
profunda femoris vessels and the superficial femoral artery.

If further atherosclerotic debris is found, or an intimal flap is noted, this
must be addressed either with local endarterectomy and tacking of the plaque to
the arterial wall, or a more distal bypass procedure. Raised intimal flaps at the
distal anastomosis were noted to be the cause of ischemic problems in nearly
18% of the cases in a series reported by Towne et al. In a series by Ameli et al.,
the most common etiologic factors for graft failure were an elevated intimal flap
(25%), kinking of the graft (8%), and postoperative hypotension (8%). With
careful selection of the anastomotic site, attention to the site used for placement
of clamps, and attention to technical aspects of anastomosis, intimal flaps are a
preventable cause of limb ischemia. 

Review of complications of ischemic compared to nonischemic extremities
following aortic surgery generally shows an overall increase in complications of
all categories, suggesting a generalized nonspecific cause leading to increased
morbidity. The primary additional factor in these patients’ care is that all pa-
tients with ischemic extremities require repeat induction of anesthesia or pro-
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longed anesthesia. Therefore, prevention of limb ischemia is essential to de-
crease overall operative morbidity or mortality. 
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Presentation

You are called to the surgical intensive care unit (SICU) to see a 72-year-old man
who had 3 episodes of watery diarrhea 8 hours after elective resection of a 6.8-
cm abdominal aortic aneurysm (AAA). His AAA was initially recognized on
spine radiographs obtained because of chronic back pain. A preoperative evalua-
tion demonstrated mild chronic obstructive pulmonary disease, stable coronary
artery disease, status post coronary artery bypass grafting. Formal assessment of
cardiac status with an echocardiogram and Persantine thallium scan revealed no
evidence of inducible ischemia and an ejection fraction of 38%. 

The patient has undergone open repair of his AAA with an aorto-aortic (tube
graft) reconstruction. During surgery, the neck of the aneurysm was clamped
above both renal arteries right at the base of the superior mesenteric artery.
Suprarenal clamp time was 28 minutes, at which time the proximal anastomosis
was completed at the level of the renal arteries. The clamp was then placed
across the body of the graft in the infrarenal position. The distal anastomosis
was accomplished at the aortic bifurcation with an end-to-end reconstruction. 
A large amount of thrombus was present in the aneurysm sac. The thrombus
was removed and two sets of lumbar arteries oversewn. The orifice of the infe-
rior mesenteric artery was minimally back bleeding, and was oversewn within
the aneurysm sac. Following the operation, he was extubated and transferred to
the SICU. Three watery stools are noted that evening, but there was no blood
detected. 

Differential Diagnosis

Multiple etiologies are considered in the differential diagnosis for ambulatory
patients with diarrhea. The differential diagnosis of postoperative diarrhea oc-
curring in patients following elective general surgery procedures is also substan-
tial. In the immediate postoperative period following open repair of an AAA,
however, there is really one primary concern: intestinal ischemia. Most com-
monly, this is colonic ischemia.

Discussion
Occasionally, early postoperative diarrhea or a loose stool following aortic
surgery can be relatively benign. Because most patients come to the hospital the
morning of surgery and may have had an outpatient bowel prep, this can on
rare occasion represent expulsion of retained colonic prep contents. Mechanical
compression of the descending-sigmoid colon from intraoperative retraction
may also stimulate an early postoperative stool. In either event, this should be
self-limited and is not associated with metabolic changes. More than one loose
stool, bloody diarrhea, hemodynamic instability, or metabolic changes are espe-
cially suggestive of colonic ischemia.
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Case Continued 

The morning after surgery (18 hours after the completion of surgery) the patient
is noted on rounds to have had 3 more loose stools during the night. The last 
is tinged with blood. He has a stable hemoglobin and hematocrit, his blood 
pressure is 140/90 mm Hg, heart rate is 110 beats per minute, and respirations
are 20 per minute. His metabolic panel and coagulation parameters are normal
with the exception of a persistent metabolic acidosis (pH 7.28). A colonoscopy 
is ordered.

� Endoscopic Evaluation 
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Figure 34-1

Endoscopic Evaluation Report

Advanced ischemic colitis with pseudomembranes, deep erosions, and ulcera-
tion is detected. The colonic segment has a dark, ecchymotic appearance and is
noncontractile.

Discussion
No laboratory tests are pathognomonic of intestinal ischemia. However, persis-
tent acidosis and elevated phosphorous or creatine kinase levels following aortic
surgery help support the diagnosis. Fiberoptic colonoscopy is the diagnostic
modality of choice to confirm the diagnosis. Precise determination of the sever-



ity of ischemia is difficult. In general, small areas of patchy mucosal erythema,
pallor, or ecchymosis are consistent with mild ischemia confined to the mucosa.
More extensive changes with large confluent areas of involvement indicate
moderate ischemia. More advanced ischemic changes include a flaccid or rigid
colonic segment with widespread discoloration, friability, ulceration, and fis-
sures. These and other signs of advanced ischemia are suggestive of more than
simple mucosal involvement. Some have recommended mucosal biopsy as an
aid to quantifying the severity of ischemia, but this is not uniformly performed
and may delay timely intervention. Similarly, intraluminal tonometry had a pe-
riod of support, but is not frequently performed. The diagnosis in virtually all
cases relies on clinical suspicion and endoscopy. 

Case Continued

The patient is returned to the operating room 22 hours following the original
procedure. A segmental area of the mid-sigmoid is recognized as profoundly is-
chemic, although no transmural infarction or soilage has occurred. A sigmoid
resection with creation of a mid-descending end colostomy and a distal rectal
stump (Hartmann’s procedure) is performed. The patient tolerates the procedure
well, and is discharged on postoperative day 10. Two months later, he has re-
gained his preoperative weight and resumed all normal activities of daily life.

Discussion 
Intestinal ischemia following aortic surgery is not rare. After elective aortic
surgery, the incidence of clinically significant ischemic colitis ranges from 0.2%
to 10%, with an average of 2.0%. When actively sought and objectively deter-
mined by endoscopy, the incidence of colon ischemia is 6% following elective
aortic resection. In patients operated on for a ruptured AAA, serious clinical se-
quelae can result from even moderate ischemic changes to the intestine. These
changes lead to the breakdown of the mucosal barrier function with transloca-
tion of bacteria, release of toxic waste products, and stimulation of ischemic in-
flammatory mediators. Loss of fluid and electrolytes can be substantial. 

The clinical recognition of coexisting cardiac disease and the concomitant
ability to diagnose and treat coronary artery disease, as well as better intraopera-
tive and perioperative monitoring, has reduced mortality following elective aor-
tic surgery. As the cause of mortality has shifted from cardiac disease to multi-
system organ failure, the role of overt or subtle intestinal ischemia has become
increasingly recognized as a contributing factor. There are several vulnerable ar-
eas within the intestinal circulation and several mechanisms by which intesti-
nal ischemia can occur. A classic clinical presentation includes diarrhea, bloody
diarrhea, or liquid stool in the immediate postoperative period. Persistent or
progressive acidosis, unexplained hyperphosphatemia, leukocytosis, and eleva-
tion of intestinal enzymes may occur, but are sufficiently unreliable to eliminate
the diagnosis.

Mechanisms of intestinal ischemia following aortic reconstruction include
thrombosis of intestinal arcades secondary to hypotension; embolization of
aneurysmal contents; traction injury on intestinal arcades; inappropriate tech-
nique when ligating the inferior mesenteric artery (IMA); and failure to appreci-
ate the significance of a patent IMA serving as a major blood supply to a seg-
ment of intestine, or as a major collateral in the presence of significant celiac
and superior mesenteric artery stenosis/occlusions. Unrecognized hypovolemia,
use of pressor drugs intraoperatively and inadequate anticoagulation, hypercoag-
ulable states and heparin-induced thrombocytopenia are other mechanisms con-
tributing to postoperative intestinal ischemia-infarction. The collateral circula-
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tion to the gut is robust (Fig. 34-2), but can be compromised by normal anatomic
variation, hypoplasia of intestinal arcades serving as potential collaterals, pre-ex-
isting atherosclerotic narrowing, and intraoperative injury or thrombosis. 

Intestinal ischemia is usually confined to the sigmoid colon, but may in-
volve the splenic flexure or even the right or transverse colon. On rare occasion,
small bowel ischemia or extensive infarction of wide areas of the gut may occur.
The latter typically occurs in the setting of pre-existing stenoses/occlusions of
the celiac and superior mesenteric arteries, or as a result of injury to one or the
other of these vessels. Significant rectal ischemia is also rare, and is often a result
of hypotensive episodes secondary to substantial perioperative blood loss or 
hypogastric arterial occlusion.

At the time of aortic reconstruction, any change in status of the intestine,
namely color change, hypoperistalsis or hyperperistalsis, or loss of a pulsation in
the intestinal arcades, should call for Doppler assessment of the intestinal circu-
lation. Doppler pulses should be readily apparent at the mesenteric border of
the gut, and are usually detected at the antimesenteric border in properly resus-
citated patients with normal perfusion. 
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Figure 34-2 The collateral circulation to the intestine occurs at several levels. Well-recog-
nized visceral-visceral and visceral-parietal collateral branches and anastomoses are im-
portant. Unnamed intestinal arcades and the intramural anastomoses are effective short-
segment collaterals. 



Some have advocated routine reimplantation of the IMA at every aortic re-
construction, whereas others do so selectively. Regardless, IMA reimplantation
does not guarantee that colonic ischemia will not develop. This should not be
surprising, given the multiple mechanisms that cause or contribute to colonic
ischemia. Nevertheless, it is good clinical practice to assess colonic viability at
the time of every aortic reconstruction, and to appropriately reimplant the IMA
and/or revascularize an internal iliac artery when such is required.

When suspected intestinal ischemia is confirmed by endoscopy, an early re-
turn to the operating room for resection of the involved gut with fully diverting
ostomies is favored, rather than a temporizing watchful waiting approach. Un-
doubtedly, some cases of relatively mild mucosal ischemia will heal; however,
the possibility of missing an area of full-thickness ischemia with potential for
perforation can be dangerous. Delayed return to the operating room results in
fluid shifts, bacterial and toxin translocation, and progression of ischemia or he-
modynamic instability. Ultimately, multisystem organ failure may develop. Re-
turn to the operating room for resection of the involved ischemic gut under
these circumstances is less than ideal, and may be associated with increased
mortality. Published reports regarding colonic ischemia after aortic surgery suffi-
cient to require reoperation predict 50% mortality. Mortality increases to 75% to
80% if perforation and peritoneal/retroperitoneal contamination has occurred.
At the time of re-exploration, fully diverting ostomies at the appropriate level
and mucous fistula or Hartmann’s pouch are preferred to primary anastomosis.
In rare circumstances, an abdominal-perineal resection may be required. Con-
sideration of colostomy closure should await full recovery from the initial surgi-
cal procedure(s), an interval that typically mandates 2 to 3 months.

Prevention of intestinal ischemia after aortic reconstruction is preferable
to treatment. The problem is not rare. Diagnosis depends on endoscopy. Prompt
return to the operating room for other than mild ischemic changes is advo-
cated.

A final caveat: as endovascular techniques for aortic reconstruction con-
tinue to evolve, there is a sense that the incidence of intestinal ischemia is
somewhat less than that following open repair. This issue has not been properly
addressed in a prospective fashion.

Suggested Readings
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Presentation

A 69-year-old man is referred for evaluation of enlarged aortic shadow detected
on a routine chest radiograph. His past medical history is significant for mild
chronic obstructive pulmonary disease (COPD), gout, and non–insulin-depen-
dent diabetes. Physical examination is notable for decreased breath sounds
throughout both lung fields, mild truncal obesity, a questionable abdominal
aortic aneurysm, and normal femoral/popliteal/pedal pulses bilaterally. A
chest/abdomen/pelvic computed tomography (CT) scan is obtained at the time
of referral (Fig. 35-1). 

� CT Scan
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CT Scan Report

CT scan shows a 6.9-cm thoracoabdominal aortic aneurysm (TAA) that begins in
the mid descending thoracic aorta and extends to the aortic bifurcation. There is
no evidence of rupture, although there is a moderate amount of intraluminal
thrombus throughout the abdominal component. There is some evidence of old
granulomatous disease in the lung and diverticulosis in the descending colon. 

Diagnosis 

Type III TAA.

Discussion
TAAs are relatively uncommon and account for 2% to 5% of all aortic
aneurysms with the annual volume of operative repairs in the United States less
than 1000 procedures. The mean age (69 ±9 years) of patients undergoing repair
is comparable to that for abdominal aortic aneurysms (AAA), although the
breakdown is roughly equal by gender in contrast to the male predominance
(4:1) for AAAs. The TAAs are classified by the proximal and distal extent of the
aneurysmal aorta (Fig. 35-2), with most large clinical series comprised of compa-
rable numbers of the 4 types. 

Risk factors include prior aortic dissections and connective tissue disorders
in addition to those traditionally reported for AAAs (family history, smoking,
hypertension, aneurysms in other locations). Notably, 20% of all TAAs are se-
quelae of chronic aortic dissections, while the incidence of TAAs among first-de-
gree relatives of the proband is also 20%.

The natural history of TAAs is to continue to enlarge and ultimately rupture,
although the course is not as well described as that for AAAs. One clinical series
reported that the 2-year survival of patients with large TAAs that did not un-
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Figure 35-2 Reprinted from Ernst CB, Stanley JC. Current Therapy in Vascular
Surgery. 4th ed. St. Louis: Mosby; 2001:266; with permission.



dergo operative repair was only 24%, and that half of the deaths were due to
aneurysm rupture. A more recent series reported that the combined annual rup-
ture/dissection/mortality rate for TAAs larger than 6 cm was 14% and the hinge
point for accelerated adverse events for the TAAs was 7 cm. The risk factors for
rupture are similar to those for AAAs and include aneurysm diameter, COPD, fe-
male gender, advanced age, and renal insufficiency. The annual growth rate for
aneurysms in the descending thoracic aorta is approximately 1.9 mm/y, while
that for infrarenal AAAs is approximately 4 mm/y.

The treatment of TAAs is contingent upon the balance between the rupture
risk and the morbidity/mortality associated with operative repair, because there
are no effective nonoperative therapies. The operative mortality for intact TAAs
is approximately 10% in the larger institutional series from centers of excel-
lence, but is 22% in the country as a whole. The incidence of paraplegia/para-
paresis and renal failure are approximately 10% and 15%, respectively. The pre-
dictors of operative mortality include preoperative renal failure, emergent
operation, advanced age, advanced preoperative comorbidities, and postopera-
tive complications. Notably, postoperative neurologic events and renal failure
are associated with a 16-fold and 6-fold increased incidence of death, respec-
tively. The quality of life after elective TAA repair is reasonable, with one series
reporting a “good” outcome (alive/ambulatory/living at home) of 65% at 6
months. The estimated 5-year survival (Kaplan-Meier) after TAA repair is
approximately 60%, and is comparable to that after AAA repair. Late aortic
events and/or graft complications occur in up to 10% of individuals after TAA
repair, thereby justifying lifetime surveillance. The threshold aortic diameter
that merits repair remains undefined because there are no randomized trials;
however, a maximal transverse measurement of 6 to 6.5 cm is likely appropriate
in good-risk patients with reasonable life expectancies. A slightly smaller diame-
ter may be appropriate for patients with chronic dissections secondary to Mar-
fan’s disease. 

Recommendation

Continue preoperative evaluation and consider operative repair.

Case Continued

The patient is found to have a small area of reperfusion on an adenosine thal-
lium study, which precipitates a cardiac catheterization. This shows some
mild/moderate diffuse coronary artery disease and an estimated ejection frac-
tion of 55%. His cardiologist “clears” him for surgery without recommendations
for additional intervention. The patient’s room air blood gas is within normal
limits and his forced expiratory volume in 1 second (FEV1) is 70% of the pre-
dicted value. The remaining components of his pulmonary function tests are
consistent with a mild obstructive defect. His serum creatinine level is 1.2
mg/dL and the other routine serum chemistries and hematologic studies are all
within normal limits. Ankle brachial indices are greater than 1.0 bilaterally. 

Discussion
The decision to recommend TAA repair is contingent upon a thorough assess-
ment of the operative risk. This entails surgeon, institution, and patient-related
factors. Similar to most complex surgical procedures, the perioperative mortality

Case 35 175



rate has been reported to vary inversely with both surgeon and institutional vol-
ume. These findings and the marked disparity between the mortality rates in the
larger institutional series and the country as a whole appear to justify referral to
select centers of excellence. Patient evaluation includes risk stratification by the
individual organ system with specific attention to the cardiac, pulmonary, and
renal systems, given the older patient population and the known perioperative
complications. Cardiac examination should include an assessment of left ven-
tricular function and some type of functional study (eg, dobutamine echo,
adenosine thallium), although routine cardiac catheterization is likely justifi-
able given the magnitude of the operative procedure. Notably, left ventricular
dysfunction has been reported to be the strongest predictor of adverse cardiac
events. Pulmonary assessment should include routine pulmonary function tests
and room air blood gas, because pulmonary problems are the most common
postoperative complication and occur in more than 25% of the patients. It is
mandatory that all patients stop smoking well in advance of their procedure. A
serum creatinine determination is a sufficient assessment of renal function. Sim-
ilar to AAA repair, an elevated creatinine level is a significant predictor of post-
operative renal failure/mortality, and some authors have contended that a crea-
tinine level higher than 2.5 mg/dL is an absolute contraindication to TAA repair.

A thin-cut CT scan of the chest/abdomen/pelvis is the diagnostic test of
choice and is usually sufficient to plan the operative procedure. The relevant CT
scan findings include the proximal/distal extent of the aneurysm, size/appear-
ance of the kidneys, the character of the aortic lumen, and the involvement/ap-
pearance of the visceral and renal vessels. Additionally, imaging with either a
standard contrast or magnetic resonance arteriogram may be helpful for pa-
tients with aortic dissections and arterial occlusive diseases in the iliac/renal/vis-
ceral vessels. Notably, significant renal and/or visceral arterial occlusive disease
has been reported in up to 30% of patients undergoing TAA repair.

Recommendation

Operative repair.

� Surgical Approach

The patient undergoes operative repair through a thoracoabdominal incision
extended through the eighth intercostal space. A spinal drain is placed for con-
tinuous drainage of the cerebrospinal fluid. A limited lateral, circumferential in-
cision in the diaphragm is made, and the crus is taken down to facilitate aortic
exposure. The patient is given Solu-Medrol, renal-dose dopamine, and mannitol
prior to clamp application, although no heparin is given. The renal arteries are
flushed with iced lactated Ringers after clamp application. A 22-mm Dacron
tube graft is implanted from the mid-thoracic aorta to the bifurcation. The supe-
rior mesenteric artery (SMA) is perfused after the proximal anastomosis using a
side-arm graft attached to the main graft and a perfusion catheter. The SMA,
celiac axis, and right renal artery are reimplanted as a patch, while the left renal
artery and intercostal vessels from T9 to T12 are reimplanted separately. Fresh
frozen plasma and platelets are transfused after reimplanting the visceral patch
and left renal artery. 

Discussion
There are a variety of techniques to repair TAAs, and excellent clinical outcomes
have been reported with each. Each technique has certain advantages/disadvan-
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tages and vocal proponents, although there is no consensus and it is conceiv-
able that the most significant factor affecting outcome is the experience of the
operative team/institution rather than technique itself. The common tech-
niques include aortic occlusion and graft implantation alone (“cut and sew”),
aortic occlusion and graft implantation with visceral perfusion adjuncts
(sidearm graft/catheter, multiport catheter), complete circulatory arrest, and dis-
tal perfusion during graft implantation (atrial-femoral bypass with a Bio-
Medicus pump, indwelling aortic shunt [Gott shunt], axillary-femoral graft).
Among these, distal perfusion with atrial-femoral bypass and “cut and sew”
with or without visceral perfusion adjuncts are likely the most common. No-
tably, endovascular repair has been reported and may represent the “next fron-
tier” of aortic endografting, although the experience is very limited and cur-
rently experimental.

Spinal cord injury is one of the most feared complications of TAA repair. Is-
chemia from temporary or permanent disruption of the spinal cord blood sup-
ply is likely the most common mechanism, although other factors (including
emboli and reperfusion injury) may contribute. The thoracic spinal cord is par-
ticularly susceptible to ischemic injury due to its tenuous blood supply. The
artery of Adamkiewicz, a branch of one of the intercostal arteries, feeds the ante-
rior spinal artery that supplies the lower cord and cauda equina. This artery en-
ters the vertebral canal between the 9th and 12th vertebrae in approximately
75% of individuals. Spinal cord injury is associated with the duration of aortic
cross clamp, the extent of the TAA (types I and II more than types III and IV),
emergency procedures, and aneurysms associated with dissections. Strategies de-
signed to reduce the incidence of spinal cord ischemia can be classified into
those that maintain spinal cord perfusion and those that are neuroprotective.
The former include identification of the critical spinal cord vessels, distal aortic
perfusion, cerebrospinal fluid (CSF) drainage, and reimplantation of the inter-
costals vessels, while the latter include systemic/regional hypothermia and a va-
riety of pharmacologic agents. CSF drainage and reimplantation of the inter-
costals are among the most widely applied techniques. Both are fairly simple
and are associated with only minimal complications. Indeed, CSF drainage has
been shown to reduce the incidence of spinal cord injury after TAA repair in a
randomized, controlled trial. The technique is based upon the principle that re-
ducing the CSF pressure augments spinal cord perfusion, because the spinal per-
fusion pressure is the difference between the arterial pressure below the aortic
clamp and the CSF pressure. The intercostal vessels between T8 and L1 can be
reimplanted as a patch, similar to the visceral artery patch, with large vessels
and those with poor back bleeding being the most compelling. 

TAA repair may be associated with significant bleeding from either technical
(surgical) or coagulopathic causes. Strategies should be employed in concert
with the anesthesia team to assure adequate resuscitation and to avoid develop-
ing a coagulopathy. These should include the use of autotransfusion devices, ad-
juncts to maintain normothermia, use of blood products as volume replace-
ments, limiting the duration of visceral ischemia, and avoiding the use of
heparin. Additionally, aggressive blood product replacement with fresh frozen
plasma and platelets should be initiated after reimplanting the visceral vessels,
even if the coagulation studies or platelet counts are within normal limits. Not
using heparin potentially increases the risk of developing thrombi in the graft
and/or outflow vessels. However, appropriate strategies for the sequence/posi-
tion of the aortic clamping, liberal flushing of the graft, and prophylactic
thrombectomy of the outflow vessels all reduce this potential risk.

A few technical points merit further comment. The innervation of the di-
aphragm should be preserved to maintain its integrity and to reduce the inci-
dence of postoperative respiratory problems. The phrenic nerve innervates the
central portion of the diaphragm and is disrupted with a radial incision. It is
usually possible to obtain sufficient exposure of the aorta by incising only a
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small portion of the diaphragm laterally using a circumferential incision in con-
cert with taking down the left crus. The exposure can be facilitated by placing a
Penrose drain through the remaining intact portion of the diaphragm and mo-
bilizing it as necessary to perform the various anastomoses. The extent of the
visceral patch should be limited as much as possible to avoid subsequent
aneurysmal degeneration. This can be accomplished by limiting the patch to
the SMA, celiac axis, and right renal artery, and by placing sutures for the patch
close to the orifices of the visceral vessels. The left renal artery should be
bypassed or reimplanted separately, and a prosthetic limb can be sewn to the
main body of the aortic graft prior to the proximal aortic anastomosis. The by-
pass graft to the left renal artery should be made as short as possible, because it
is prone to kinking if left too long when the kidney is returned to its normal
position. 

Case Continued

The initial postoperative course is uncomplicated. On the second postoperative
day, the patient’s spinal drain becomes inadvertently dislodged and is removed.
On the morning of his third postoperative day, he is weaned from mechanical
ventilation and extubated. Later that afternoon, he becomes paraplegic.

Recommendation

Replace the spinal drain and optimize both hemodynamic status and oxygen-
carrying capacity.

Discussion
Delayed paraplegia may develop in a small percentage of patients after TAA re-
pair. The responsible mechanisms are outlined above and include ischemia,
reperfusion injury, and cord edema. Multivariate analysis has shown that para-
plegia is associated with type II repairs, chronic dissections, spinal drain compli-
cations, and hypotension. The spinal drain should be left in place for 72 hours
postoperatively to optimize the spinal perfusion. Treatment strategies include
replacing the spinal drain if it has been removed, and optimizing both the he-
modynamic status and oxygen-carrying capacity. The latter approaches are di-
rected at reducing the spinal cord ischemia and include volume expansion, sup-
plemental oxygen, and liberal packed red blood cell transfusions. These
maneuvers may occasionally reverse the delayed paraplegia. 
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Presentation 

A 79-year-old man treated with peritoneal dialysis because of end-stage renal
disease presents with asymmetric swelling of the right lower extremity after a
10-hour car trip. His dialysis management has been uncomplicated with good
uremic control and stable weight. A computed tomographic (CT) examination
of the abdomen and pelvis without intravascular contrast at the time peritoneal
dialysis was initiated, 4 years prior, showed normal intraperitoneal distribution
of contrast, a 5-cm hepatic cyst, and a 2.8-cm abdominal aortic aneurysm, but
was otherwise normal for age. His medical history also includes hypertension,
and gastric carcinoma status post partial gastrectomy and Billroth II reconstruc-
tion. 

Differential Diagnosis

Lower extremity swelling may be due to low protein states, venous obstruction,
and lymphatic obstruction. Venous obstruction may be due to right-sided heart
failure, extrinsic mass or inflammation compressing venous structures, or deep
vein thrombosis. Lymphatic obstruction can be congenital due to lymphatic hy-
poplasia, or infectious, neoplastic, or iatrogenic causes due to interruption of
lymphatic channels. This patient’s history of unilateral leg swelling after pro-
longed immobility suggests acute deep venous thrombosis (DVT). 

Recommendation 

Venous Doppler studies to rule out DVT are ordered. 

Diagnostic Vascular Lab Report 

No evidence of DVT in the right lower extremity. Doppler waveforms are abnor-
mal in the distal external iliac, common femoral, and proximal femoral veins.
Doppler waveforms in the left external iliac and common femoral veins are
normal. 

Clinical Follow-up

At the patient’s next clinic visit, you note cold feet and some hyperpigmenta-
tion in the calves. You order a bilateral lower extremity arterial Doppler study
and an abdominal aortic aneurysm scan. 
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Diagnostic Vascular Lab Report 

Ankle-brachial indices are normal. Arterial waveforms at the ankles are tripha-
sic. An infrarenal abdominal aortic aneurysm was imaged and measures 2.9 cm
in largest transverse diameter. The common iliac arteries measure 2.1 × 2.0 cm
on the right, and 1.4 × 1.3 cm on the left.

The diagnostic vascular lab report rules out deep venous thrombosis distal
to the inguinal ligament as a cause of the patient’s unilateral leg swelling. Ob-
struction of the iliac vein remains a possibility. You order a new CT examination
of the abdomen and pelvis.

� CT Scan of the Abdomen and Pelvis
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Figure 36-1

CT Scan Report

Pelvic CT examination shows a right hypogastric (or internal iliac) artery
aneurysm measuring 6 × 7 cm. A large amount of thrombus is present within
the aneurysm. The confluence of the right external and internal iliac veins and
the adjacent common iliac vein are severely compressed. 

Diagnosis and Recommendation

The patient has a large right hypogastric artery aneurysm with extrinsic com-
pression of the ipsilateral iliac veins. The standard treatment of this lesion is
aneurysmorrhaphy with debulking of the thrombus and oversewing branch ar-
teries originating from the aneurysm. The patient’s renal failure and peritoneal
dialysis complicate a transperitoneal approach to the aneurysm. The large size
of this aneurysm makes retroperitoneal exposure of the aneurysm and its
branches a challenge. You consider the merits of open versus endovascular treat-
ment of the aneurysm.

Open surgical treatment of hypogastric artery aneurysms requires eliminat-
ing arterial inflow and outflow to the aneurysm. Treatment depends on whether
the aneurysm extends to the common iliac artery. If there is a proximal cuff of
normal internal iliac artery, it is clamped and oversewn. Treatment is completed



by opening the aneurysm, evacuating thrombus, and oversewing hypogastric
artery branches that are back bleeding into the shell of the aneurysm. If the
common iliac artery is also aneurysmal, then proximal control of the aneurysm
requires construction of an iliac artery interposition graft. Debulking the
aneurysm by removal of the thrombus may relieve the venous obstruction. En-
dovascular treatment is modeled on open surgical treatment. Control of outflow
vessels requires catheterization of internal iliac branches close to their origin
from the aneurysm, and proximal embolization, most often by means of metal-
lic coils or glue. Control of aneurysm inflow is accomplished by deploying an
endograft from the common to the external iliac arteries, across the internal il-
iac artery origin. Because the mass of the aneurysm remains, venous obstruction
will persist unless it is directly addressed. Ideally, the lumen of the vein can be
accessed and stented open.

� Endovascular Approach

Intravascular ultrasound is performed through the right common femoral artery
to measure the diameter and length of the common and external iliac arteries
and to determine their suitability as prospective landing zones for an endograft.
Then the branches of the right hypogastric artery are selectively catheterized
and embolized with coils (Fig. 36-2). 

Case Continued

Two days later, through a right common femoral artery cutdown, 3 endografts
are deployed, including a 16-mm device in the external iliac artery, a 20-mm de-
vice in the middle, and a 24-mm device in the common iliac artery (Fig. 36-3). 

The 24-mm device is placed with extreme care to avoid overlapping the ori-
gin of the left common iliac artery.

Treatment is next directed at the iliac venous obstruction due to mass effect
by the aneurysm. Using punctures in the right common femoral vein and inter-
nal jugular veins, catheters are advanced to the pelvis on either side of the point
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Figure 36-2. Following proximal emboliza-
tion with coils (arrow), injection of the inter-
nal iliac artery fills a dead-end space, reflux-
ing into the external iliac artery (arrowheads).



of occlusion. The pressure gradient between the femoral vein and the IVC is 12
mm Hg. The occlusion is crossed, dilated with an angioplasty balloon, and then
stented using a 12 mm Wallstent in the external iliac vein and a 14-mm diame-
ter Wallstent in the common iliac vein (Fig. 36-4). 

The pressure gradient between femoral vein and the inferior vena cava (IVC)
is reduced to zero. 

Case Continued

The patient’s leg swelling improves. He undergoes CT scans 4 months and
9 months postoperatively. These show reduction of the aneurysm mass from
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Figure 36-3. Following deployment of the
AneuRx endografts, abdominal aortography
with contrast injection at the bifurcation fills
the left (arrow) but not the right internal iliac
artery.

Figure 36-4. Injection of contrast material
from a sheath in the right common femoral
vein shows that the Wallstents have re-
sponded to balloon dilation and restored in-
line venous return to the inferior vena cava.



6.8 × 5.1 cm to 6.2 × 5.0 at 4 months, and finally 5.0 × 5.0 at 9 months (Fig. 36-5).
In addition, a crescent of contrast material is seen pooling in the aneurysm sac,
and is thought to represent back bleeding from nonthrombosed branches of the
aneurysm. 

Discussion
CT scan of the pelvis suggests this patient has a type 2 endoleak in his
aneurysm, that is, continued blood flow from patent aneurysm branches into
the aneurysm sac after endovascular treatment. There is consensus that certain
endoleaks should be treated whenever possible: those arising from blood flow
along the outside of the iliac endografts (type 1), or through defects in the fabric
of the endograft, or through inadequate hemostasis at the junction of overlap-
ping endografts (type 3). The urgency or even necessity of treating a type 2 en-
doleak such as the one in this patient is a matter of controversy. A reasonable
approach to persistent type 2 endoleaks is to perform arteriography and, if the
endoleak can be managed simply, to treat at the same time.  

Suggested Readings
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Presentation

A 52-year-old man presents to your office after being seen by his primary med-
ical doctor with a 2-week history of an enlarging left groin mass that has re-
cently become tender. He had undergone aortofemoral bypass graft placement
for severe claudication 6 years prior to presentation. On examination, the left
groin incision is well healed and without erythema. There is a pulsatile mass
palpable just below the groin crease that is tender to palpation. The patient’s
white blood cell (WBC) count is 14,000 with a left shift. A computed tomogra-
phy (CT) scan is ordered.

� CT Scan
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Figure 37-1

CT Scan Report

An aortobifemoral graft is present. A small amount of fluid surrounds the left
limb of the graft within the pelvis. There is a pseudoaneurysm in the left groin
at the anastomotic site. The majority of this appears to be thrombosed.

Differential Diagnosis

The differential diagnosis for a pulsatile mass in the groin includes aneurysms,
pseudoaneurysms, and solid masses overlying the arterial structures. In this pa-
tient with an enlarging pulsatile mass in the setting of a previous prosthetic by-
pass to the femoral artery, a pseudoaneurysm would be considered the primary
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diagnosis. Also, the presence of fluid around the prosthetic graft and leukocyto-
sis suggest that the pseudoaneurysm may be infected.

Discussion
The incidence of anastomotic femoral artery pseudoaneurysm formation in pa-
tients who have undergone prosthetic bypass procedures ranges from 2% to 5%.
The pseudoaneurysms may be asymptomatic, being identified on routine physi-
cal examination; more commonly, however, patients will have pain and tender-
ness to palpation. Infrequently, local compression of the adjacent femoral vein
or nerve can occur, resulting in deep venous thrombosis or femoral neuropathy,
respectively.

The most important determination in this setting is whether or not the
pseudoaneurysm is associated with prosthetic graft infection. Occult bacterial
infection has been demonstrated as the etiology in as many as 60% of cases
without an identifiable cause, such as trauma. Pseudoaneurysm formation can
occur in the setting of noninfected prosthetic grafts, however, and is typically
related to graft puncture following arteriography or anastomotic disruption, as
can be seen in older prosthetic grafts where the suture or graft material has be-
gun to degenerate. Noninfected pseudoaneurysms are amenable to direct surgi-
cal repair, such as resection of the pseudoaneurysm with primary closure or
placement of a new interposition graft. The treatment of pseudoaneurysms re-
sulting from prosthetic graft infection is typically more complex and is associ-
ated with greater morbidity and mortality. 

Diagnostic testing for prosthetic graft infection should follow a careful his-
tory and examination. The history should include whether or not the patient
has fevers, chills, night sweats, fatigue, weight loss, or other symptoms related
to chronic infection. Examination of the groin should include inspection, eval-
uating for erythema or edema of the tissues, and palpation, assessing for
warmth and tenderness of the pseudoaneurysm. A sinus tract in or around the
groin, or hypertrophic osteoarthropathy of the ipsilateral foot, can be other sub-
tle findings suggesting infection.

Diagnostic tests can include a complete blood count (CBC), erythrocyte sed-
imentation rate (ESR) or C-reactive protein (CRP), CT or magnetic resonance
imaging (MRI), and tagged WBC scanning (indium scan). None of these tests are
diagnostic for prosthetic graft infection by themselves; collectively, however,
they provide a high sensitivity and specificity when positive. In the presence of
infection, the CBC will often demonstrate a leukocytosis and/or a left shift. The
ESR and CRP values, both nonspecific markers for inflammation, are typically
elevated. CT or MRI usually shows fluid or inflammatory changes around the
graft, while a positive tagged WBC scan will show an elevated concentration of
leukocytes around the area of concern.

Recommendation

Tagged WBC scan and ESR.

Case Continued

The patient’s ESR is 85 (normal value is less than 20 mm/h in men over age 50).
The tagged WBC scan reveals the following.
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� Tagged WBC Scan
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Figure 37-2

Tagged WBC Scan Report

Impression: Mildly increased activity within the left inguinal region suspicious
for infection. If desired, 48-hour images could be attempted.

Diagnosis and Recommendation

This patient has a pulsatile left groin mass, elevated WBC count, elevated ESR,
fluid around the left limb of an aortofemoral graft, and a tagged WBC scan pos-
itive for increased uptake in the left groin. The diagnosis is an infected left
femoral artery pseudoaneurysm. The patient is offered an aortofemoral graft ex-
cision with neo-aortofemoral reconstruction using autogenous femoro-popliteal
vein segments. 

� Surgical Approach

Removal of all prosthetic graft material is essential for this type of in-line recon-
struction. Harvest of bilateral femoral-popliteal vein segments is accomplished
first, preferably with a two-team approach. After these surgical sites are covered
with sterile dressings, the abdomen is opened and the aortofemoral graft is care-
fully skeletonized. Bilateral groin incisions, followed by circumferential expo-
sure of the graft limbs and femoral arteries, are accomplished next. The patient
is then heparinized, and the aortofemoral graft is excised. A neo-aortoiliac/
femoral graft is then constructed from the femoral-popliteal vein segments. Aor-
tic and bifemoral anastomoses are created next, restoring retrograde flow to the
pelvis and antegrade flow to the lower extremities.



Case Continued

The operation described above is undertaken. The left femoral artery exposure
reveals a large pseudoaneurysm. After heparinization, the pseudoaneurysm is
entered, and balloon occlusion of the branches of the femoral artery is accom-
plished. The left limb of the graft is found to be totally disrupted from its junc-
tion with the femoral artery. The main body of the graft is also affected, with
poor incorporation and an inflammatory reaction around the graft. After com-
plete graft excision, the neo-aortofemoral graft is constructed. 

The patient’s hospital course is uncomplicated. He is discharged to home on
postoperative day number 5, spending a total of 2 days in the intensive care
unit. Intraoperative cultures from the left groin reveal the infectious organism
to be Staphylococcus epidermidis.

Discussion
When an infected femoral artery pseudoaneurysm is the presumptive diagnosis
in the setting of an aortofemoral graft, the surgical options include partial or
complete graft excision and debridement, with extra-anatomic reconstruction
to stay out of the infected field, or in-line reconstruction with autogenous con-
duit. There is considerable debate in the surgical literature as to which mode of
treatment is most efficacious and carries the least risk to the patient. It is gener-
ally agreed upon, however, that graft preservation should be considered only if
the following criteria are present: (1) the graft is patent, (2) the anastomoses are
intact, (3) the patient does not have systemic sepsis, and (4) cultures of the
wound yield bacteria other than Pseudomonas organisms. Therefore, if a graft in-
fection results in a pseudoaneurysm, by definition the graft must be excised be-
cause the anastomoses are no longer intact. 

Conventional treatment has typically been to combine axillofemoral bypass
grafting with excision and drainage of the area of aortic infection and over-
sewing of the infrarenal aorta and iliac arteries. The operative mortality for this
procedure had been as high as 38% prior to the 1980s; however, contemporary
data reveal a perioperative mortality of less than 15%, with a better than 90%
limb salvage rate at 2 years. 

Replacing an infected aortic prosthesis with superficial femoral-popliteal
vein was first reported in the early 1990s, and has now become a viable alterna-
tive treatment option. The advantages include long-term patency and limb-sal-
vage rates at least as good as extra-anatomic reconstructions, as well as perioper-
ative mortality around 10%. The drawbacks to this type of approach include a
long and difficult operation, and the low but important risk of acute venous hy-
pertension requiring a lower extremity fasciotomy.

Obviously, not all infected prosthetic-related femoral artery pseudo-
aneurysms arise in the setting of aortic reconstructions. The principles of re-
moving the infected prosthetic material and reconstructing the arterial segment
still apply, however. Another operation sometimes used in this setting is the ob-
turator bypass, an in-line, extra-anatomic bypass that uses a graft tunneled from
the iliac artery through the obturator foramen and between the adductor mus-
cles to anastomose with the recipient vessel. Using this technique, the infected
femoral artery pseudoaneurysm can be removed while clean tissue planes are
maintained and utilized to restore flow to the lower extremity. Infected femoral
artery pseudoaneurysms that don’t involve an infected aortic prosthesis do not
have the same morbidity and mortality of those that do. Nevertheless, they still
represent a serious complication with a significant risk of limb loss. 
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Presentation

A 67-year-old man presents with left lower extremity foot pain, severe in nature,
that he has had for 3 hours. His prior medical history includes coronary artery
disease, hyperlipidemia, past tobacco use, hypertension, but no diabetes and no
prior vascular surgery. He takes an aspirin per day, plus an antihypertensive and
a statin agent. His father died of an aneurysm rupture when he was 64 years old. 

On examination, his heart and lungs are unremarkable, his abdomen is
without palpable masses but mildly obese, and he has +2 femoral pulses. On the
right side, he has an easily palpable popliteal pulse (+3) and distal pulses (+2).
On his left side, only a femoral pulse (+2) is present, and no palpable popliteal
or distal pulse is palpable. His left foot is cool and slightly mottled. Left foot cu-
taneous sensation is decreased, but motor function is intact.

Differential Diagnosis

This patient clearly has evidence of acute limb ischemia (ALI), Society for Vascu-
lar Surgery grade 2B, and requires immediate therapy to maintain limb salvage.
Less likely etiologies include a primary spinal cord lesion or trauma. Sig-
nificantly, because the physical examination of his right leg reveals an easily
palpable popliteal pulse, a thrombosed left popliteal artery aneurysm (PAA)
must be high on the differential diagnosis. Consideration of the underlying
cause of ALI is important in ferreting out the best therapy. Because this patient
has no evidence of a recent cardiac event, such as new-onset atrial fibrillation
or a myocardial infarction, an embolic etiology for limb ischemia is not likely.
It is also unlikely that the patient has thrombosis in situ of native circulation
as a cause for his limb ischemia, because he has easily palpable pulses on the
contralateral asymptomatic leg and no history of peripheral vascular occlusive
disease. 

Recommendation

The patient needs immediate systemic heparinization (100 to 150 U/kg admin-
istered intravenously [IV] and then 1000 U/hr IV), an aspirin if he has not taken
it already, and adequate IV hydration. Consideration of immediate surgery ver-
sus arteriography is next, but because an embolic etiology of his ALI is unlikely,
arteriography with possible thrombolysis is the best therapeutic route. An ultra-
sound technician is available, and performs a duplex ultrasound scan. The scan
confirms the thrombosed left popliteal artery and evidence of aneurysm with a
transverse diameter of 2.5 cm.
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� Duplex Scan
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Figure 38-1

Duplex Scan Report

Duplex scan of the right leg shows a 3-cm PAA with thrombus, but patent with
normal tibial outflow.

Discussion
The vast majority of patients (estimated at 96%) with PAA are male; the most
common age when PAA is diagnosed is during the sixth decade. PAAs are associ-
ated with the highest rate of concurrent aneurysms, with bilaterality approach-
ing 64%. Incidence of abdominal aortic aneurysms (AAA) with PAA is as high as
62%. 

Approximately one third to one half of patients with PAA are asymptomatic.
Patients may present with chronic ischemic limb symptoms from their PAA,
ranging from 20% to 40%, while patients presenting with ALI related to a PAA
range from 18% to 30%. The overall complication rate for PAA ranges from 18%
to 77%, with limb amputation rates of up to 20%.

Three criteria predictive of complications from a PAA include diameter
greater than 2 cm, the presence of intraluminal thrombus, and poor distal arter-
ial runoff, which includes the absence of Dopplerable pulses and one vessel or
less seen by angiography. However, risks of thrombolysis include bleeding, distal
embolization, and lysis failures, all of which are associated with high limb am-
putation rates.

� Approach

First and foremost is to reestablish blood flow to this patient’s left lower extrem-
ity. Arteriography with thrombolysis is safe, given that he has had only approx-
imately 3 hours of limb ischemia. Keep in mind that thrombolysis is not as fast
as embolectomy for reestablishment of blood flow. There is no need to stop he-
parin during the endovascular interventions, except to decrease the dosage to
keep the flush ports open during active thrombolysis (approximately 300 U/h).
Thrombolytic agents include urokinase plasminogen activator (uPA) and tissue



plasminogen activator (tPA); both agents have similar efficacy, but tPA has pos-
sibly a higher risk of hemorrhagic complications.

� Arteriography 
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Figure 38-2

Arteriography Report

A thrombosed left PAA is confirmed with a patent SFA (Fig. 38-2) and patent 
below knee popliteal artery (Fig. 38-3).

Recommendation

A catheter is inserted via coaxial system to deliver tPA at a dosage of 0.5 U/h. 

Case Continued

Within 4 hours, the patient has a warm left foot with improved sensation, and
Doppler confirms return of pulses. Within 8 hours, he has normal blood flow to
his left leg. Repeat arteriography shows full clearance of the thrombosed PAA
and normal three-vessel outflow (Fig. 38-4). 

Discussion
When thrombolysis is chosen, close attention to the patient’s pulse status, the
catheter connections, and insertion site is essential to avoid major complica-
tions such as bleeding.

Figure 38-3



� Surgical Therapy

Because this patient has a symptomatic PAA, but now has normal blood flow to
his left foot, the plan is to allow him to go home on low-molecular-weight he-
parin and return within a week for surgery. Alternatively, he could undergo elec-
tive operation during the same hospitalization. Because the arteriogram showed
the femoral artery was without significant disease, the above-knee popliteal
artery inflow site is chosen proximal to the PAA. In general, the shorter the by-
pass, the better. The approach used for this patient is exclusion of the PAA with
proximal and distal ligation, combined with reversed saphenous vein bypass
grafting around the affected aneurysmal segment. Most repairs are performed us-
ing the medial approach to the popliteal artery (because of technical ease, safety,
and ability to preserve valuable collateral vessels). The medial approach is partic-
ularly advantageous when dealing with large PAAs that do not involve adjacent
structures. The posterior approach to PAA repair is typically used when the PAA is
confined to the popliteal fossa. It is associated with an increased incidence of
popliteal vein and tibial nerve injury, because these structures may be adherent
to the aneurysm. In multicenter studies, the range of 5- and 10-year graft pa-
tency and limb salvage rates is reported as 64% to 75%, and 90% to 95%, respec-
tively. Studies over the past 5 years report varying rates of success with endovas-
cular repair of popliteal artery PAAs, ranging from 47% to 75%, but the number
of patients treated with endovascular grafts in these studies is small and is not
the standard of care.

Follow-up

The patient returns 6 to 8 weeks later to undergo a right PAA bypass and exclu-
sion, using the same general technique as on the left side. Patients with diffuse
aneurysmal disease require long-term follow-up (duplex surveillance of the ab-
domen as well as the legs). The PAA may enlarge over time despite exclusion,
because retrograde flow through collateral branches can re-fill the aneurysm,
causing a situation similar to endotension. Because this patient has bilateral
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PAAs, it is essential to get a duplex scan of his abdomen to evaluate for an AAA.
Indeed, in this patient, a 4-cm AAA is confirmed by duplex. At this point, he
will be followed by 6-month ultrasound examinations to assess for increases in
size. 

A less clear issue is what to do in a patient with a PAA and no usable autolo-
gous vein. The risks associated with the natural history of the PAA need to be
balanced against the projected patency of either a composite vein bypass or a
prosthetic bypass.
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Presentation

A 55-year-old man presents to your clinic complaining of pain in his buttocks
when he walks, as well as cramping pain at night in his calves. The patient has a
40-pack year smoking history. He is currently taking medications for hyperten-
sion and elevated cholesterol. Of note, the patient also reports that he has tried
various medications for his impotence without significant improvement. Upon
examination, the patient’s blood pressure is 155/95 mm Hg. Bilateral carotid
bruits are noted. Femoral pulses are diminished bilaterally. Distal pulses are pre-
sent by Doppler only. 

Differential Diagnosis

The differential diagnosis of intermittent exercise-induced lower extremity pain
includes arterial insufficiency; neurologic pain from lumbar disc disease; or
spinal stenosis, degenerative hip disease, and diabetic neuropathy. Neuromuscu-
lar disorders may also produce muscle weakness with activity. The typical signs
and symptoms of aortoiliac arterial insufficiency include hip and buttock clau-
dication, impotence in males, and reduced femoral pulses. However, the picture
may be significantly different in patients with multilevel vascular disease, where
they may also have more distal symptoms including rest pain or tissue loss. 

Nonvascular causes can usually be differentiated by history. Although de-
generative hip disease or sciatic pain may occur with activity, they typically
arise with initial movement rather than after a reproducible distance or level of
activity is reached. Neuropathic pain is usually noted at rest, particularly at
night, and usually improves with ambulation.

Palpation of the femoral pulses will frequently demonstrate diminished or
absent pulses, but this is not a reliable method of diagnosing aortoiliac occlusive
disease (AIOD). Diagnosis may be difficult in obese patients and in those with
bilateral disease. If the picture remains unclear after the history and physical ex-
amination, noninvasive Doppler testing can definitively determine the hemo-
dynamic situation in the limb, in most cases.

� Diagnostic Tests and Results

The patient is referred to the peripheral vascular laboratory for arterial Doppler
studies of the lower extremities.

Ankle-Brachial Index 

The ankle/brachial index (ABI) is a simple test that can be performed in most
clinics with a minimum of time and expense. The test requires only a blood

195

case 39
Margaret H. Walkup, MD, and William A. Marston, MD



pressure cuff and Doppler probe. The blood pressure cuff is placed just above the
ankle, and is inflated while listening to the Doppler signal in the dorsalis pedis
or posterior tibial artery in the foot. The Doppler signal will eventually be lost.
The cuff is then deflated slowly, and the pressure where the Doppler signal re-
turns is the pressure in the interrogated vessel at the ankle. This pressure is then
divided by the higher of the two brachial artery pressures to give the ABI. An
ABI of 1.0 to 1.2 is considered normal. Patients with an ABI of 0.7 to 1.0 may ex-
perience mild claudication, those with an ABI of 0.5 to 0.7 tend to have more
severe claudication, and those with an ABI less than 0.5 may present with limb-
threatening symptoms of rest pain or tissue loss. The ABI may be inaccurate in
patients with diabetes mellitus; these patients often have severe calcification of
the tibial arteries, rendering these vessels noncompressible and resulting in a
falsely elevated ABI.

Doppler Waveform Analysis

Given the potential for falsely elevated ABIs in patients with AIOD, most practi-
tioners obtain a second measure of the arterial circulation in the lower extrem-
ity. Evaluation of the Doppler waveforms obtained in the various levels of the
limb can determine whether significant proximal obstruction is present. Figure
39-1 illustrates normal and abnormal Doppler waveforms. Specific measures
for the presence of aortoiliac occlusive disease include the acceleration time
and femoral pulsatility index. To gain further information concerning the ex-
tent of disease, the aorta and iliac vessels may be scanned with duplex ultra-
sonography to further determine the site(s) and severity of arterial obstruction.
This technique may be limited in some patients by bowel gas, obesity, or patient
tolerance.

The noninvasive vascular examination in a typical patient with aortoiliac
occlusive disease will reveal an ABI of 0.5 to 0.9 (or lower, if there is multilevel
disease), diminished Doppler waveforms at the groin and ankle, and a pro-
longed waveform acceleration time. These changes will be unilateral if the pa-
tient has unilateral iliac occlusive disease, but will be bilateral if the patient has
significant aortic obstruction or bilateral iliac disease.
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Figure 39-1 Normal Doppler waveform velocity tracings
from common femoral artery (CFA) of patient with
aortofemoral graft aortoiliac disease (bottom) compared to
tracings from reported patient’s CFA (top). 



In some patients, typically those with milder symptoms, the studies
described above may be normal at rest. In this situation, the patient should
undergo an exercise or treadmill test. The patient ambulates until the typical
claudication symptoms develop, and the studies are repeated. If there is signifi-
cant arterial obstruction, the exercise ABI is decreased and waveform changes
are exacerbated.

Recommendation

ABI measurements and Doppler ultrasound evaluation of the lower extremity
arterial system.

Case Continued

The patient’s ABIs are 0.74 on the right lower extremity and 0.68 on the left.
Doppler waveform analysis reveals bilateral prolonged acceleration times in
both common femoral arteries, consistent with aortoiliac occlusive disease.
Based on the patient’s history, physical examination, and Doppler studies, the
diagnosis of aortoiliac occlusive disease resulting in claudication is made. At this
point, the potential forms of treatment must be considered in relation to the
severity of the patient’s symptoms. 

� Medical Therapy

For many patients with claudication, particularly those with mild or moderate
symptoms, medical therapy may be sufficient to relieve symptoms and allow in-
creased activity. Two medications, pentoxifylline and cilostazol, are widely used
for the treatment of claudication. In prospective randomized studies, both were
reported to increase walking distance significantly in patients with claudication,
though in some patients the benefits were relatively mild. A synergistic effect
was noted with both medications when combined with an exercise-walking pro-
gram. In a blinded prospective randomized trial, treatment with cilostazol re-
sulted in a significantly greater increase (56%) in walking distance than pentox-
ifylline (30%) or placebo (34%). 

For patients who do not respond to medical therapy or for those with more
severe claudication, invasive revascularization may be necessary. Options in-
clude endovascular revascularization or surgical reconstruction. Surgical revas-
cularization carries an increased risk of morbidity and mortality in comparison
to percutaneous endoluminal techniques. However, the long-term results of sur-
gical revascularization are better, with fewer patients returning for reinterven-
tion over time. The extent and location of aortoiliac disease must be considered,
because the results for endoluminal revascularization are better in more local-
ized areas of disease. In general, younger, healthier patients are chosen for surgi-
cal revascularization, as are those with disease that is too extensive to allow en-
doluminal treatment. To determine the optimal method of revascularization, a
further imaging study is usually performed.
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Discussion
The gold-standard modality for evaluating the aortoiliac segments for revascu-
larization has been contrast arteriography. However, this study requires percuta-
neous arterial access and use of contrast that may be nephrotoxic. Other com-
plications include significant hematoma formation (defined as than requiring
surgical evacuation or transfusion), with occurrence rates around 0.5%, and
pseudoaneurysm of the femoral artery, with occurrence rates of less than 1%.
Recent advances in software and scanning technology have allowed finely de-
tailed computed tomography (CT) and magnetic resonance (MR) studies to pro-
vide excellent information on the extent of aortoiliac occlusive disease. Selec-
tion of CT versus MR depends on personal preference, but we prefer CT
angiography if the patient can tolerate iodinated contrast material. For patients
with renal insufficiency, MR angiography with gadolinium is performed. The
quality of these CT and MR studies may not match percutaneous angiography
for the small arteries of the lower leg and foot; therefore, if information on the
smaller vessels is required, this study is often preferred.

CT Report

The CT angiogram reveals aortic occlusion just below the origin of the renal ar-
teries. Reconstitution of the external iliac arteries occurs through pelvic collat-
eral vessels. The femoral vessels appear patent bilaterally.

Patient Selection

In this case, the patient is a young, otherwise relatively healthy patient with se-
vere claudication. With 50-foot claudication, the use of medical therapy would
not significantly alter his activity level, even if 100% improvement occurred.
Therefore, we recommend invasive revascularization. If the CTA had revealed a
limited lesion of the iliac artery or aorta, percutaneous angioplasty with possible
stent insertion would have been recommended, expecting a 5-year patency of
the treated vessel of 70% to 80%. However, in cases with extensive disease
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Figure 39-2

� CT Angiography



throughout the aortoiliac segment, the results of percutaneous techniques are
usually significantly worse; therefore, surgical reconstruction is preferred in the
patient who is a good surgical candidate. All patients with peripheral vascular
disease must be considered also to have significant coronary artery disease, so a
detailed history of any possible cardiac symptoms must be obtained, with
screening studies for cardiac ischemia prior to surgery for any patients at risk.

� Surgical Options

Multiple surgical options are available to treat aortoiliac disease. When consid-
ering the options, one must take into account the patient’s comorbidities as well
as the extent of their occlusive disease. 

Aortofemoral Bypass

Aortofemoral bypass is considered the gold standard method of surgical repair.
The procedure consists of placing a graft proximally on the infrarenal aorta and
tunneling the limbs under the inguinal ligament to bypass to the femoral arter-
ies. The patency rate is 85% to 90% at 5 years and 70% to 75% at 10 years. With
proper patient selection, the operative mortality is less than 2%. Severe cardiac
disease is the biggest risk factor. All patients should undergo thorough screening
to evaluate cardiovascular status prior to operation. Patients with severe pul-
monary disease are also at higher risk of perioperative complications. Patients
with a history of multiple previous abdominal operations, intraabdominal sep-
sis, a diminutive infrarenal aorta, or a horseshoe kidney are not optimal candi-
dates for aortofemoral bypass.

Thoracofemoral Bypass

Thoracofemoral bypass involves accessing the thoracic aorta through a thoraco-
tomy and placing the proximal graft on the distal descending thoracic aorta.
The graft is then tunneled from the left chest to the left suprainguinal preperi-
toneal space. The distal limbs are tunneled under the inguinal ligament with
distal attachment to the femoral arteries. Thoracofemoral bypass is a good op-
tion for patients who are not candidates for aortofemoral repair because of a
previous failed aortofemoral graft or a hostile abdomen, abnormal renal
anatomy, or poorly developed infrarenal aorta. Reported patency rates for this
procedure are 73% to 86%. Mortality was reported at 4% in one series. Like the
aortofemoral repair, cardiovascular and pulmonary status must be evaluated be-
fore the procedure. Patients who are not candidates for infrarenal bypass sec-
ondary to their cardiac disease should be excluded from this procedure.

Options for High-Risk Patients

Axillobifemoral and femoro-femoral bypass grafting are both extra-anatomic re-
pairs that are options for patients at high risk from their other comorbidities.
Extra-anatomic bypass does not require laparotomy or thoracotomy, resulting in
a lower risk of perioperative complications. Axillobifemoral bypass has patency
rates from 50% to 85% at 5 years with reported mortality of 3.4%. Femoro-
femoral bypass has patency rates of 60% to 80% with mortality from 0% to 5%.
Despite the absence of an open thoracic or abdominal operation, these proce-
dures have high morbidity and mortality because they are typically performed
in higher risk patients with severe comorbidities. 
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Case Continued

Given this patient’s young age and extensive aortic disease, aortobifemoral by-
pass is recommended. Laparotomy is performed and the infrarenal aorta is ex-
posed. Heavy calcification of the entire aorta is found, beginning just below the
renal arteries. The aorta is controlled just distal to the renal arteries and the ex-
ternal iliac arteries are exposed above the inguinal ligaments. We prefer to avoid
groin incisions whenever possible to reduce the risk of graft limb infection.
Revascularization is performed by implanting a 20 × 10-mm bifurcated Dacron
graft from the infrarenal aorta to the external iliac arteries bilaterally. The graft
is carefully covered with retroperitoneum or omentum prior to abdominal clo-
sure, to reduce the risk of late aortoenteric fistula.

Complications and Postoperative Course

Myocardial infarction and pulmonary complications remain the primary causes
of mortality or serious perioperative morbidity. Other perioperative complica-
tions include renal failure, limb ischemia secondary to showered emboli, bleed-
ing requiring transfusion, intestinal ischemia, spinal cord ischemia, and impo-
tence. The uncomplicated postoperative recovery usually requires 4 to 10 days
of hospital care, and typically depends on the length of postoperative ileus.
Most patients are back to their usual daily activities within 6 weeks. Late com-
plications are rare, but include graft occlusion, graft infection, or aortoenteric
fistula. 

Discussion
The frequency of surgical reconstruction for aortoiliac occlusive disease has de-
creased significantly as catheter-based procedures have improved and gained
popularity. Most patients, when given a choice, would prefer a less invasive pro-
cedure with lower initial risk of complications, despite a reduced long-term ben-
efit. Therefore, surgical reconstruction is generally reserved for patients with a
long life expectancy who want the most durable revascularization, or for those
who are poor anatomic candidates for percutaneous revascularization.

Suggested Readings
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Presentation

A 61-year-old woman is transferred to your hospital for treatment of a “cold”
left leg. At 4 AM, she awoke with pain and numbness in her left foot and later
noted that it was cool. Her past history is significant for short-distance claudica-
tion, hemodialysis-dependent renal failure, a coronary artery bypass surgery,
and oxygen-dependent chronic obstructive pulmonary disease (COPD). She has
smoked 2 packs a day for 40 years.

On examination she has 4/5 plantarflexion and 3/5 dorsiflexion across her
left ankle and diminished sensation in the entire foot. Her calf is soft and non-
tender. The left foot is cooler than the right, without a clear line of demarcation.
There is some venous filling at the ankle. She has no palpable femoral, popliteal,
or pedal pulses in the left leg with an ankle/brachial index (ABI) of 0. On the
right side she has a palpable femoral pulse, nonpalpable popliteal or pedal
pulses, and an ABI of 0.6. Bilateral radial pulses are present and equal. The re-
mainder of her examination is within normal limits. An electrocardiogram
(ECG) shows normal sinus rhythm.

Differential Diagnosis

The patient has acute ischemia of the left leg. She also has significant lower ex-
tremity occlusive disease in her other leg, as evidenced by her absent popliteal
and pedal pulses and abnormal ABI of 0.6. The patient likely has acute throm-
bosis in the setting of a critical preexisting lesion combined with chronic multi-
level disease.

Acute leg ischemia is most commonly caused by either an embolus from the
heart or sudden thrombosis of a major arterial inflow source, such as the il-
iofemoral-popliteal segment or a bypass graft. Clues indicating a thrombotic (as
opposed to embolic) event include a history of claudication with an abnormal
contralateral pulse examination, and lack of any history of atrial fibrillation or
recent myocardial infarction that may serve as an embolic source.

Acute aortic dissection should also be considered in the differential diagno-
sis for acute limb ischemia. Back and/or chest pain are typically also present,
and a spiral computed tomographic (CT) angiogram should be expeditiously ob-
tained for a definitive diagnosis.

Discussion
It is helpful to classify acute limb ischemia by urgency for revascularization.
One system classifies limbs as “marginally” versus “immediately” threatened. In
patients without a Doppler signal at the ankle, the neurologic examination and
the presence or absence of venous filling can be used to differentiate between
the two states. Minimal loss of sensation in the toes with a normal motor exam-
ination and venous filling constitutes a “marginally” threatened limb. Severe
sensory loss involving the entire foot, with decreased motor function and ab-
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sent venous filling, constitutes an “immediately” threatened limb. In general,
marginally threatened limbs can provide the luxury of a few hours to allow an
expeditious workup (eg, arteriogram, vein survey, fluid resuscitation) prior to at-
tempted revascularization, while immediately threatened limbs require prompt
treatment within minutes.

Aortoiliac occlusive disease (AIOD) occurs most often in the infrarenal aorta
and at the origins of the common iliac arteries. The external iliac is usually less
diseased, and when present is more diffuse. Patients with isolated aortoiliac (AI)
disease are usually younger and are heavy smokers. Smokers are 4 to 5 times
more likely to have severe aortoiliac disease as opposed to infrainguinal disease,
whereas the opposite is true for diabetics where the iliac segments are often pre-
served and most of the disease is localized to the profunda femoris and in-
frapopliteal arteries. Chronic occlusion of the infrarenal aorta may present as
Leriche syndrome, defined as a constellation of buttock claudication, impo-
tence, and absent femoral pulses.

Recommendation

This patient has an immediately threatened limb as evidenced by the loss of
sensation in the entire foot and decreased motor function. Her vascular exami-
nation suggests a left iliac artery occlusion as evidenced by the absent left
femoral pulse. She almost definitely has additional infrainguinal disease; how-
ever, her inflow is addressed first. The patient is given 100 IU/kg bolus of intra-
venous heparin and taken immediately for an intraoperative angiogram and
revascularization.

� Surgical Approach

The patient has been fully heparinized. The right femoral artery is percuta-
neously accessed using a micropuncture needle and a Seldinger technique. A 5-
French sheath is inserted and an angiographic catheter is advanced into the
aorta. An aortogram shows a 2-cm occlusion of the left common iliac artery, 1
cm from the aortic bifurcation (Fig. 40-1) with reconstitution of the distal left
common iliac, external, and femoral arteries. As mentioned previously, this le-
sion is best approached from the ipsilateral femoral artery. Therefore, an image-
guided left femoral artery puncture is performed using one of the following
techniques: (1) in 80% to 90% of cases, the common femoral artery crosses ei-
ther in the medial one third or within 1 cm from the medial cortical margin of
the femoral head (Rupp method); (2) ultrasound guided; (3) direct visualization
of the femoral artery, either by roadmapping or by calcifications present in the
arterial wall.

After access is obtained, a retrograde iliac angiogram is obtained to confirm
intraluminal access and verify distal extent of the occlusion. A left leg arteri-
ogram is obtained. This shows a flush occlusion of the superficial femoral artery
with a patent profunda femoris artery, reconstitution of a diseased popliteal
artery, and two-vessel tibial runoff.

A stiff hydrophilic wire and an angled catheter are used to cross the oc-
cluded segment using digital subtraction roadmapping techniques. After the
wire has entered the distal aorta, the wire is spun to verify free rotation of the
angled tip, and the catheter is then advanced over the wire. Contrast is manu-
ally injected into the aorta to definitively confirm intraluminal position.

The lesion is predilated with a 5 × 40-mm balloon (Fig. 40-2). Since this is an
occlusion, primary stenting is planned with a balloon expandable stent. The 
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5-French introducer sheath is exchanged for a long 7-French sheath, which is
advanced into and beyond the lesion. An 8 × 28-mm stent is delivered over the
wire to the middle of the lesion using prior roadmapping. The sheath is re-
tracted to expose the stent, and the stent is deployed. The balloon is carefully re-
moved, leaving the wire in place, and a completion angiogram is obtained

Figure 40-1 Flush aortogram showing a prox-
imal left iliac occlusion with reconstitution of
the distal common, internal, and external il-
iac arteries.

Figure 40-2 Aortogram following guidewire
access across occlusion and predilation with a
5 × 40-mm balloon.



(Fig. 40-3). The patient has resolution of her rest pain with monophasic Doppler
signals in the posterior tibial and peroneal arteries. Postoperative ABI is 0.55.

Some patients with critical ischemia require inflow as well as outflow revas-
cularization with additional endovascular or surgical therapy. There are three
predictors for success after inflow revascularization alone: (1) patent profunda
femoris artery, (2) identifiable inflow lesion, and (3) rest pain or minimal tissue
loss.

Discussion
Percutaneous transluminal angioplasty (PTA) and stenting of aortoiliac occlu-
sive disease have become the primary treatment modality for select lesions.
Based on available evidence, Transatlantic Inter-Societal Consensus (TASC) class
A and B lesions are best suited for endovascular therapy, while TASC class C and
D lesions are better treated with surgery. In general, PTA with selective stenting
has a technical success rate of over 90% with a primary 5-year patency of 85%
and secondary patency rate of 95%. Primary stenting has shown slightly im-
proved immediate technical success rates ranging from 97% to 100% with an as-
sisted patency of 85% to 90% at 2 years. Complication rates range from 5% to
8%. Access site problems such as hematomas (2.9%) or pseudoaneurysms (0.5%)
are the most common. Embolization (1.6%), acute thrombosis (1.9%), and arte-
rial rupture (0.2%) are less frequent. Mortality is low at 0.2%.

A retrograde, ipsilateral approach provides the easiest route to perform
PTA and stenting of common iliac and proximal external iliac lesions. Distal
external iliac lesions may be too close to the ipsilateral entry site in the femoral
artery and can be better approached by an “up-and-over” technique from
the contralateral femoral artery. Image-guided techniques using radiographic
bony landmarks or roadmapping are sometimes required to obtain percuta-
neous femoral access, if the ipsilateral pulse is absent or severely diminished.
Use of a micropuncture needle (21 gauge) can reduce the risk of entry-related
complications.

Crossing the lesion is usually the most challenging step, especially if the
artery is occluded. An angled-tip hydrophilic guidewire, supported by a low-pro-
file catheter, is ideal for crossing a tight stenosis. Close attention must be paid to
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Figure 40-3 Completion aortogram showing
successful recanalization of the previously oc-
cluded iliac artery.
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the way the wire interacts with the lesion. Multiple fine forward and backward
movements are made while changing the orientation of the tip. If one is cross-
ing a long lesion, the catheter is advanced with the wire to maintain necessary
control and pushability. 

Chronic occlusions can be crossed in over 70% of cases. Acute occlusions
can almost always be crossed. A stiffer hydrophilic wire is usually required to
cross chronic occlusions. In most cases of chronic total occlusions, the wire at
some point traverses in the subintimal plane. Re-entry into the true lumen must
be confirmed as soon as the lesion is crossed. This is done by either spinning the
wire and noting free rotation of the tip or passing a catheter and injecting con-
trast to visualize the lumen.

Following successful crossing of the lesion with the guidewire, PTA and/or
stenting may be performed. PTA will usually suffice for simple aortic lesions and
lesions in the common iliac arteries. Selective stenting is used when PTA alone is
unsuccessful. In the external iliac arteries, primary stenting is typically per-
formed, as the artery is smaller, calcified, and more prone to dissection. Success
is defined as less than 10% residual stenosis, with a pressure gradient less than 5
mm Hg mean or less than 10 mm Hg systolic. Moderate stenosis or lesions with
less than 5 mm Hg mean resting gradient may be assessed for hemodynamic
significance with an intra-arterial papaverine challenge (30 mg). A sustained
gradient of more than 10 mm Hg systolic over 2 minutes is considered signifi-
cant. Occlusions and re-stenosis after prior PTA alone should be routinely
stented primarily.

Bifurcation Lesions
Iliac angioplasty and stenting within 1 cm of the aortic bifurcation occasionally
requires a “kissing” balloon or stent in the contralateral proximal common iliac
artery. The apparent ipsilateral lesion actually represents an iliac extension of a
larger plaque based at the aortic flow divider, which can be “pushed over” dur-
ing an angioplasty and occlude the contralateral iliac artery. Simultaneous bilat-
eral balloon inflation can “protect” against this event.

Postoperative Management and Follow-up

This patient is placed on lifelong anti-platelet therapy. Clopidogrel (Plavix) 
75 mg/d is given for 1 month, and thereafter, aspirin 325 mg/d. Her first postop-
erative return visit is at 1 month, and subsequently every 6 months with serial
ABI determinations in the vascular lab. Depending on the original lesion and the
severity of multilevel disease, re-stenosis rates can range from 5% to 10% per year
after percutaneous iliac interventions. Therefore, lifelong follow-up is manda-
tory. Treatment of re-stenosis is often successful with repeat angioplasty or stent-
ing, and assisted primary and secondary patency rates can exceed 90% in 5 years.
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Presentation

A 42-year-old woman presents to the emergency department with acute left foot
pain and numbness, which have been present for the last 24 hours. She has a
prior history of worsening bilateral lower extremity pain over 3 months, which
she describes as calf pain after walking several blocks. Over the last 24 hours she
has been having similar pain while at rest. She notes some pain now in her right
leg, although not as severe as her left. 

Her medical history is significant for well-controlled hypertension and mild
chronic obstructive pulmonary disease. She has a 45 pack-year history of smok-
ing. On examination she has absent femoral pulses bilaterally and early evi-
dence of gangrene over the left toes. She also has diminished 2-point discrimi-
nation, and weak plantar and dorsal flexion and extension of both feet on
neurologic examination.

Differential Diagnosis

The differential diagnoses of acute bilateral lower extremity pain and numbness
include traumatic spinal cord injury, prolapsed intervertebral disk, aortic dissec-
tion, and acute aortic occlusion. In this patient with absent bilateral femoral
pulses, history of worsening lower extremity pain, and cardiovascular risk fac-
tors, the primary diagnosis should be acute aortic occlusion as a result of either
thrombus or embolus.

Discussion
Aortic occlusion is a vascular emergency that can be caused by either embolism
(almost always cardiac in origin) or thrombosis of a severely diseased aortoiliac
arterial system. The risk factors for embolic aortic occlusion are similar to those
for other arterial embolism and include atrial fibrillation, prior myocardial in-
farction, dilated cardiomyopathy, and any prior arterial embolism. Less com-
mon causes of aortic occlusion include thrombosis of an aortic aneurysm or aor-
tic dissection. Symptoms of embolic aortic occlusion are typical of arterial
ischemia to the lower extremities and consist of the classic five Ps of limb is-
chemia: pain, pallor, paresthesia, pulselessness, and poikilothermia (coolness).
Embolic aortic occlusion is an acute event and most patients will be able to re-
call exactly when the symptoms began. The ischemia and symptoms of embolic
aortic occlusion are usually more severe than of thrombotic occlusion because
these patients do not have preexisting collateral channels secondary to long-
standing peripheral vascular occlusive disease. Thrombotic occlusion of the
aorta is a more gradual process, with progression of symptoms over several days.
Dehydration or decreased cardiac output predisposes to thrombotic occlusion,
and thus diarrhea, vomiting, or cardiogenic or septic shock often precedes
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thrombotic aortic occlusion. Almost all patients with thrombotic aortic occlu-
sion will have a prior history of symptoms of peripheral arterial occlusive
disease, most commonly intermittent claudication. Unfortunately, the maxim
that aortic occlusion in a patient with prior claudication is always due to throm-
bosis cannot be uniformly applied, because a history of claudication can be
elicited in 25% of patients with embolic aortic occlusion. 

The diagnosis of aortic occlusion can be based on the clinical findings of
acute limb ischemia as described above and the finding of absent femoral pulses
bilaterally. If there is suspicion for embolic aortic occlusion, then immediate op-
erative thrombectomy is performed without prior angiography. If thrombosis of
the aorta is suspected, then preoperative angiography is done to define the ex-
tent of occlusive disease and the sites of planned revascularization, usually
aortofemoral bypass. 

Patients with spinal or musculoskeletal causes of lower extremity pain or
paralysis will usually have palpable femoral pulses and nonischemic extremities.
Unfortunately, the diagnosis and treatment of aortic occlusion are often delayed
secondary to evaluation and consideration of a neurologic cause of the symp-
toms. In the case of embolic occlusion with severe ischemia, this delay can be
catastrophic and often results in eventual limb loss, and occasionally death. 

Recommendation

Immediate angiography.

� Angiograms

Figure 41-1 Figure 41-2



Angiogram Report

The patient underwent urgent angiography, which demonstrated complete oc-
clusion of the infrarenal abdominal aorta (Fig. 41-1). The celiac and superior
mesenteric arteries were both stenotic (Fig. 41-2). The inferior mesenteric artery
was not visualized, and there was also a stenosis of the left main renal artery
with occlusion of the right renal artery. The femoral arteries reconstituted via
pelvic collateral vessels and the superficial femoral and deep femoral arteries
were patent bilaterally (Fig. 41-3).

Diagnosis and Recommendation

Diagnosis is acute occlusion of the infrarenal aorta with celiac, superior mesen-
teric, and left renal artery stenoses. The patient’s past medical history and the rel-
ative chronicity of symptoms, as well as the angiography findings, are consistent
with atherosclerotic disease. Anticoagulation with intravenous sodium heparin is
instituted to prevent propagation of thrombus and preserve collateral flow. Imme-
diate aortofemoral bypass is recommended with mesenteric and visceral bypass.
The chances of limb salvage are good with prompt surgical revascularization. 

� Approach

The critical decision in the approach to the patient with aortic occlusion is
whether to perform preoperative angiography. In the patient with a predispos-
ing condition for arterial embolism, no prior history of claudication, and acute
symptoms of aortic occlusion, immediate surgical embolectomy is recom-
mended without the delay associated with preoperative angiography. If there
are prior symptoms of peripheral occlusive disease or if the distinction between
embolic and thrombotic occlusion is not clear, then angiography is recom-
mended. Thrombotic aortic occlusion is almost always limited to the infrarenal
aorta, and is treated by aortofemoral bypass grafting or extra-anatomic bypass if
the patient is a prohibitive operative risk. Perioperative mortality in the setting
of acute aortic occlusion approaches 5%, and potential complications include
myocardial infarction, renal failure (often secondary to myoglobinuria), and
need for fasciotomy or additional distal bypass procedures. 
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Discussion
In cases of acute aortic occlusion, surgical treatment is based on the diagnosis of
either embolic or thrombotic occlusion. If embolism is suspected, then retro-
grade transfemoral catheter embolectomy is performed via both common
femoral arteries. Arteriotomy is made opposite the orifice of the deep femoral
artery to allow distal embolectomy of this vessel as well as the superficial
femoral artery. As embolism occurs most commonly in normal or minimally
diseased vessels, embolectomy rapidly restores inflow. Distal thrombus in the
infrapopliteal vessels, either from propagation or dislodged during embolec-
tomy, can result in persistent ischemia of the distal leg and foot. On-table an-
giography is performed, followed by either catheter embolectomy of the distal
popliteal and tibial arteries or infusion of operative intra-arterial thrombolytic
therapy as needed. 

For thrombotic occlusion of the aorta, aortobifemoral bypass is usually per-
formed. For aortofemoral bypass grafting, care must be exercised in clamping
because thrombus will usually extend to just below the renal arteries, and
clamping across the thrombus can extrude thrombus into the renal arteries. We
transect the unclamped aorta with an open clamp pre-positioned just below the
renal arteries. The aortic pressure will blow out the remaining plug of thrombus
in the juxtarenal aorta after which the clamp is applied. The distal graft limbs
are often extended onto the proximal aspect of the deep femoral artery as these
patients rarely have patent superficial femoral arteries. 

Case Continued

Because the patient had disease of the abdominal aorta including visceral ves-
sels, a transperitoneal approach was used to perform aortoceliac, aorto-superior
mesenteric, aortorenal, aortobifemoral bypass with a Dacron graft.

� Approach

For poor-risk patients with acute thrombotic occlusion of the aorta and ad-
vanced or unstable cardiopulmonary disease, an axillofemoral bypass is a lower
risk option. In this younger patient with minimal to moderate co-morbid condi-
tions, an aortobifemoral bypass provides greater durability as well as the option
of treating her renal and visceral occlusive disease.

With either embolic or thrombotic aortic occlusion, care is taken during
restoration of blood flow to the severely ischemic limbs to prevent metabolic
and systemic complications from the toxic metabolites in the venous blood
returning from the limbs. Administration of bicarbonate, mannitol, and anti-
arrhythmic agents may be required, and serum potassium levels are closely
monitored. 

Patients with embolic occlusion of the aorta, like all patients with arterial
embolism, should be treated with long-term anticoagulation. Long-term sur-
vival after arterial embolism is related to overall cardiac status but remains
worse than an age-matched cohort. Aortic occlusion due to thrombosis carries a
better long-term prognosis; however, a significant percentage of patients require
later revascularization for distal (lower extremity) or proximal (renal or mesen-
teric) occlusive disease. 
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Presentation

A 61-year-old man is referred for evaluation of right lower extremity pain. He
has a longstanding history of one-block claudication; however, 2 weeks ago his
right foot developed bluish discoloration after showering. Since then, he has
noted increasing redness upon standing, decreased sensation, and pain in the
foot at night. He reports a 60-pack year smoking history, hypertension, hyper-
lipidemia, and a history of myocardial infarction treated with percutaneous
coronary angioplasty. On physical examination, his blood pressure is 132/80
mm Hg in both arms. The femoral pulses are weakly palpable. The right foot is
cool with sluggish capillary refill and a monophasic Doppler signal in the dor-
salis pedis. There are no open sores or ulcerations on either lower extremity.
Laboratory studies including complete blood cell count, creatinine level, and
prothrombin time are normal.

Differential Diagnosis

The differential diagnoses for unilateral lower extremity pain without ulceration
include diabetic neuropathy, nerve root compression, reflex sympathetic dystro-
phy, venous disease, and arterial insufficiency. In this patient with a history of
extensive atherosclerosis and lower extremity claudication, which has now pro-
gressed to rest pain, critical limb ischemia from atherosclerotic occlusive disease
must be considered the primary diagnosis.

Discussion
Critical limb ischemia results from insufficient arterial perfusion to supply the
basal metabolic demands of the toes, foot, or ankle. After taking a careful his-
tory and performing a thorough physical examination, measurement of the an-
kle/brachial index (ABI) is a fundamental diagnostic tool for evaluation of lower
extremity arterial insufficiency. Many patients, including diabetic patients, will
often have heavily calcified arteries, rendering them noncompressible and thus
falsely elevating the ABI. Pulse-volume recordings (PVRs) and toe pressures are
typically unaffected by calcification and should be obtained in these patients.
ABIs less than 0.40, ankle pressures below 50 mm Hg, or toe pressures under 30
mm Hg with monophasic pulse volume recordings are all indicative of critical
limb ischemia.

Recommendation

Noninvasive vascular laboratory studies, including ABI and PVRs, and aortogra-
phy with bilateral lower extremity arteriography are ordered.
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Vascular Laboratory Reports

Right Left

Brachial 132 mm Hg 132 mm Hg
Thigh 90 mm Hg 104 mm Hg
Calf 62 mm Hg 86 mm Hg
Posterior tibial 38 mm Hg 76 mm Hg
Dorsalis pedis 40 mm Hg 80 mm Hg
Toe 15 mm Hg 45 mm Hg
Ankle/brachial index 0.30 0.61

Pulse volume recordings: Monophasic waveforms at all levels on the right.
Waveforms are biphasic at the thigh and calf level on the right, and monopha-
sic at all infrageniculate levels on the left.

� Arteriography

Aortogram with bilateral lower extremity runoff reveals the following images.

Figure 42-1 Figure 42-2

Figure 42-3 Figure 42-4
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Arteriography Report

There is dilation of the infrarenal aorta, suggestive of aneurysmal disease in ad-
dition to severe aortoiliac occlusive disease bilaterally. The hypogastric arteries
are heavily diseased with the appearance of a prominent middle sacral artery
supplying the pelvis. The superficial femoral artery is occluded on the right with
single-vessel runoff. The left superficial femoral is diseased, but patent with two-
vessel runoff.

Recommendation

Ultrasonography is indicated for follow-up on the arteriographic findings, sug-
gestive of an infrarenal abdominal aortic aneurysm (AAA). A computed tomo-
graphic (CT) study could also be used; however, this typically requires an addi-
tional dye load (150 mL of intravenous contrast) on top of the 160 mL utilized
for the arteriography, and is best avoided.

Ultrasound Report

Ultrasound reveals a heavily calcified 4.0 cm AAA without iliac involvement. 

Diagnosis and Recommendation

The patient has a 4-cm AAA with severe bilateral iliac arterial occlusive disease,
and right superficial femoral artery occlusion with single-vessel runoff to the
right foot. This patient is offered an aortobifemoral bypass with possible right
femoral to popliteal artery bypass. The presence of aneurysmal disease precludes
the use of percutaneous iliac angioplasty and stenting in this patient. It is ex-
plained to the patient that the right lower extremity bypass may need to be per-
formed at a later date if the operation is lengthy or significant bleeding is en-
countered, but that improving the inflow will be the first step in resolution of
his rest pain.

Complications mentioned include bleeding, myocardial infarction, stroke,
death, and graft failure requiring further surgery and possible amputation. The
patient is instructed to continue all of his preoperative medications up to the
day of surgery, particularly beta blockade and aspirin. Smoking cessation and its
importance postoperatively in helping to maintain graft patency is discussed
with the patient.

� Surgical Approach

Bilateral longitudinal groin incisions are performed first, taking care to dissect
the profunda femoris artery to a soft, nondiseased segment if the superficial
femoral artery is occluded. The aorta is dissected free from the surrounding
structures at the infrarenal level through a midline incision. After systemic he-
parinization, the aorta and iliac arteries are clamped. Often, removal of a short
segment of infrarenal aorta facilitates the lie of the bypass graft. In this patient,
with a 4-cm AAA and severe aortoiliac disease with right lower extremity rest
pain, an end-end configuration of the proximal anastomosis of the aorto-
bifemoral bypass is necessary to deal with the AAA. A bifurcated prosthetic graft
is tunneled anterior to the diseased iliac arteries, making certain the graft lies



deep to the ureters. Careful closure of the retroperitoneum is required to avoid
development of an aortoenteric fistula in the future.

Case Continued

Upon entering the aorta, there is a significant amount of back bleeding from the
prominent middle sacral artery previously noted on arteriography. This vessel,
along with several lumbar arteries, is oversewn. Heavy calcification, along with
superficial femoral artery occlusion on the right, requires that the distal anasto-
moses be sewn to the profunda femoris artery. Inspection of the sigmoid colon
at this time reveals a pale, grayish color to the serosa with no signals on Doppler
insonation.

� Approach

Given the extensive occlusive disease of the external and internal iliac arteries,
in addition to constructing an end-end proximal anastomosis with oversewing
of the middle sacral artery, pelvic and distal colonic circulation undoubtedly
will be compromised. Reimplantation of the inferior mesenteric artery onto the
main body of the prosthetic graft will help improve flow, not only to the colon,
but also to the pelvic structures. At this time, the patient is cold and has been
under anesthesia for nearly 6 hours. 

Case Continued

The patient is transferred to the intensive care unit hemodynamically stable
with Doppler signals in the right peroneal and dorsalis pedis (DP) arteries, as
well as the left posterior tibial and DP arteries. On postoperative day 2, the pa-
tient has a guaiac-positive stool with no associated abdominal pain, fever, or
leukocytosis. He remains hemodynamically stable with a systolic blood pressure
of 130 mm Hg. He has another guaiac-positive stool 2 days later, prompting sig-
moidoscopy, which reveals some mild patchy areas of ischemia in the mid sig-
moid colon, but no areas of full-thickness necrosis. By postoperative day 6, he is
able to tolerate diet advancement and all preoperative medications are resumed.
His feet remain warm with Doppler signals. Repeat noninvasive vascular labora-
tory studies reveal ABIs of 0.60 on the right and 0.80 on the left, with complete
resolution of his right lower extremity rest pain.
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Presentation

A 70-year-old man, who is an inpatient, complains of sudden onset of rest pain
in both his legs. The pain has persisted for 2 hours and is not relieved by any
measures or medications. He had been admitted with small bowel obstruction
and is 15 days after a laparotomy and lysis of adhesions. This was considered a
difficult operation, and the patient has developed a midline enterocutaneous fis-
tula. He has a previous history of an extended left colectomy for Duke’s stage C
colon adenocarcinoma 2 years previously and has completed adjuvant
chemotherapy. He has a history of bilateral lower extremity claudication at 100
yards. He has hypertension, non-insulin-dependent diabetes, and chronic renal
insufficiency (serum creatinine 1.5). On physical examination, the patient is
noted to be in distress and to have his legs dependent over the side of the bed.
He is audibly complaining of pain. His heart rate is irregularly irregular, and he is
relatively hypotensive (blood pressure 90/50 mm Hg) with oliguria (less than 10
mL/h for last the 4 hours). The peripheral pulses are absent in the right and left
legs. Femoral artery pulses were documented as present, but diminished, on his
admission physical examination. Both legs are cool to touch from the inguinal
ligaments down. Bilateral lower extremity sensation is absent and motor func-
tion is decreased. No continuous-wave Doppler signals are identified. 

Differential Diagnosis

The differential diagnosis in this case is that of a saddle embolus or acute aortic
occlusion. The history of previous claudication would suggest preexisting aor-
toiliac disease and allow one to suspect acute aortic occlusion rather than saddle
embolism. Both require emergent therapy, but with different approaches. 

Recommendation

This patient is in shock and has ischemic bilateral lower extremities. An arterial
blood gas and a serum chemistry panel are obtained and an angiogram is
arranged. Laboratory values suggest the patient has a new-onset metabolic aci-
dosis. This raises the suspicion of mesenteric vessel involvement. An angiogram
is obtained through a left brachial artery approach, with an emphasis on defin-
ing his visceral arteries and aortoiliac anatomy. 
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� Angiogram of the Aorta

Figure 43-1

Angiogram Report

Anterior-posterior (A-P) view demonstrates infrarenal acute aortic occlusion
with heavy calcifications suggestive of chronic disease. A lateral view confirmed
patent celiac and superior mesenteric arteries (not pictured). There is reconstitu-
tion of the common femoral arteries bilaterally.

Case Continued

Prior to and during the angiogram, the patient is resuscitated, is prepared for
surgery, and is heparinized (100 units/kg IV). 

Diagnosis and Recommendation

The patient has a hostile abdomen, and as such, a direct transabdominal ap-
proach or a retroperitoneal approach would be very difficult. Options in this pa-
tient include an attempt to use endoluminal therapy to reopen one or both iliac
vessels. If this fails, the patient is recommended to undergo axillobifemoral by-
pass grafting.

Case Continued

Under fluoroscopy, percutaneous access is gained in both common femoral ar-
teries. Sheaths are placed and guide wires are passed retrograde into the aorta.
The right guidewire passes without difficulty, but the left fails to pass into the
aorta. A rheolytic thrombectomy catheter system, initially using bolus instilla-
tion of 5 mg tissue plasminogen activator in 50 mL to lace the clot with a
thrombolytic agent, is followed by heparinized saline. The rheolytic thrombec-
tomy catheter is passed over the wire multiple times without adequate restora-
tion of antegrade flow. At this stage, it is decided to stop and pursue open inter-
vention.
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� Angiogram of the Aorta

Figure 43-2

Angiogram Report 

A-P view demonstrates a channel in the aorta after rheolytic catheter thrombec-
tomy.

� Surgical Approach

Once informed consent has been obtained, the patient is placed under general
anesthesia. The left chest, abdomen, and both legs are prepared and draped in a
standard fashion to form a sterile field. An axillobifemoral bypass graft using an
8-mm EPTFE graft is performed without difficulty. Intraoperative duplex imag-
ing confirms adequate distal outflow. The patient receives 25 mg of mannitol to
induce forced diuresis prior to reperfusion of the lower limbs. Due to the sever-
ity of the lower leg ischemia, bilateral calf four-compartment fasciotomies of the
lower extremities are also performed. There are continuous-wave Doppler sig-
nals in the anterior and posterior tibial arteries bilaterally.

Case Continued

The patient remains intubated and is transferred to the surgical intensive care
unit (ICU). He is continued on anticoagulation with intravenous heparin. Serial
serum chemistries demonstrate rising potassium levels and a metabolic acidosis.
The patient also develops myoglobinuria. The patient is rehydrated with sodium
bicarbonate supplemented crystalloid solutions. His hyperkalemia is aggres-
sively treated with furosemide and an insulin glucose infusion. The patient is
monitored to ensure forced diuresis. His hyperkalemia and acidosis resolve.
Over the next 3 days, he is extubated and discharged from the ICU. On day 7,
the patient is returned to the operating room for primary closure of his fas-



ciotomies. He is subsequently returned to the general surgical service for man-
agement of his enterocutaneous fistula.

Discussion
Acute occlusion of the abdominal aorta due to in situ thrombosis is a relatively
rare event with a cumulative incidence of 8% (aortic occlusion due to embolic
disease has a relative incidence of 15%). However, it has a mortality rate of over
50%. The clinical presentation varies from acute limb ischemia to lower extrem-
ity neurologic symptoms suggestive of a spinal cord lesion. Acute in situ throm-
bosis and emboli to the distal aorta are the most common etiologies. In general,
preexisting atherosclerosis combined with a low-flow state as a result of a low
cardiac output is a relatively frequent cause of acute aortic occlusion. Hyperco-
agulability is also associated with acute aortic occlusion. The management of
acute aortic occlusion should include immediate heparinization and resuscita-
tion, with the goal of improving any underlying cardiac condition if it exists.
Operative intervention is required whether thromboembolectomy, aortofemoral
bypass, or axillofemoral bypass, in the acute neurologically impaired patient. If
the lower extremity ischemia is not severe, the preferred treatment of choice
should be intra-arterial thrombolytic therapy combined with mechanical rhe-
olytic thrombectomy to rapidly debulk the clot in the iliac system. This latter
method is associated with a lower mortality than operative therapy in this high-
risk patient group.
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Presentation

A 65-year-old man underwent placement of an aortobifemoral Dacron graft for
aortoiliac occlusive disease. He recovered uneventfully and was well until one
and a half years later, when he developed intermittent fevers, fatigue, malaise,
and weight loss. He is admitted into the hospital and worked up for fever of un-
known origin. During his hospital admission, he is noted to have daily tempera-
ture spikes to 101.6°F. His examination is notable for a thin, ill-appearing man
with prominent, nontender, femoral pulses. He has a well-healed abdominal in-
cision and left groin incision; however, there is a small area of breakdown in the
superior pole of his right groin incision with purulent drainage. His white blood
cell (WBC) count is 7500/mm3 and his erythrocyte sedimentation rate is 64
mm/h. His chemistry panel is normal with the exception that his albumin is 2.2
g/dL. A computed tomography (CT) scan and sinogram are ordered.

Differential Diagnosis

A pseudoaneurysm must be considered in any patient with a prominent femoral
pulse and a known anastomosis in the groin. An ultrasonographic examination
is a fast, safe, and reliable method of confirming the diagnosis and relates not
only the size but also whether there is thrombosis within the aneurysm. An in-
cidence of false aneurysms of 1% to 5% has been cited in the literature and is
most common at the femoral anastomosis of an aortobifemoral bypass graft.
The common thread among the numerous etiologic factors reported is degener-
ative changes in the host’s arterial wall with dehiscence of the suture line. Be-
cause the anastomosis will forever be dependent on the integrity of the suture
line, strict adherence to basic vascular surgical tenets, such as using nonab-
sorbable, monofilament suture and taking bites that include all layers of the ar-
terial wall, are essential when sewing prosthetic material to native artery. 

Any patient diagnosed with pseudoaneurysm compels the clinician to rule
out graft infection. Indeed, one report suggested an infectious etiology in as
many as 24% of femoral false aneurysms. Further, a pseudoaneurysm in one
groin could also herald other graft problems, such as contralateral pseudo-
aneurysm, and mandates close scrutiny of the entire graft. Accordingly, a mal-
nourished man presenting with fever of unknown origin and a pulsatile groin
mass after aortobifemoral reconstruction has an infected graft until proven oth-
erwise.
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� CT Scan

Figure 44-1

Figure 44-2

CT Scan Report

CT scan demonstrates fluid and stranding around the aortic portions of the graft
extending down both graft limbs. He has bilateral pseudoaneurysms at the
femoral anastomosis. 

� Sinogram

Sinogram Report

Contrast-enhanced sinogram demonstrating contrast freely flowing around the
right femoral anastomosis tracking up the right limb to the bifurcation. This
most certainly signifies lack of incorporation of the graft into the surrounding
tissues. Gram stain from the right groin drainage revealed numerous WBCs, but
no bacteria. 
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Diagnosis and Recommendation

The findings on the CT scan and contrast sinography confirm aortobifemoral
graft infection. Findings suggestive of graft infection on contrast-enhanced CT
include loss of normal tissue planes and stranding in the retroperitoneal space,
abnormal collections of fluid and gas, false aneurysms, vertebral osteomyelitis,
or juxta-aortic retroperitoneal abscess. Although computed tomography’s diag-
nostic accuracy has certainly been validated in advanced graft infections, it is
inconsistent in low-grade infections. 

The percutaneous localization of a perigraft cavity by the injection of con-
trast can be a useful aid in making the diagnosis, although there is a theoretical
possibility that it can contaminate an otherwise sterile graft. Culture and Gram
stain of the perigraft fluid can often identify the etiologic agent, but failure to
do so does not rule out graft infection. A late graft infection, often from a low-
virulence microorganism, may only yield WBCs on Gram stain.

Another modality that can be used in identifying patients with aortic graft in-
fections who do not have specific signs is radionuclide scintigraphic techniques.
These include indium-labeled WBC, immunoglobin G, or technetium-labeled
WBC scans. These methods identify graft infection by radioisotopic imaging of
inflammatory sites. They are a useful adjunct in the nonspecific clinical presenta-
tion of low-grade graft infections; however, there have been false positives in pa-
tients with hematomas or sterile inflammatory processes around the graft. 

Case Continued

The patient is taken to the operating room and undergoes an axillobifemoral
bypass with a two-team approach. This is performed using externally supported,
8-mm polytetrafluoroethylene (PTFE) graft. The external draining sinus is iso-
lated with adhesive sterile dressing. The axillary anastomosis is made through
an infraclavicular incision and fashioned end to side in the first portion of the
axillary artery. The PTFE graft is tunneled subcutaneously lateral to the anterior
superior iliac spine. To allow a tension-free axillary anastomosis, the graft is
routed adjacent and parallel to the axillary artery before passing in a gentle
curve to the anastomosis. Care is taken to avoid the contaminated groin field,
and the mid-profunda artery is approached through an incision lateral to the
sartorius muscle. All incisions are closed and excluded with adhesive dressings
before approaching the infected prosthesis. 

The infected aortic graft and each limb are removed through separate groin
incisions and a transabdominal incision. The distal anastomoses are discon-
nected first and the surrounding tissue is debrided. The arteriotomies are closed
with vein patch angioplasties. The groin incisions are loosely closed and
drained. The remainder of the graft is removed through the abdominal incision.
The aortic stump is debrided and closed in two layers of monofilament suture.
The retroperitoneal wound is debrided, cultured, and drained with closed suc-
tioned drains brought out through separate stab incisions. The explanted graft is
cultured and yielded Staphylococcus epidermidis.

� Approach

Nowhere in vascular surgery is it more important to have a well thought out
plan than when dealing with a patient with an infected aortobifemoral prosthe-



sis. Consideration of current comorbidities, nutritional state of the patient, and
immunocompetence all must be weighed before a definitive approach to the pa-
tient is carried out. These patients often have low albumin and low total lym-
phocyte counts and are anergic on skin testing. A patient with an indolent in-
fection may have the luxury of time to be placed on total parenteral nutrition
and antibiotics to improve some of these parameters prior to surgery. The pa-
tient will need an intensive care unit (ICU) bed, and the family should be pre-
pared for a long convalescence. Diligent ICU care in the postoperative period is
essential to get these critically ill patients through following a large operation.

� Surgical Approach

The choices presented to the vascular surgeon contemplating reconstruction of
the patient with the infected graft are many and varied. The first is whether an
extra-anatomic bypass versus an in situ reconstruction will be performed. If an
in situ bypass is chosen, then the choice of conduit is the next consideration.
Autogenous femoral-popliteal vein, cryopreserved vein, or a new prosthetic in
the same retroperitoneal bed have all been reported, and all have some merit. If
an extra-anatomic choice is considered, then what will be the sequence and tim-
ing of reconstruction? Removing the infected graft followed by reconstruction
may render the legs ischemic for an unnecessarily long time and can subject the
patient to complications, such as compartment syndrome, paresis, or amputa-
tion. Performing an extra-anatomic reconstruction followed by immediate re-
moval of the infected prosthesis can result in a prolonged operative time with
the incumbent fluid requirements, long anesthetic time, and possibly multiple
transfusions, all with the attendant physiologic stress on an already debilitated
host. In our patient, we chose extra-anatomic bypass followed by immediate
graft removal using the two-team approach to minimize the ischemic time to
the extremities and taking advantage of the speed afforded by two teams operat-
ing simultaneously in each groin. 

Case Continued

The patient tolerates the procedure well and spends 6 days in the surgical ICU.
He is discharged from the hospital on postoperative day 17. Intravenous antibi-
otics are continued for 2 weeks following the procedure, and the patient is con-
tinued on oral antibiotics for the next 3 months. He is followed up every 3
months after discharge and undergoes clinical and noninvasive arterial evalua-
tion (consisting of duplex ultrasonographic surveillance for graft patency). He is
discharged on daily aspirin. He is alive and well 2 years after the procedure with
a patent axillobifemoral bypass graft.

Discussion
The reported incidence of aortofemoral graft infection is 0.5% to 3%, making it
a rare, but dreaded, complication of reconstructive aortic surgery. Graft infec-
tions have been divided at 4 months into early and late. Although less common,
early graft infections are caused by more virulent microorganisms such as
Staphylococcus aureus or one or more of the gram-negative organisms. These pa-
tients are toxic and they present septic, and the diagnosis is straightforward.
The imaging modalities (eg, CT scan) routinely used are more accurate at 
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making the diagnosis in these early infections, and often have classic features
such as perigraft abscess or fluid collection. 

However, the vast majority of patients with graft infections often present
late. Late infections are subtler, often delaying diagnosis and definitive surgical
management in a patient who already may be nutritionally and immunologi-
cally compromised. For instance, infection several years after implantation or
infections caused by less virulent microorganisms may present with nonspecific
constitutional symptoms such as malaise, abdominal pain, or intermittent gas-
trointestinal bleeding. 

Historical information such as abdominal pain, recent medical procedures,
or illnesses that may result in hematogenous or lymphatic spread should be in-
vestigated. Recent nonhealing wounds, foot infections, or urologic manipula-
tions all can contribute to transient bacteremia and possible graft infections. On
examination, any pulsatile groin mass should alert the clinician to possible graft
infection. Delayed healing incisions, cellulitis and/or a perigraft mass, or graft
cutaneous sinus tract all can be harbingers of an infected graft. The extremities
should be carefully examined for septic emboli, which can appear as a cluster of
petechiae downstream from the infected anastomosis. 

Although several potential etiologic sources of prosthetic infection exist, it is
likely from contamination at the time of implantation due to a break in sterile
technique. The source can be from the graft itself, the surgical instruments, or
from the host or a member of the surgical team. The graft itself is an inert mater-
ial, and once contaminated will harbor organisms indefinitely. The porous nature
of the woven Dacron fabric may allow sequestration of bacteria in a privileged
place, unable to be penetrated by WBCs. The superficial location of the graft in
the groin increases its chance of contamination, especially if there is a wound
complication or need for re-exploration. Great care must be exercised to avoid
contact with the graft and the patient’s dermis, especially in the groin areas.

S. aureus, S. epidermidis, and Escherichia coli are the causative organisms in
80% of graft infections. Less frequently implicated organisms include Klebsiella,
Proteus, Enterobacter, Pseudomonas, and nonhemolytic streptococci. The S. epider-
midis species is especially difficult to detect. Accordingly, the graft infection that
is produced includes a sterile exudate, absence of graft incorporation, and a nor-
mal WBC count. Methods of tissue culture have been described in graft infec-
tions with organisms of low virulence, such as S. epidermidis, which improve the
chances of identifying the etiologic agent. Culture of explanted bioprosthetics
in a tryptic soy broth yielded more isolates over traditional blood agar methods.
Further, when using biofilm disruption, either by sonication or a mechanical
grinding process, the yields of recovering an isolate were even greater. 

The surgical goals of managing a patient with infected aortobifemoral pros-
thesis are twofold: preserve limb viability and function and remove the infected
graft. Complete excision of the infected graft and revascularization through a
noninfected bed has been the standard treatment of graft infection. However,
some advocate newer in situ reconstruction using autogenous, prosthetic, or al-
lograft conduits as a safe and durable alternative. Proponents of this method re-
port that the operation can be performed in selected patients with low-grade in-
fections in whom signs of sepsis are absent with sufficiently low mortality
(7.9%) and lower extremity amputation rate (5%). Although these results were
encouraging, there was still a sufficiently high complication rate (12.5%) for
lower extremity compartment syndrome and recurrent infection rate (10%) to
warrant caution. Patient characteristics for which this treatment may be appro-
priate include presentation of infection months to years after implantation, no
clinical signs of infection, sterile blood cultures, and inability to culture bacteria
from perigraft fluid. These infections are usually found to be due to coagulase-
negative staphylococci on graft-biofilm culture.



In contrast, contemporary series of extra-anatomic bypass followed by graft
explantation report a mortality rate of 12.5% and a 7% amputation rate. A sec-
ond operation was required to maintain axillofemoral patency in 14 of 48 sur-
vivors (29% incidence), and an aortic stump dehiscence occurred in 1 out of 55
patients. Although these results are sobering, they represent a tremendous im-
provement over results published just a decade ago and reflect improvements in
operative technique, anesthetic care, postoperative ICU care, and infectious dis-
ease science.

Few other diseases encountered in vascular surgery can test the creativity
and ingenuity of the surgeon like an infected aortobifemoral graft infection.
Clearly, no single approach is suitable for all patients, and the contemporary
vascular surgeon must be proficient at each of these to tailor the operation to
the patient.
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Presentation

A 66-year-old woman, who underwent aortobifemoral bypass grafting for clau-
dication from aortoiliac occlusive disease 3 years ago, presents to the emergency
department after an episode of hematemesis. She relates a history of low-grade
fevers and fatigue over the past 2 weeks, and intermittent melena over the past
2 months. Physical findings are significant for orthostatic hypotension, tachy-
cardia, temperature of 38.6ºC, mid epigastric discomfort without peritoneal
signs on abdominal palpation, and a guaiac-positive rectal examination.

Differential Diagnosis

The diagnosis of aortic graft-enteric fistula should be suspected in any patient
with symptoms of gastrointestinal bleeding and prior aortic bypass graft. Aortic
graft-enteric fistula is rare, with a reported incidence after aortic bypass grafting
of 0.6% to 4%. Secondary aortic graft-enteric fistula occurs following aortic by-
pass using prosthetic graft, either along the suture line of the anastomosis, or
along the main body-limb of the graft. 

The pathogenesis of aortic graft-enteric fistula is unknown, but technical
problems at initial aortic operation, repetitive mechanical trauma from aortic
pulsation leading to erosion of the graft into the intestine, suture or graft mater-
ial fatigue, and delayed indolent graft infection have been implicated. Preven-
tion of aortic graft-enteric fistula at the time of initial aortic graft placement
consists of strict aseptic technique, perioperative antibiotics, hemostasis at the
suture line, and complete covering of prosthetic material with retroperitoneum.
Leaving the duodenum intraperitoneal by reapproximating the lateral edges of
the peritoneum and additional graft bolstering over the suture line has also
been suggested to reduce fistula formation. A retroperitoneal approach may also
decrease the potential for aortic graft-enteric fistula. 

Symptoms and signs of aortic graft-enteric fistula are varied, but include gas-
trointestinal bleeding (84%), sepsis (35%), abdominal pain (33%), back pain
(20%), abdominal pulsatile mass (7%), and groin mass (5%). Of those with gas-
trointestinal bleeding, presenting symptoms include hematemesis (47%), me-
lena (41%), herald bleeding (37%), shock (27%), hematochezia (9%), and bright
red blood per rectum (7%). 

Once aortic graft-enteric fistula has been excluded, other more common
causes of upper gastrointestinal hemorrhage should be considered. The com-
plete differential diagnosis of upper gastrointestinal hemorrhage includes peptic
ulcer disease (50%), erosive gastritis (5% to 25%), esophageal varices (9% to
21%), Mallory-Weiss tear (11% to 14%), malignancy (3%), and esophagitis (2%
to 8%).
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Case Continued

Fluid resuscitation is administered, and the patient’s heart rate and blood pres-
sure normalize. Blood laboratory studies reveal anemia (hematocrit 24%) and
leukocytosis (white blood cell count 14.5 thousand/uL). Blood cultures are
pending, but the initial Gram stain reveals gram-positive cocci. Esophagogastro-
duodenoscopy is performed to the fourth portion of the duodenum, revealing
no source of bleeding. Computed tomography (CT) scan with intravenous con-
trast and with oral contrast is obtained of the abdomen and pelvis. 

� Serial CT Scan

Figure 45-1

A

B

C
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CT Scan Report

Serial CT scan (abdomen) images reveal abutment of the fourth portion of the
duodenum near the main body and limbs of the graft, periaortic fat stranding,
and fluid around the graft with air adjacent to right limb of bifurcated graft.

Diagnosis

Aortic graft-enteric fistula.

Discussion
Serum laboratory studies including complete blood cell (CBC) count, erythro-
cyte sedimentation rate (ESR), and blood culture with Gram stain are often non-
specific, but with the clinical history may be suggestive of potential aortic graft-
enteric fistula. Lack of diagnostic yield with blood cultures may reflect a
noninfectious etiology with only half of eventual operative cultures being posi-
tive, in part due to systemic antibiotics started empirically. When positive, oper-
ative cultures usually contain mixed organisms. Common organisms include
gram-positive cocci (Streptococcus and Staphylococcus species) (36%), Escherichia
coli (11%), Klebsiella (2%), Enterobacter (2%), and Candida species (2%).

Aortic graft-enteric fistula can occur at any level of the gastrointestinal tract:
duodenum (74%), small bowel (19%) (jejunum, 65%; ileum, 8%; and unspeci-
fied, 27%), colon (5%), and appendix (1%). Given the most common location of
aortic graft-enteric fistula in the third or fourth portion of the duodenum, and
the need to consider other more common causes of upper gastrointestinal
bleeding, the preferred initial diagnostic test should be esophagogastroduo-
denoscopy (EGD). EGD should be performed by an experienced endoscopist
and in an operating room setting. If an active bleeding source is seen in the
third or fourth portion of the duodenum, direct and emergent operative treat-
ment should be undertaken. If clot is visualized in the third or fourth portion of
the duodenum, it should be left intact because any attempt to remove the clot
can lead to fatal hemorrhage. However, failure to find a bleeding source does
not eliminate aortic graft-enteric fistula from the differential. Although most
common in the third and fourth portion of the duodenum, aortic graft-enteric
fistula can occur in other locations of the gastrointestinal tract below the liga-
ment of Treitz, and additional endoscopy may be required. 

CT scan of the abdomen and pelvis with intravenous contrast and no oral
contrast should follow if EGD is nondiagnostic. Water as an alternative to oral
contrast may improve visualization of the fistula. Fluid surrounding the graft,
fat stranding, bowel wall edema, or air outside the bowel wall suggests graft in-
fection and possible fistula. Intravenous contrast entering the bowel is diagnos-
tic. CT scanning has the additional advantage of evaluating other potential
causes for the patient’s symptoms. 

Angiography is usually a nondiagnostic test, but is helpful for operative
planning. Angiographic documentation of extravasation of intravenous con-
trast into the bowel is rarely seen, but when present is diagnostic. Other find-
ings suggesting aortoenteric fistula include aortic-graft pseudoaneurysm and
bowing of the graft. Selective mesenteric angiography may demonstrate bleed-
ing from the bowel wall, which may be the source of hemorrhage in aortic graft-
enteric erosion. Angiography also may define the fistula site, proximal/distal
aortic-graft anastomosis, juxtarenal and suprarenal aortic anatomy, and lower
extremity runoff. As magnetic resonance angiography (MRA) and CT angiogra-
phy (CTA) technology improve, these modalities may eventually replace con-
ventional angiography. 



There is no longer a role for fluoroscopic interrogation of the upper gas-
trointestinal tract with oral contrast for diagnosis of aortic graft-enteric fistula.
Although diagnostic accuracy is similar to endoscopy, its use affects the ability
to perform CT scan or angiography. Findings include a sinus tract from the
bowel wall, contrast material around the graft, defect in the bowel wall, partial
intestinal obstruction, and bowel displacement. 

Nuclear white blood cell scanning is not useful for diagnosing aortic graft-
enteric fistula, but is sensitive for aortic graft infection. Indium 111-labeled
leukocyte scans have less nonspecific bowel uptake and a greater target-to-back-
ground ratio than gallium 67 scans. These scans are useful in the stable patient
with questionable aortic graft infection. A positive scan suggests infection, but is
not diagnostic of aortic graft-enteric fistula.

Recommendation

Operative repair.

Discussion
Nonoperative interventions carry 100% mortality. If the patient is hemodynam-
ically unstable and/or active bleeding is present, operative repair should be per-
formed immediately. If the patient is stable, operative repair should not be de-
layed, but careful preoperative planning needs to be in place. Although the
initial cause of aortic graft-enteric fistula may be noninfectious, once present,
clinical decision-making should be based on the assumption that the aortic graft
is infected. Important surgical tenets include timing of operative repair, optimal
and timely control of the aorta above the graft, complete removal of devitalized
aortic tissue and prosthetic graft material, consideration of aortic and bowel re-
construction and lower extremity revascularization options, and prevention of
future secondary aortic problems.

� Surgical Approach

Preoperative broad-spectrum antibiotics are initiated and the patient is taken to
the operating room. Bilateral femoral veins are harvested for autologous recon-
struction of the aorta with closure of the lower extremity incisions prior to ab-
dominal incision. Laparotomy is performed, and reveals a fistula between the
fourth portion of the duodenum and the proximal anastomosis of the prior aor-
tic graft. There is turbid fluid around the graft, and intraoperative cultures are
taken. The enteric portion of the fistula is repaired primarily with a serosal
patch. The entire bifurcated aortic prosthetic graft is removed. The femoral
veins are inverted to allow direct valve lysis. Neo-aortic reconstruction is per-
formed from the infrarenal aorta to the bilateral common femoral arteries using
the femoral veins, which are reconstructed into a bifurcated graft configuration.
A pedicle omental patch is placed over the abdominal portion of the neo-aortic
reconstruction. 

Discussion
Several options exist for repair of secondary aortic graft-enteric fistula. If the pa-
tient is hemodynamically unstable, exploration begins with early proximal con-
trol of the supraceliac aorta. Preoperative endoluminal balloon tamponade and
endovascular aortic stent grafts for actively bleeding fistula may be an option
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for aortic control, if technically feasible and expeditious. Because the objective
is immediate control of bleeding, emergent operative treatment may include di-
rect repair of the fistula and primary aortic graft repair, if the aorta will allow se-
cure repair. However, this is just a temporizing solution to allow for stabilization
of the patient and definitive treatment should only be delayed 1 to 2 days. If the
extent of devitalized and infected tissue precludes immediate direct repair, then
definitive treatment will need to be performed on an emergent basis with re-
moval of infected aortic graft preceding reconstruction. 

When the patient is hemodynamically stable, definitive operative planning
should include preparation for revascularization prior to aortic exposure and re-
moval of infected aortic graft. Extra-anatomic bypass using axillofemoral by-
pass, either staged or immediately prior to aortic graft resection, has been the
traditional approach. The decision of a staged or sequential interval is based on
the clinical setting, with the former reserved for patients with occult bleeding or
with significant co-morbidities. The technique for axillofemoral bypass may in-
volve use of a unilateral axillary artery with a crossover femoral-to-femoral by-
pass or separate grafts from bilateral axillary arteries. Use of the distal descend-
ing thoracic aorta has been described as an alternative to the axillary artery as
an inflow source. The femoral exposure may also need to be modified so as not
to expose any potentially infected aortofemoral graft at the groin level. Distal
anastomosis is to the common femoral arteries if there has been no prior pros-
thetic material in the groins. Otherwise, exposure of the superficial femoral
artery, lateral approach to the profunda femoral artery, or exposure of the
popliteal artery may be required. Once extra-anatomic bypass is completed, in-
cisions are closed prior to proceeding with aortic graft excision and bowel repair.
Thorough debridement of retroperitoneal tissue, perigraft tissue, and infected
aorta is critical to successful outcome. The infrarenal aortic segment is usually
adequate to allow closure at this level; however, if the devitalized infected aortic
tissue extends to the suprarenal level, hepatorenal and splenorenal bypass may
be required prior to removal of the aortic graft. The aortic stump is closed with a
tension-free, double layer of monofilament suture. Coverage of the aortic stump
with anterior spinal ligament, omental pedicle flap, or jejunal serosal patch can
also be utilized. The disrupted bowel is treated with aggressive debridement of
devitalized tissue and with primary closure or segmental resection with primary
bowel anastomosis. 

More recently, neo-aortic reconstruction with femoral vein, as described for
treatment of aortic graft infection, has become an alternative to the traditional
approach for treatment of aortic graft-enteric fistula, and was the surgical choice
in this case presentation. The advantage of neo-aortic reconstruction with
femoral vein is the use of autologous tissue, avoidance of aortic stump-related
problems, and reported decreased potential perioperative mortality and limb
loss. However, there are technical challenges and a potential extended operative
time course, which may limit its widespread application.

Other options for repair of aortic graft-enteric fistula include in situ replace-
ment using cryopreserved allograft or antibiotic-impregnated prosthetic mater-
ial. Cryopreserved allografts and antibiotic-impregnated prosthetic grafts have
the disadvantages of being nonautologous, increasing cost, and lack of immedi-
ate availability. Delayed graft rupture, aneurysm formation, graft calcification,
and recurrent graft infection have also been described. 

It is difficult to compare results of the above approaches based on the small,
historical, nonrandomized, usually single-center experiences reported in the lit-
erature. Reported mortality and amputation rates are 26% and 25% for graft ex-
cision followed by extra-anatomic bypass, 18% and 11% for extra-anatomic by-
pass followed by aortic graft excision, 27% and 17% for in situ graft repair, and
10% and 10% for neo-aortic graft reconstruction with femoral vein, respectively.



Case Continued

Postoperatively, the patient is admitted to the intensive care unit for continued
supportive care with extubation on postoperative day one. Intraoperative Gram
stain reveals gram-positive rods, gram-positive cocci, and gram-negative rods.
Cultures demonstrated growth of mixed gram-positive bacteria with no pre-
dominant organism. Antibiotics are continued for a 2-week course. Upper gas-
trointestinal contrast study is performed on postoperative day 5; with no evi-
dence of duodenal leak, she resumes a normal diet. She is discharged from the
hospital at one week.

Suggested Readings

230 Case 45

Burks JA Jr, Faries PL, Gravereaux EC. Endovas-
cular repair of bleeding aortoenteric fistulas:
a 5-year experience. J Vasc Surg. 2001;34:
1055-1059.

Champion MC, Sullivan SN, Coles JC, et al.
Aortoenteric fistula: incidence, presentation
recognition, and management. Ann Surg.
1982;195:314-317.

Clagett GP, Bowers BL, Lopez-Viego MA. Cre-
ation of a neo-aortoiliac system from lower
extremity deep and superficial veins. Ann
Surg. 1993; 218:239-249. 

Connolly JE, Kwaan JHM, McCart PM, et al.
Aortoenteric fistula. Ann Surg. 1981;194:
402-412.

Gilbert DA, Silverstein FE, Tedesco FJ, et al. The
national ASGE survey on upper gastroin-
testinal hemorrhage. Part III. Endoscopy in
upper gastrointestinal bleeding. Gastrointest
Endosc. 1981;27:94.

Kieffer E, Bahnini A, Koskas E, et al. In situ allo-
graft replacement of infected infrarenal aor-
tic prosthetic grafts: results in forty-three pa-
tients. J Vasc Surg. 1993;17:349–355.

Kuestner LM, Reilly LM, Jicha DJ, et al. Sec-
ondary aortoenteric fistula: contemporary
outcome using extra-anatomic bypass and
infected graft excision. J Vasc Surg. 1995;21:
184-196.

Loftus IM, Thompson MM, Fishwick G, et al.
Technique for rapid control of bleeding
from an aortoenteric fistula. Br J Surg. 1997;
84:1114.

Pipinos II, Carr JA, Haithcock BE, et al. Sec-
ondary aortoenteric fistula. Ann Vasc Surg.
2000;14:688-696.

Towne JB, Seabrook JR, Bandyk D, et al. In situ
replacement of arterial prosthesis infected
by bacterial biofilms: long-term follow-up. J
Vasc Surg. 1994;19:226–233.



Presentation

A 66-year-old man with a history of type II diabetes mellitus, hypertension, hy-
perlipidemia, and a pack/day smoking history presents with lifestyle-limiting
exertional leg pain. The leg pain has been present for over a year and is pre-
dictably based on walking distance. Physical examination reveals normal heart
and lungs, bilaterally diminished pedal pulses, and a right femoral bruit. 

Differential Diagnosis

The most likely cause for his symptoms is atherosclerotic narrowing of the lower
extremity arteries resulting in intermittent claudication (IC). IC should be dis-
tinguished from a different entity, so-called pseudoclaudication, which is sec-
ondary to lumbar spinal canal stenosis. Features that distinguish true claudica-
tion from pseudoclaudication are shown in Table 46-1. Other conditions that
may mimic IC include chronic compartment syndrome, symptomatic Baker’s
cyst, venous claudication, and muscle spasms.

Discussion
The symptoms of peripheral vascular occlusive disease (PVOD) of the lower ex-
tremities usually begin quite gradually. In fact, individuals with PVOD may of-
ten be unaware of subtle symptoms. Some patients do not seek medical care un-
til the disease is at an advanced stage because the symptoms are so insidious and
gradual. The most typical symptom of patients with PVOD is IC, which is usu-
ally described as an aching or cramping sensation associated with walking, but
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Table 46-1. Differences Between True Claudication and
Pseudoclaudication

Claudication Pseudoclaudication

Onset Exertion Standing, walking
Character Crampy, ache Paraesthetic, sharp
Bilateral +/- Usually
Walking distance Constant Variable
Etiology Vascular Spinal
Relief Standing Sitting, leaning forward
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should diminish abruptly with rest. This symptom typically occurs in the mus-
cle group distal to an arterial obstruction. For example, symptoms of calf IC re-
sult from superficial femoral artery occlusion. The most common site of superfi-
cial femoral artery occlusive disease is in the distal thigh at the adductor canal.
Symptoms may occur in the thigh, hip, and buttock if PVOD involves the aor-
toiliac segment or internal iliac arteries. 

Recommendation

The patient receives amlodipine and hydrochlorothiazide. He is referred for ex-
ercise ankle/brachial index (ABI) testing to assess for significant PVOD.

Ankle-Brachial Index Report

Bilateral resting ABIs are indicative of moderate PVOD, and the resting segmen-
tal pressures and waveforms are suggestive of aortoiliac disease. The patient is
exercised at the standard elevation at 1.5 MPH for 5 minutes, at which time the
patient complains of leg pain and cramping. The post-exercise ABIs dropped to
the severe PVOD range and failed to return to within 10% of the post-exercise
ABIs after 5 minutes.

Diagnosis and Recommendation

Based on the typical symptoms and abnormal ABIs, the clinical diagnosis is
PVOD. Because the patient has lifestyle-limiting IC, he may be considered for
potential revascularization. Prior to revascularization, he should receive a trial
of optimal medical therapy incorporating a structured exercise regimen of am-
bulation to claudication, rest, and restart for 30 minutes 4 to 5 times per week. 

Discussion
All patients with PVOD should also receive evidence-based medical therapy to
reduce future cardiovascular morbidity and mortality. Angiography remains the
gold standard to determine the severity and extent of PVOD. By using digital
substraction technology, high-quality images can be obtained using a small
amount of contrast material. However, angiography is an invasive procedure
and is indicated only in patients in whom revascularization is being considered.
Revascularization is indicated for lifestyle-limiting claudication, rest pain, is-
chemic ulceration, gangrene, and diabetic patients with IC. It is appropriate to
have a lower threshold for performing revascularization in diabetic patients be-
cause of higher incidence of limb loss. Diabetic patients also may not have the
same degree of claudication as nondiabetic persons because of neuropathy.
Revascularization may be performed either percutaneously or surgically.

Recommendation

The patient is started on aspirin, clopidogrel, and atorvastatin. An echocardio-
gram reveals an ejection fraction of 30%; therefore, he is not a candidate for
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cilostazol, because this agent may precipitate congestive heart failure. He is
asked to completely stop smoking and is enrolled in an exercise program. 

Case Continued

After 8 weeks of a structured exercise regimen and medical therapy, the patient’s
symptoms improve, but he continues to have IC, affecting his functional ability
with occasional rest pain. Because of inadequate control of symptoms with
medical therapy, he is referred for angiography of the lower extremities.

Discussion

Appropriate risk factor modification and optimal medical therapy is an integral
component of the treatment of patients with PVOD. Complete cessation of to-
bacco use should be the goal in these patients. Stopping smoking can reduce the
5-year amputation risk tenfold and decrease the mortality rate by 50%. All pa-
tients should be on lipid-lowering therapy with a target low-density lipoprotein
(LDL) level of less than 100 mg/dL. Antiplatelet agents reduce both the risk of
limb loss and the need for surgical revascularization in patients with IC. An-
tiplatelet therapy also substantially reduces the risk of myocardial infarction,
stroke, or death in patients with PVOD. All patients should be on aspirin unless
contraindicated. Dual antiplatelet therapy with aspirin and clopidogrel has
significant incremental beneficial effects in patients with PVOD. Cilostazol may
significantly increase claudication distance in some patients. However, this
drug is a phosphodiesterase inhibitor, and is contraindicated in patients with
congestive heart failure and ejection fraction less than 40%. A regular walking
regimen may significantly improve symptoms. The best program is a stop-start
walking regimen and includes regular daily walks, 30 to 45 minutes/day, at least
3 times/week, for at least 6 months. Individuals should walk as far as possible,
using near maximal pain as a signal to stop, and resume walking when pain
goes away. 

� Angiogram of the Aortoiliac System 

Figure 46-1



Angiogram Report

Angiogram reveals bilateral severe common iliac artery stenosis with a pressure
gradient greater than 50 mm Hg across both sides. There is mild superficial
femoral artery (SFA) stenosis and two-vessel runoff in both lower extremities. 

Discussion

Endovascular Approach

Percutaneous transluminal angioplasty (PTA), with or without stenting, is the
procedure of choice for focal stenosis involving the distal abdominal aorta,
common iliac, and external iliac arteries (less than 5 cm in the iliac artery).
Initial technical success for stenosis is greater than 95% in most series, with
long-term patency exceeding 70% at 2 years and 60% at 5 years. The overall
complication rates are less than 5% (usually access site-related and minor),
and the mortality rate is less than 1%. Iliac artery occlusions demonstrate simi-
lar long-term patency, provided that they are recanalized successfully. Although
PTA may be applied selectively in short lesions without the need for adjunctive
stenting, it is generally accepted that stenting improves initial technical success
and has extended the ability to treat bilateral aortoiliac lesions. Selected patients
with severe IC in the setting of femoropopliteal disease may also be considered
for endovascular treatment. Predictors for successful outcome include absence
of diabetes, short focal lesions, good distal runoff, and lack of residual lesions.
Indications for stenting in the femoropopliteal arteries include complications
such as extensive dissection or thrombosis. Initial studies with drug-eluting and
covered stents in the femoropopliteal arteries appear promising.

Surgical Approach

Results for surgical bypass for aortoiliac disease are excellent, with operative
mortality rates of less than 3% and long-term patency rates of more than 90%
at 5 years and more than 70% at 10 years for both aortofemoral bypass and
aortic endarterectomy. The aortobifemoral bypass (AFB) is considered the refer-
ence standard for treatment of aortoiliac disease, because it consistently offers
the most reliable results. The prosthetic material used most commonly is
Dacron, and a bifurcated graft measuring 18 × 9 mm is most often employed.
The size may be reduced to 14 × 7 mm in the female patient. The limb length
is adjusted to match the femoral arteries or those of the SFA. Patency rates
do not seem to differ with an end-to-side versus an end-to-end proximal anasto-
mosis. Distal anastomosis may be to the common femoral artery (CFA) in pa-
tients with widely open profunda femoris artery (PFA) and superficial femoral
arteries (SFA). Alternatively, the hood of the graft may be extended to the proxi-
mal SFA in patients with stenosis involving the origin of the SFA, but with
patent distal SFA and PFA, or to the PFA (provided the caliber of the PFA is at
least 3 mm and the length is at least 15 to 20 cm). The graft may be extended to
the PFA alone, for example, when the SFA and the CFA are extensively obliter-
ated or the hood of the graft may be split to patch proximal stenosis involving
the SFA and PFA.
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Case Continued

The patient undergoes successful stenting of bilateral common iliac arteries with
complete resolution of the gradient across the stenoses. There is also significant
improvement in bilateral ABIs and resolution of his IC after the procedure.

� Post-procedure Angiogram 

Bosch JL, Hunink MG. Meta-analysis of results
of percutaneous transluminal angioplasty
and stent placement for aortoiliac occlusive
disease Radiology. 1997;204:87-96.

de Vries SO, Hunink MG. Results of aortic bifur-
cation grafts for aortoiliac occlusive disease:
a meta-analysis. J Vasc Surg. 1997;26:558-
569.

Hiatt WR. Medical treatment of peripheral arte-
rial disease and claudication. N Engl J Med.
2001:344;1608-1621.

Intermittent Claudication in Transatlantic In-
ter-Society Consensus (TASC). Management
of peripheral arterial disease. J Vasc Surg.
2000;31:S54-S122.

Mukherjee D, Lingam P, Chetcuti S, et al.
Missed opportunities to treat atherosclerosis
in patients undergoing peripheral vascular
interventions: insights from the Michigan
Peripheral Vascular Disease Quality Im-
provement Initiative (PVD-QI2). Circulation.
2002;106:1909-1912.

Mukherjee D, Yadav SJ. Update on peripheral
vascular diseases: from smoking cessation to
stenting. Cleve Clin J Med. 2001;68:723-734.

Weitz JI, Byrne J, et al. Diagnosis and treatment
of chronic arterial insufficiency of the lower
extremities: a critical review. Circulation.
1996;94:3026-3049.

Suggested Readings

Figure 46-2



236

case 47

Presentation

A 78-year-old woman with a history of hypertension and hypercholesterolemia
presents to your office with one month of worsening left foot pain that localizes
to the base of the toes. She describes it as a “burning pain.” The pain is present
at rest, improves with dependency, and worsens when lying in bed or with foot
elevation. She also notes a consistently reproducible “tightening” or “ache” of
the left calf that occurs after one block of walking and is relieved by rest. She is
not diabetic. She has a remote, 15-pack year history of cigarette smoking. She
denies a history of stroke or myocardial infarction (MI). She has never had deep
venous thrombosis. Her left second toe was amputated in the remote past fol-
lowing a minor traumatic injury complicated by infection. On examination, she
has no carotid or abdominal bruits and no palpable abdominal masses. Her
femoral pulses are easily palpable and equal. She has no other palpable pulses
below this level on the left, but has a palpable right popliteal pulse. Doppler sig-
nals are insonated at both the dorsalis pedis and posterior tibial arteries (DPA
and PTA, respectively) on the right and the PTA on the left. Her left foot demon-
strates rubor when dependent and pallor on elevation. There is a marked ab-
sence of hair on the leg, and the skin appears atrophic, dry, and scaly.

Differential Diagnosis

The differential diagnosis of ischemic rest pain includes the pain and paresthe-
sias of diabetic peripheral neuropathy, gout, rheumatologic disorders, os-
teoarthritis, and common foot conditions such as plantar fasciitis, bone spurs,
and benign muscle cramps. The influence of dependency and elevation on this
patient’s foot pain and color are nearly pathognomonic of severe chronic is-
chemia and would not be typical of these other conditions. Ischemic rest pain is
typically localized to the forefoot (toes, instep) and is usually severe enough to
require narcotics for adequate management. Benign nocturnal muscle cramps in
the calf or thigh are a common condition not associated with circulatory dis-
ease. Trophic changes of the skin and loss of dermal appendages over the leg
and foot are characteristic of chronic ischemia. In this setting, it is important to
examine the feet for ulcers that occur at points of friction (eg, between the toes).
A history of poor healing or infection that leads to amputation following minor
trauma is also suggestive of severe ischemia or poorly controlled diabetes. The
reproducible association of calf pain with ambulation and relief with rest in this
patient is characteristic of arterial occlusive disease with calf claudication, and
lends further support to the presumption that her pain has a vascular etiology.

Discussion
Atherosclerosis is a systemic disease. This obligates one to assess other vascular
beds (cerebral, coronary, mesenteric, renal, and aortoiliac) for ischemic symp-
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toms when evaluating a patient for complaints of infrainguinal arterial insuffi-
ciency. Recognized risk factors for atherosclerosis include tobacco use, male gen-
der, diabetes, hyperlipidemia, hypercholesterolemia, and hypertension. Patients
initially presenting with calf claudication are at increased risk for cardiovascular
death, but at relatively low risk for limb loss (approximately 5% and 1% per
year, respectively). In contrast to patients with claudication, reported 5-year
mortality rates for patients with critical limb ischemia (CLI; rest pain or gan-
grene) requiring bypass range from 30% to almost 90%. Factors associated with
higher mortality rates are diabetes, renal insufficiency, and renal failure. The
goal of revascularization procedures in this patient population is limb salvage.
Vein bypass grafts performed for CLI have reported patency rates of up to 80%
at 5 years and limb salvage rates that approach 90%. Patients presenting with
CLI are increasingly older and female. The prevalence of symptomatic athero-
sclerotic disease is greater in males than females at younger ages (40 to 60 years
old), but it should be recognized that cardiovascular death is the leading cause
of death for women as well as men.

Initial objective testing for lower limb ischemia is done in the noninvasive
vascular laboratory. Studies performed include an ankle/brachial systolic pres-
sure index (ABI), segmental Doppler pressure (SDP) measurements, and pulse
volume recordings (PVR). These are helpful in distinguishing ischemic pain
from other causes of limb pain and aid in the assessment of the level (aortoiliac
versus femoropopliteal versus tibial) and severity of the occlusive disease. The
ABI is a ratio of ankle systolic pressure to the higher brachial artery pressure, and
is easily performed in the clinic or at the bedside with the use of a handheld
Doppler. An index of less than 0.7 variably correlates with symptoms of calf
claudication. An ABI of less than 0.4 is often associated with a history of rest
pain or ulcer on physical examination. SDP measurements assess the drop-off in
systolic blood pressure due to occlusive disease. These are measured by inflating
blood pressure cuffs at several locations along the length of the leg. The systolic
pressure at which a continuous wave Doppler signal insonated at the ankle re-
turns is compared to the higher of the brachial artery pressures measured. The
difference in the pressures measured is attributable to occlusive disease proximal
to the blood pressure cuff. Pressure drops of greater than 20 mm Hg are gener-
ally considered physiologically significant. PVR are obtained with blood pres-
sure cuffs inflated to 60 to 70 mm Hg placed along the leg in locations similar to
SDP measurements. These partially inflated cuffs transmit changes in leg vol-
ume that occur with cardiac systole. The waveforms obtained indirectly corre-
late to the arterial pressure waves generated by the heart during systole. Damp-
ing (decrease) of the waveform is related to the presence and severity of
occlusive disease proximal to the measuring cuff. PVR are particularly useful in
settings where cuff measurements of systolic pressure may be artificially ele-
vated by arterial calcification. Examples include the arteries of patients with
longstanding diabetes or hemodialysis-dependent renal failure. Cuff measure-
ments of digital arterial pressures can also be useful, as these arteries are not fre-
quently calcified. However, digital pressures do not permit assessment of the
level of disease afforded by PVR.

Diagnosis

Severe arterial occlusive disease of the left leg.
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Recommendation

Noninvasive arterial testing: SDP measurement, ABI determination, and PVR.

� Noninvasive Laboratory Workup
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Results of Noninvasive Testing

The ABI of 0.32 and severely depressed waveform of the PVR at the metatarsal
level on the left are consistent with critical ischemia of the left foot. The reduc-
tion in SDP (greater than 20 mm Hg) and damping of the PVR at the low thigh
and ankle are consistent with two levels of significant arterial occlusive disease
(superficial femoral artery and tibioperoneal system). There is a marginal pres-
sure drop in the left thigh, suggestive of mild iliac disease. 

Recommendation

The patient has noninvasive arterial tests consistent with critical left leg is-
chemia. A left lower extremity arteriogram for operative planning is appropriate.

Figure 47-1



� Arteriogram
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Arteriogram Report

There is no significant stenosis of the distal aorta, left common iliac artery, or
external iliac artery (not shown). There is mild stenosis of the left common
femoral artery. Arteriogram shows a patent common femoral artery (CF), oc-
cluded superficial femoral artery origin (O), and patent profunda femoris artery
(PF) (Fig. 47-2A). The left superficial femoral artery is occluded at its origin and
reconstitutes (R) the above knee popliteal artery (PA) via profunda femoris artery
collaterals at the level of Hunter’s canal (Fig. 47-2B) with single-vessel runoff to
the ankle via the peroneal artery (PE) (Fig. 47-2C). The tibioperoneal trunk is se-
verely diseased. The peroneal artery (PE) fills the anterior tibial (AT) and dorsalis
pedis artery and posterior tibial artery (PT) via collaterals (Fig. 47-2D).

Diagnosis and Recommendation

This patient requires a bypass of the occluded SFA, diseased tibioperoneal trunk,
and proximal peroneal artery. The patient is offered a common femoral artery
(CFA) to mid-peroneal artery bypass with autogenous greater saphenous vein for
relief of rest pain and limb salvage. She is told that her risk of perioperative my-
ocardial infarction is less than 5% and that the likelihood of early graft failure
(30 days) is approximately 5%. Between 60% and 70% of similarly constructed
bypass grafts last 5 years without intervention, and patency approaches 80%
with revisions. The limb salvage rate for patients having a successful bypass ap-
proaches 90% at 5 years.

The patient should expect to have follow-up visits with a vascular surgeon
for the remainder of her life. This follow-up includes routine surveillance of the
bypass graft by duplex ultrasonography. The goal of surveillance is to detect
grafts that are failing due to the development of anastamotic intimal hyperpla-
sia or progression of occlusive disease proximal to the graft or in the runoff bed.
Close follow-up permits revision of the graft before it fails, and is an implicit
part of the entire operative strategy for successful lower extremity bypass
surgery.

The 5-year mortality rate for patients initially presenting with critical limb
ischemia is high. It is reiterated to the patient that atherosclerosis is a systemic
disease and that control of blood pressure, hypercholesterolemia, blood sugar
for diabetics, and smoking cessation are of paramount importance for both
preservation of her limb as well as her life. Her preoperative cardiac assessment

Figure 47-2



is initiated, and is focused primarily on functional status. A history of significant
coronary artery disease (prior MI, abnormal electrocardiogram, or revasculariza-
tions), valvular heart disease, diabetes, and advanced age are important risk fac-
tors to identify. Because of her CLI and limited exercise capacity, some type of
provocative cardiac stress testing (dobutamine echocardiography or persantine-
thallium imaging) may be indicated. She is started on aspirin and a beta-blocker
preoperatively to reduce her perioperative cardiac morbidity and mortality. The
potential complications of the procedure discussed with the patient include
wound infections, MI, bleeding, graft failure, limb loss, renal failure, stroke, and
death.

� Surgical Approach

The selection of an appropriate conduit for the bypass is critical to its long-term
success. The best conduit is a single segment of ipsilateral greater saphenous
vein (GSV) followed by contralateral GSV. Cephalic and basilic (arm) vein as
well as lesser saphenous vein, as either a single piece or as a composite graft, is
preferred to synthetic conduits of Dacron or polytetrafluoroethylene (PTFE).
The vein is utilized in an antegrade fashion after lysis of the valves, or it can be
reversed. The vein is studied preoperatively by duplex ultrasonography to en-
sure adequate diameter (greater than 2 mm undilated) and to identify major
braches, duplicated venous systems, sclerotic areas, and congenital absence.
Tunneling of the infrainguinal bypass grafts is done either superficially in the
subcutaneous space or beneath the sartorious muscle and through the popliteal
space to the infrageniculate target. The superficial graft tunnel has the advan-
tage of being more readily accessible for revision, if needed. The advantage of
the deeper tunnel is that the graft is protected in the event of a wound infection
or dehiscence. The proximal and distal anastomoses, as well as the graft
throughout its course, are imaged by either arteriography or duplex ultrasonog-
raphy in the operating room to identify any technical problem that would re-
sult in early graft failure. Arteriography has the advantage of more easily imag-
ing the native vessels and their collaterals that make up the runoff for the
bypass.

Case Continued

The bypass is performed between the CFA and the mid-peroneal artery with ipsi-
lateral GSV. The graft is tunneled subsartorially, though the popliteal fossa and
into the distal wound. The distal anastamosis is fashioned, while a proximal
tourniquet is used to control bleeding from the open peroneal artery. A comple-
tion arteriogram is obtained.
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� Arteriogram
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Arteriogram Report

Arteriogram shows the course of the vein bypass graft (G), the reconstituted su-
perficial femoral artery (R) filling the popliteal artery (PA), the location of distal
anastomosis (A), and the distal native peroneal artery (P) runoff and DPA runoff
(not shown). Excellent filling of the dorsalis pedis artery and arch collaterals is
demonstrated (not shown). Detail of the arterial anastomosis is shown in Fig.
47-3B.

Case Continued

The patient is discharged from the hospital on postoperative day 5. Follow-up
is scheduled for a wound check in the office one week after discharge. Her
first graft surveillance duplex ultrasound is scheduled for one month after the
operation.
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Presentation

A 54-year-old woman with left calf claudication for 40 years has developed sim-
ilar right-sided symptoms in the past year. Symptoms occur after walking 4 to 5
blocks. She has hypertension and hypercholesterolemia. On physical examina-
tion, she has 1+ (out of 4) femoral pulses and 3+ popliteal pulses bilaterally.
Pedal pulses are 1 to 2+ bilaterally. She has no foot ulcers. 

Differential Diagnosis

In a patient with risk factors for atherosclerosis, occlusive disease should be con-
sidered first as the etiology for claudication. However, the duration of this pa-
tient’s symptoms suggests a potential congenital diagnosis, including aortic
coarctation, embryological arterial abnormalities, or cardiac lesions causing pe-
ripheral emboli. In a patient with a stronger pulse at the popliteal level com-
pared to the femoral artery, persistent sciatic artery (PSA) should be suspected.

Diagnostic Tests and Results

Noninvasive vascular studies demonstrate ankle/brachial indices of 0.68 and
0.74 on the right and left, respectively, decreasing to 0.4 and 0.71 after 1 minute
of exercise. She is able to exercise for 5 minutes, completing the 283-yard proto-
col with right calf weakness. 

� CT of the Abdomen and Pelvis
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Figure 48-1
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CT Scan Report

Computed tomography (CT) scan of the abdomen and pelvis demonstrates bi-
lateral thrombosed 2-cm PSA aneurysms (white boxes) from the pelvis to the
popliteal arteries.

� Abdominal Aortogram
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Figure 48-2
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Aortogram Report

Abdominal aortogram with bilateral lower extremity runoff shows a right rem-
nant sciatic artery (white box) that is thrombosed as it exits the pelvis, refilling a
tiny fragment at the lesser trochanter level (Fig. 48-2A). No evidence of the left
sciatic artery is noted on arteriogram. The distal bilateral superficial femoral ar-
teries (Fig. 48-2B) end at the adductor hiatus and the popliteal arteries refill via
two collateral arteries (Fig. 48-2C). There are luminal irregularities in both
popliteal arteries indicative of partially recanalized thrombus (Fig. 48-2D). 

Diagnosis and Recommendations 

This 54-year-old woman has bilateral persistent sciatic arteries with aneurysmal
degeneration and stable claudication. She has evidence of prior embolic events,
but has little to no flow within the aneurysms on the present examination. Al-
though femoral-popliteal reconstruction could be considered, as she has ade-
quate external iliac and common femoral arteries, the patient did not feel that
her symptoms were lifestyle limiting and no operation was performed. Serial CT
scans were recommended on a yearly basis to assess aneurysm size. 

� Approach

Management of PSA with or without aneurysmal changes depends on the de-
gree of symptoms. No intervention is required if PSA is found incidentally or if
the patient has stable mild ischemic symptoms, such as the described patient.
PSA aneurysm rupture has not been reported, but aneurysm size should be fol-
lowed serially with ultrasound or CT angiogram. 

� Surgical Approach

A PSA aneurysm alone, without significant distal ischemic disease, can be suc-
cessfully managed with percutaneous embolization. If catheter-based tech-
niques are unsuccessful, open ligation with or without concomitant arterial
revascularization has been described. Interposition grafting, with either pros-
thetic or vein conduit, from the normal femoral, external iliac, or hypogastric
artery to the popliteal artery may be performed in conjunction with aneurysm
ligation or endoaneurysmorrhaphy via a retroperitoneal approach. Excision of
the aneurysm should be avoided, as it is often adherent to the sciatic nerve, and
footdrop has been reported in open aneurysm repair. The limb loss rate has been
reported as high as 18%, but this includes many patients with primary amputa-
tions due to embolic events. 

Discussion
Fewer than 100 cases of PSA have been reported in the literature since Green
first described this congenital anomaly in 1832. In normal embryological devel-
opment, the sciatic or axial artery is evident at the 6-mm stage and supplies
blood flow to the lower limb. The femoral and sciatic arteries are approximately
equal in caliber by the 14-mm stage, but the sciatic artery then involutes, leav-
ing the femoral artery as the dominant vessel. If any of these developmental
stages are abnormal, both the femoral and sciatic arteries may be present, in ei-
ther complete or incomplete segments, and may occur unilaterally or bilaterally.
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The incidence of a PSA is estimated to be 0.01% to 0.05%, with bilateral PSAs oc-
curring in 12% of cases. 

Clinical findings in PSA are related to thrombosis, embolization, or local ef-
fects from the aneurysm. The risk of aneurysm in a PSA is at least 50%. Con-
comitant findings of varicose veins, persistent sciatic veins, arteriovenous mal-
formations, and abdominal wall capillary hemangiomas have been reported. On
physical examination, the presence of pedal pulses with the absence of femoral
pulses should raise the suspicion of PSA.

Diagnostic imaging includes ultrasound, CT, and arteriography, which can
be accomplished with spiral CT arteriography in one study. Magnetic resonance
arteriography can be used in patients with renal insufficiency. 

Surgical and endovascular approach to PSA treatment has been outlined
above and is used for symptomatic patients with patent aneurysms or ischemic
disease. Patients with PSA should also be treated carefully if undergoing hip op-
erations due to the surgical proximity of the aberrant artery, or if undergoing 
renal transplantation to the ipsilateral hypogastric artery.
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Presentation

A 23-year-old woman with no significant past medical history visits your office
complaining of aching pain in her right leg with running, lifting weights, or
strenuous exercise of her lower extremities. She is otherwise healthy, and exer-
cises regularly as a member of her university’s swimming team. She does not
smoke, takes no medications, and has no family history of premature cardiac or
vascular disease. On examination, no obvious trauma or injury to her extremi-
ties is present. Musculoskeletal examination shows intact ligaments and no lim-
itation in range of motion. Dorsalis pedis pulses at rest are 2+ bilaterally. 

Differential Diagnosis

Claudication is usually fairly stereotypical in its quality, frequency, and repro-
ducibility. The diagnostic challenge lies in not missing a classic history in a
young, otherwise healthy patient. In a young patient, rare etiologies of vascular
claudication must be considered. Thromboangiitis obliterans, commonly
known as Buerger’s disease, is characterized by multiple segmental thrombotic
occlusions of distal small and medium arteries. Although an exact cause is un-
known, it is exclusively seen in smokers, and thus is effectively ruled out in this
case. Fibromuscular dysplasia, characterized by alternating segments of stenosis
and dilatation, can also result in arterial occlusion in younger non–high-risk pa-
tients. However, the popliteal artery is a relatively uncommon site of dysplastic
change, and this condition is approximately nine times more common in
women than in men. Another possibility includes popliteal adventitial cystic
disease. In this condition, the growth of cysts in the subadventitial tissue gradu-
ally encroaches on the lumen of the vessel. 

The most likely diagnosis in a young athlete with claudication is popliteal
artery entrapment. It is caused by an aberrant course of the popliteal artery in
relation to the muscles (primarily the gastrocnemius) in the popliteal fossa.
Prior to obtaining definitive invasive imaging studies, documentation of func-
tional artery occlusion by noninvasive means is possible. This can be accom-
plished on physical examination by palpating distal pulses as the patient ac-
tively plantar flexes his or her foot. Recording pulse waveforms with Doppler
flow analysis and calculating ankle/brachial indices (prior to and during con-
traction) increase the sensitivity of this maneuver.

Case Continued

The pulses on the right side are palpable at rest. The unilateral foot pulses are
palpable but diminished with plantar flexion. Noninvasive Doppler studies are
obtained.
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� Doppler Studies
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Doppler:                                                                      
RIGHT LEFT

Femoral        Triphasic                                                    
Sup. Femoral Triphasic                                                    
Popliteal Biphasic                                                     
Post. Tibial Biphasic Post. Tibial Triphasic
Dors. Pedis Triphasic Dors. Pedis Triphasic 

Segmental Limb Pressures:                                                     
RIGHT                                  LEFT                                   

Brachial:      115                   Brachial:      111                  
High Thigh     155 - 1.35                                                   
Low Thigh      154 - 1.34                                                   
Calf            99 - 0.86                                                   
Ankle (PT)      90 - 0.78           Ankle (PT)     132 - 1.15          
Ankle (DP)      94 - 0.82           Ankle (DP)    136 - 1.18         

Digits Digits:                             
First        67 - 0.58           First       100 - 0.87           

Figure 49-1

Doppler Ultrasound Report

It is evident that the patient likely has a segmental blockage of the right popliteal
artery. There is no evidence of occlusive disease on the left. With forced flexion,
the gastrocnemius compresses the popliteal artery, attenuating the pulse waves,
and this is evident with plantar flexion on the left. Although this test is not ab-
solutely diagnostic, it is highly suggestive of popliteal entrapment. 

Recommendation

Because popliteal entrapment is bilateral in up to one third of patients, a posi-
tive examination in the asymptomatic leg would be highly suggestive of this
condition. Definitive diagnosis requires an imaging study that provides more
accurate localization and mapping of the anatomy in the popliteal fossa, specif-
ically, the relation of the neurovascular structures to the musculoskeletal ele-
ments. Both computed tomographic scanning and magnetic resonance imaging
provide excellent resolution and anatomic detail of this compartment, but are
not as accurate for defining arterial anatomy as an arteriogram. With a suspicion
of popliteal entrapment and a known right popliteal artery occlusion, a lower
extremity arteriogram is requested.



Arteriography Report

This study suggests a chronic right popliteal occlusion (A) and mild medial devi-
ation of the left popliteal artery (B). Other findings on arteriography that are
considered diagnostic of popliteal entrapment consist primarily of three distinct
findings: medial deviation of the proximal mid-popliteal artery, segmental oc-
clusion of the mid-popliteal artery, and poststenotic dilatation.

Discussion
Popliteal artery entrapment is due to one of several possible developmental ab-
normalities in the relationship of the popliteal artery to the other structures of
the popliteal fossa, most notably the gastrocnemius and plantaris muscles.
There are four basic types of anatomic popliteal entrapment. In type I entrap-
ment, the popliteal artery passes medial to the medial head of the gastrocne-
mius as it originates on the femur. In type II entrapment, the popliteal artery
follows a more direct course (less medial deviation) than it does in type I entrap-
ment, but still passes medial to the medial head of the gastrocnemius. In type III
entrapment, the popliteal artery itself maintains its normal position between
the medial and lateral heads of the gastrocnemius, but is compressed by an ac-
cessory muscular or fascial band originating from the medial head of the gas-
trocnemius, and attaching to the femur. In type IV entrapment, the artery
passes deep to the popliteus muscle or a fibrous band in the same location. In
this type of entrapment, the popliteal artery itself may pass either medial or lat-
eral to the medial head of the gastrocnemius. Approximately 18% of the cases of
popliteal artery entrapment are of other types, which cannot be grouped into
these classes.
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Diagnosis

Popliteal artery entrapment syndrome with symptomatic right popliteal artery
occlusion.

Recommendations

Although most patients (especially those in younger age groups) have struc-
turally normal arteries at the time of diagnosis of popliteal entrapment, surgery
is universally recommended for those patients with a demonstrated anatomic
entrapment. Even if the patient has not experienced an acute thrombotic event
prior to the diagnosis, the natural history of vascular entrapment is fairly aggres-
sive occlusion. Over time, repeated vascular trauma and thrombosis lead to pro-
gressive fibrosis of the vessel wall. The lumen of the vessel therefore becomes a
thrombogenic environment, which may lead to an acute occlusion. The goal of
surgery in this condition is the restoration of the normal relationship between
the popliteal artery and the muscles of the popliteal fossa.

In light of your findings at arteriography, you recommend a surgical explo-
ration and bypass of the occluded segment on the right. 

� Surgical Approach

In popliteal artery entrapment uncomplicated by acute occlusion or an antici-
pated graft, the posterior approach is generally considered superior. This allows
the clearest visualization and recognition of the structures in the popliteal fossa,
and facilitates reconstruction. In all cases, the essential principle of repair is the
same: division of the structure causing the entrapment, and restoration of the
normal relationship of the artery and muscles. In type I or II entrapment, it may
be necessary to divide the gastrocnemius at its origin. In this case, reconstruc-
tion of this muscle is necessary to restore function. In type III entrapment, sim-
ply dividing or excising the band causing compression will relieve the obstruc-
tion. Correction of the type IV abnormality requires division of the popliteus
muscle, or the compressive band, as the case dictates. In the worst case, a bypass
is performed for the occluded segment via a medial above and below-knee 
approach.

Discussion
Although popliteal artery entrapment is a relatively rare phenomenon, present
in only 1.6% to 3% of the general population, at least two studies have sug-
gested that in a young athlete with signs and symptoms of a vascular occlusion,
the incidence may be as high as 60%. Therefore, it is important to consider this
possibility in young patients who present with pain typical of an ischemic limb,
even though they may not have the other classic signs of acute or chronic is-
chemia. Pulses in the affected leg may be absent in up to 63% of patients, and
diminished in 10%. Although it is possible to induce absence of the pulse by
passive plantar flexion, this is possible in only approximately 11% of cases. Ex-
tremes of dorsiflexion and plantarflexion, such as may occur with running, are
both capable of replicating the symptoms of pain that prompt patients to seek
medical attention. 
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Apart from anatomic entrapment, there are documented cases of young pa-
tients with normal popliteal anatomy suffering from the popliteal entrapment
syndrome. This is known as functional popliteal entrapment; as its name im-
plies, it is almost purely related to an active functional compression of the
popliteal artery. Although it has been theorized that this type of occlusion is due
to overtraining and hypertrophy of the gastrocnemius muscle, it has also been
demonstrated that approximately 50% of the normal population may be capa-
ble of inducing an obstruction of the popliteal artery with knee extension and
plantarflexion of the foot. The occlusion in both symptomatic and asympto-
matic patients seems to be due to lateral compression of the popliteal artery at
the level of the soleal sling. The gastrocnemius, plantaris, and popliteus muscles
may all play a role in this type of occlusion. 

Case Continued

This patient undergoes a successful above-knee to below-knee reversed saphe-
nous vein bypass (Fig. 49-3). 

Postoperatively, she has an unremarkable course. Intraoperative arteriogram
shows a technically good result. Recovery time is allowed for several months,
and then she opts for gastrocnemius release for her less symptomatic left leg, as
no significant popliteal artery narrowing is present. Long-term graft surveillance
is essential. No specific activity limitations are prescribed.
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Figure 49-3. Arteriogram of successful above-knee to below-knee bypass with 
reversed saphenous vein.
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Presentation

A 75-year-old man is seen for routine follow-up after undergoing reoperation on
left femoral to below-knee popliteal bypass with reversed saphenous vein,
which was done 6 months ago for rest pain. The patient had a prior femoral to
above-knee popliteal bypass with prosthetic, and this had failed within 1 year.
Past medical history includes diabetes, tobacco use times 30 years (and cur-
rently), hypertension, and hyperlipidemia. Medications include aspirin, an an-
giotensin-converting enzyme (ACE) inhibitor, and a multivitamin. The patient
has no current symptoms and is ambulating more than half a mile without clau-
dication. Physical examination shows a well-healed incision in his left groin
and below-knee calf incision. The patient has a faintly palpable dorsalis pedis
pulse with an excellent biphasic Doppler signal.

Recommendation

Follow-up protocols should be instituted for surveillance of lower extremity bypass
grafts to assess for stenosis of the graft that could lead to thrombosis, which may
not be detected by the patient symptomatically or by ankle/brachial index change.
The patient’s ankle brachial indices are 0.75 on the right and 0.85 on the left (no
change from initial postoperative values) with biphasic Doppler waveforms. 

� Graft Scan
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Graft Scan Report

Graft scan shows an unexpected high-grade proximal lesion with evidence of
greater than 75% stenosis, based on velocities (Fig. 50-1A) and gray scale imag-
ing (Fig. 50-1B). 

Discussion
Duplex graft surveillance is a well-established technique proven to significantly
improve graft patency and limb salvage by 30% to 50% over 5 years and de-
crease early graft thrombosis by more than 50%. The concept is that a hemody-
namically significant stenosis in the graft can be found and corrective treatment
carried out before the patient becomes symptomatic secondary to a thrombosed
graft. Salvage techniques such as graft thrombolysis and revision are much less
successful than if treated electively. Most graft stenoses occur within the first 2
postoperative years, and thus more frequent early scanning is recommended
(about every 3 months for the first year, every 6 months for the second year, and
then yearly). Graft duplex velocities increase at the region of stenosis, and com-
parison between the highest velocity and proximal velocity is essential. Exam-
ple of risk stratification for velocities is shown in Table 50-1. 

Recommendation

Patients can undergo direct graft repair based on the duplex ultrasound, but ar-
teriography is recommended to determine the extent of the proximal stenosis,
as well as to determine if there are any distal stenoses not seen with duplex in-
terrogation. 
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Table 50-1. Stratification of Risk of Graft Thrombosis by Surveillance Data

Risk of Thrombosis HVC LVC Change in ABI

Category I PSV >300 cm/sec and GFV <45 cm/sec and >0.15
(highest risk) Or

Vr >3.5

Category II PSV >300 cm/sec and GFV >45 cm/sec and <0.15
Or
Vr >3.5

Category III
(intermediate risk) 180 <PSV >300 cm/sec and GFV >45 cm/sec and <0.15

Or
Vr >2.0

Category IV PSV >180 cm/sec and GFV >45 cm/sec and <0.15
(low risk) And

Vr >2.0

HVC, High-velocity criteria; LVC, low-velocity criteria; ABI, ankle brachial index; PSV, peak systolic velocity; Vr, velocity ratio (from
Wixon CL, Mills JL, 2001 in Current Therapy in Vascular Surgery, with permission)



� Arteriography
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Figure 50-2

Arteriography Report

The arteriogram confirms a 2-cm proximal stenosis (Fig. 50-2A) with the re-
maining graft and outflow (Fig. 50-2B) not significantly diseased. 

Discussion
Either endovascular or open patch angioplasty are reasonable options. Because
the lesion is proximal and can be easily anatomically accessed, as well as the
likely better durability of open patch angioplasty as compared with endovascu-
lar therapy, this option is chosen. Other surgical options include a vein segmen-
tal interposition graft, which is often the best option for a distal stricture where
reoperation may be very hazardous. Endovascular angioplasty has mixed results,
but is reasonable to use in patients who have distal stenosis, which may be diffi-
cult to access surgically through dense scar tissue, or in patients with large
limbs. The use of cutting balloon angioplasty has significant promise in this set-
ting (anecdotal).

The surgical technique is straightforward, but care and patience are essential.
Standard reoperative dissection techniques should be used for surgical exposures.
Sharp knife dissection, wide exposure, and alternating between difficult and easier
areas of dissection decreases frustration, which may lead to impulsive moves (and
more misery). The best material to use for the patch is autologous vein, either a
saphenous vein or arm vein segment. Alternatively, the author has had good suc-
cess with bovine pericardium. Intraoperative duplex is then obtained to confirm
that the repair is adequate and that stenosis is rested (Fig. 50-3). 

Case Continued

This patient does well and is discharged on postoperative day 2.
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Recommendation

This patient needs management of atherosclerotic risk factors, including em-
phasis on smoking cessation. Programs utilizing a combination of medical
therapy such as Wellbutrin with counseling are most effective and therefore are
recommended. Consideration is given to starting the patient on an HMG co-re-
ductase inhibitor (statin), as statins have been shown to significantly increase
graft patency and limb salvage independent of factors such as graft type, opera-
tive indication, and patient demographics. The graft scanning protocol is re-
sumed as if a new graft was placed, because repaired areas are prone to resteno-
sis.
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Presentation

A 42-year-old man arrives in the emergency department complaining of a one-
week history of a cool, painful left foot. He had previously undergone an aorto-
bifemoral bypass graft at an outside institution. He is now one year out from a
left femoral to posterior tibial artery bypass graft with greater saphenous vein,
which you performed for rest pain after his prosthetic femoral above-knee
popliteal artery bypass graft had occluded. On examination, the femoral pulses
are palpable bilaterally. The left foot is cool and slightly mottled with a
monophasic Doppler signal over the posterior tibial artery. The bypass graft is
nonpalpable. His motorsensory examination is normal, except for slight numb-
ness over the plantar arch.

Differential Diagnosis

The differential diagnosis for acute lower extremity ischemia typically includes
arterial thrombosis secondary to underlying atherosclerotic arterial occlusive
disease, atheromatous embolization from a more proximal unstable plaque, or
thromboembolism from an aortic aneurysm or cardiac source. Early deep vein
thrombosis can present in a similar manner; however, the leg will typically be
swollen. Other less common causes of acute limb ischemia, such as thrombosed
popliteal artery aneurysm, popliteal entrapment, and severe vasospasm, must
also be kept in mind. In this patient with a previous history of peripheral bypass
surgery, graft thrombosis must be considered the primary diagnosis.

Recommendation

After systemic heparinization, the initial diagnostic test in this patient is an aor-
togram with left lower extremity arteriogram. Acute limb ischemia is stratified
into four categories based on severity and limb threat: Class I—limb viable;
Class IIa—limb marginally threatened; Class IIb—limb immediately threatened;
and Class III—irreversible limb changes. Patients with Class I or IIa ischemia
often have time for angiography and possible thrombolytic therapy, whereas pa-
tients with Class IIb and early III typically require immediate revascularization.
This patient has Class IIa ischemia, and would be best served by arteriography
with possible thrombolysis of the suspected graft thrombosis.

Arteriography Report

Aortogram with left lower extremity runoff reveals a patent aortobifemoral by-
pass graft with occlusion of the superficial femoral, popliteal, and anterior tibial
arteries. The stump of the bypass graft at the proximal anastomosis is visualized;
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however, the remainder of the graft is occluded. The posterior tibial artery is re-
constituted in the proximal third of the calf.

Discussion
Catheter-directed thrombolysis for Class I or IIa limb ischemia has several poten-
tial advantages, including more gentle clot lysis, the ability to clean out the in-
volved segment as well as the distal vessels, and potentially revealing the underly-
ing stenotic lesion. The decision to proceed with angiography and possible
thrombolysis is dictated by the severity of the ischemia and perceived limb threat. 

� Approach

A Teflon-coated wire is used to select the stump of the proximal anastomosis,
and is able to be manipulated into the mid-portion of the occluded bypass graft.
An infusion catheter is advanced over the wire, followed by a 250,000-U uroki-
nase pulse spray into the graft. A continuous infusion of urokinase is begun at
250,000 U/h for 6 hours, followed by 125,000 U/h overnight. A repeat arteri-
ogram the following morning reveals reperfusion in the proximal half of the
graft. The infusion continues for an additional 24 hours, with notable improve-
ment in the distal Doppler signals. A repeat arteriogram is ordered.

� Arteriogram
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Figure 51-1

Arteriogram Report

The bypass is able to be visualized after thrombolysis, and reveals an area of nar-
rowing and subtotal occlusion just below the knee.

� Approach

This area of narrowing will need to be addressed and revised in order to preserve
long-term patency of the bypass graft. Though the graft is now palpable and dis-
tal Doppler signals improved, a Duplex graft scan is necessary to uncover ele-
vated velocities in the region of the graft below the knee, which appears abnor-
mal on arteriography. The scan reveals proximal and mid-portion graft velocities
of 50 to 70 cm/s with elevation to 300 cm/s below the knee for a segment ap-
proximately 4 cm in length. Velocity at the distal anastomosis is 42 cm/s.



Diagnosis and Recommendation

Successful lysis of occluded femoral to posterior tibial artery bypass with under-
lying graft stenosis uncovered in the distal third of the bypass graft. The patient
is offered graft revision using a short segment of distal greater saphenous vein
from the ipsilateral extremity. It is explained to the patient that long-term graft
patency is diminished, given the need for thrombolytics and graft revision, and
that possible complications include graft failure as well as possible need for am-
putation, in addition to bleeding and infection.

Discussion
If thrombolytic therapy is successful, correction of the underlying graft lesion or
distal runoff will be necessary. Intimal hyperplasia at valve sites and anasto-
moses are often the main culprits, and may be amenable to balloon angioplasty
if focal. Long areas of stenosis are best treated with open patch angioplasty or an
interposition graft. Construction of a new distal anastomosis will often require a
jump graft with vein to a more distal tibial vessel in a nonoperated site.

� Surgical Approach

The bypass graft is dissected free from surrounding soft tissue and scar via the
previous medial incision. A segment of distal greater saphenous vein is har-
vested and is of excellent caliber. After systemic heparinization, proximal and
distal control of the vein graft is achieved, followed by excision of the atretic
segment of graft. End-to-end spatulated anastomoses are performed to interpose
the harvested piece of greater saphenous vein. There is an excellent pulse in the
vein graft with a palpable posterior tibial pulse at the ankle. Intraoperative Du-
plex interrogation of the bypass graft shows complete resolution of the elevated
velocities.

Discussion

Mature bypass grafts that have previously thrombosed are considered disadvan-
taged in terms of patency. Graft surveillance with Duplex imaging should be
employed on a regular basis to prevent this problem. Chronic warfarin anticoag-
ulation may have a role in improving patency in these situations. Graft replace-
ment versus salvage remains a controversial issue, particularly when autogenous
conduit is limited.
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Presentation

A 63-year-old woman presents for coronary angiography after an abnormal
stress test. She undergoes an uncomplicated angioplasty of her right coronary
artery. The following morning, she complains of pain at the right groin site. On
examination, she has swelling at the access site and a loud continuous murmur.

� Ultrasound Scan
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Figure 52-1

Ultrasound Scan Report

Duplex ultrasound scan demonstrates an arteriovenous fistula between the
femoral artery and vein with continuous flow noted across the communication.

Differential Diagnosis

Potential groin complications after cardiac catheterization include pseudo-
aneurysms, arteriovenous fistulae, hematomas, and arterial thrombosis. Arteri-
ovenous fistulae are abnormal communication between arteries and veins, and
need to be differentiated from pseudoaneurysms and simple hematomas. Ultra-
sound criteria for diagnosis of arteriovenous fistula include (1) colored speckled
mass at the level of the groin swelling with turbulent continuous flow in the ar-
teriovenous communication; (2) increased venous flow or arterialization of
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waveforms proximal to the fistula; and (3) decreased arterial flow distal to the
suspected fistula compared to the contralateral side. Pseudoaneurysms typically
appear as a perivascular mass with a distinct neck, and color Doppler imaging
reveals a classic swirling motion of color inside the mass.

Discussion
Arteriovenous fistulae may occur after penetrating vascular trauma, or may be
iatrogenic after vascular access procedures, as in this case. If groin arterial punc-
ture is performed too low, the superficial femoral artery, rather than the com-
mon femoral artery, may be punctured. The superficial femoral artery and vein
lie directly on top of one another, and a fistula may therefore result. Pain, a
bruit, or a thrill may be present over the fistula, and the area may be warm be-
cause of increased blood flow. Rarely, high-output cardiac failure can result, par-
ticularly with large arteriovenous fistulae. Duplex ultrasound is the diagnostic
method of choice. 

Diagnosis and Recommendation

The patient has an iatrogenic arteriovenous fistula, and is referred for ultra-
sound-guided compression repair. The common femoral artery, superficial
femoral artery, deep femoral artery, and accompanying veins are identified. A
careful search is then performed to identify the communication site of the arte-
riovenous fistula. Under direct ultrasound monitoring, the tract of the arteriove-
nous fistula originating from the right superficial femoral artery is manually
compressed with the transducer, which interrupts flow into the lesion without
compromising flow through the underlying or adjacent normal vasculature.
Ideally, only the tract of the arteriovenous fistula should be compressed to pre-
vent interruption of flow in the native artery. Palpation of the dorsalis pedis or
posterior tibial pulse is also performed to ensure patency and adequacy of flow
through the native vessels. 

Discussion
Ultrasound-guided compression repair (UGCR) is the preferred approach to di-
agnosis and repair in most patients with vascular injuries after cardiac catheteri-
zation. The procedure is safe and technically straightforward if performed by an
appropriately trained individual, and is associated with minimal patient dis-
comfort. The likelihood of success is highest in patients who are not on antico-
agulants at the time of the compression. Even in those patients who are given
anticoagulants, an attempt at treatment is warranted because success can still be
accomplished in 30% of patients. The success rate is approximately 80% in
those not receiving anticoagulants. The key to success of UGCR is the identifica-
tion of the abnormal communication (tract) between the artery and the vein.
The safety of the procedure is contingent on selective obliteration of flow
through this tract while maintaining flow through the native vessels. However,
patients who are admitted with vascular compromise, rapid expansion of a
hematoma causing threatened tissue necrosis, imminent rupture, or other emer-
gency complications should be treated emergently with surgery. Compression is
typically maintained for 10 to 15 minutes (or 30 minutes in patients who had
received anticoagulants), at which time pressure is slowly released, and flow
through the tract is reassessed. Compressions are repeated for these same time
increments, if necessary, until the tract is successfully obliterated. Patients 
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successfully treated with UGCR should be on bed rest overnight and allowed to
ambulate the next day. All patients with successful UGCR should have a follow-
up diagnostic color Doppler ultrasound scan 48 to 72 hours after the initial
compression procedure. Subsequently, patients with successful UGCR should
have a follow-up examination by their cardiologist in 4 to 6 weeks.

Case Continued

Unfortunately, successful obliteration of the arteriovenous fistula could not be
achieved in this patient, and she is referred for angiography. (It should be noted
that angiography is not essential prior to consideration for surgical repair.) 

Angiography Report

Angiography reveals a large arteriovenous fistula originating from the right su-
perficial femoral artery (Fig. 52-2A).

� Endovascular Approach

In individuals who have failed UCGR, endovascular therapy may be an option
in selected cases. The technique involves insertion of a 5-French sheath and ad-
vancing a 5-French multipurpose catheter (MPA2) from the contralateral com-
mon femoral artery. Angiography is performed in multiple oblique projections
to localize the origin of the communicating arteriovenous fistula tract. If a cov-
ered self-expanding stent is planned for implantation, the diagnostic catheter 
is exchanged for an 8-French Balkin sheath, which is advanced over a 0.35
guidewire. After advancing the stent to the level of the lesion, it is deployed by
withdrawing the sheath. Post dilatation of the stent is performed by an appro-
priate-sized peripheral balloon. Covered Jostents (Jomed Inc., Rancho Cordova,
CA) are now available and may be preferable, particularly for arteriovenous fis-
tula with tracts with a narrow base. After the procedure, all patients are imaged
by duplex sonography before discharge and at regular intervals, at 1, 3, and 6
months. 
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Angiography Report

The communicating tract originating from the superficial femoral artery is oc-
cluded with a covered stent as shown in Figure 52-2B (12-mm-long Jostent,
mounted on a 6.0-mm peripheral balloon). 

Discussion
Implantation of covered stents is a feasible and safe option to exclude arteriove-
nous fistulas in select patients. In patients with lesions at the bifurcation of the
common femoral artery, covered stents cannot be used, because this would lead
to occlusion of the deep femoral artery. Also, in lesions situated at the level of
the common femoral artery, covered stents should not be used because this may
preclude the vessel as an entry site for later invasive procedures. When these le-
sions can be reached selectively with a 3-4-French Tracker catheter, emboliza-
tion techniques may be the best solution. Typically, embolization coils can be
used to occlude all arteriovenous fistulas if a distinct communication tract can
be identified. Overall, percutaneous treatment of arteriovenous fistulae appears
to be a safe and effective approach with excellent long-term results, and may be
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Figure 52-2 (Reproduced with permission from Waigand J, Uhlich F, Gross CM,
Thalhammer C, Dietz R. Percutaneous treatment of pseudoaneurysms and arteri-
ovenous fistulas after invasive vascular procedures. Catheter Cardiovasc Interv.
1999;47:157-164.) (FA-common femoral artery; FV-common femoral vein.)

� Angiography of the Arterial-Venous Fistula 



an alternative to surgical repair in patients with unsuccessful ultrasound-guided
compression repair. In lesions originating from the femoral bifurcation with a
broad base, endovascular therapy is not an option.

� Surgical Approach

Surgical repair of vascular complications after cardiac catheterization is depen-
dent on the type of vascular complication and the general condition of the pa-
tient. Certain technical aspects in the management of vascular complications
after catheter injuries deserve consideration. Hemorrhage and hematoma for-
mation can frequently distort normal anatomic relationships in these patients.
The risk of additional injury to neurovascular structures can result from
overzealous dissection in these circumstances. Similarly, extensive subcutaneous
dissection will increase the incidence of local wound complications and should
be avoided. Limited vascular control with the use of intraluminal devices, such
as balloon catheters, is sometimes preferred. However, in the setting of arteri-
ovenous fistula, the dissection should provide adequate proximal and distal
control, as well as for a careful and complete arterial reconstruction. 

Prophylactic perioperative antibiotics may reduce the incidence of wound
infections/complications. This is particularly important when catheters or
sheaths were left in place for long periods of time, or in patients experiencing
tissue injury/necrosis because of massive bleeding into surrounding structures.
Infection and other wound complications may be reduced further by making an
incision through large puncture holes in the skin so that the skin edges can be
excised sharply, or by making an incision remote from these large puncture sites
to minimize wound contamination from them. Anesthetic technique is an im-
portant issue in the management of patients with vascular complications. Local
anesthetics, supplemented by short-acting tranquilizers, are usually sufficient
for treating acute arterial occlusions. However, local anesthesia may be less satis-
factory for the management of large hematomas, pseudoaneurysms, or arteri-
ovenous fistulae where vascular control might necessitate greater dissection. Re-
gardless of the type of injury, local anesthesia incurs the least amount of risk to
the patient, but on occasion the operative management of patients will require
a general anesthetic. Successful repair typically requires that all 4 limbs of the
fistula be controlled. Once control is obtained, the fistula itself should be ex-
posed and directly divided and sutured. The connection itself may be quite
small, and can often be repaired with several sutures. Larger defects may require
a patch angioplasty or interposition graft. The long-term prognosis after direct
repair is excellent.

Discussion
Three different therapeutic strategies are currently available for the manage-
ment of groin arteriovenous fistulae after cardiac catheterization. These include
ultrasound-guided compression repair, endovascular approach using covered
stents or embolization coils, and surgical repair. Ultrasound-guided compression
repair should be considered as first-line therapy in most patients, and has a very
high degree of success in patients not on anticoagulation. Endovascular repair
may be considered in selected cases, and preliminary studies report excellent
technical success with good long-term results. Surgical repair should be consid-
ered in patients with evidence of tissue ischemia, rapidly expanding hematoma
with threatened skin necrosis, imminent rupture, and for arteriovenous fistula
arising from the common femoral artery bifurcation with a broad base.
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Presentation

A 57-year-old man who had an acute myocardial infarction 6 weeks ago, and
was treated with a percutaneous intervention, presents to the emergency depart-
ment with right lower extremity pain and numbness for 5 hours. The patient
also feels lightheaded and nauseated, but is without chest pain. The patient
notes having difficulty moving his right leg. No history of trauma is elicited.
Past medical history includes tobacco use and hypertension, but no diabetes or
hyperlipidemia. His discharge medications included an aspirin, a beta-blocker,
an angiotensin-converting enzyme (ACE) inhibitor, and a diuretic. 

On examination, his pulse is 140 beats per minute and irregular, and his
blood pressure is 100/60 mm Hg. His abdomen is soft and he has palpable
femoral and pedal pulses in his left leg, but no femoral or pedal pulses in his
right leg. The right leg is cool and mottled, with decreased sensation and de-
creased motor function. Laboratory evaluation reveals creatinine, hematocrit,
and leukocyte count and coagulation parameters within normal limits.

Diagnostic Considerations

This patient has potential life- and limb-threatening problems with evidence of
a new cardiac event (dysrhythmia), as well as acute limb ischemia (ALI). It is
common for patients with ALI to have multiple acute medical problems that
must be treated appropriately, and saving life before limb is the overriding prior-
ity. First and foremost is evaluation and stabilization of his cardiac issues. An
electrocardiogram suggests atrial fibrillation, but no ST segment elevation or de-
pression. The patient also denies any chest pain and a rapid troponin I level is
within normal limits. Thus, it is unlikely he has suffered a recurrent major my-
ocardial infarction. 

The patient should be started on full-dose intravenous heparin (100 to 150
U/kg bolus and 1000 U/hr), both to decrease the risk of cardiac emboli from
atrial fibrillation (which may also be the etiology of his lower extremity is-
chemia) and to treat potential cardiac ischemia. An aspirin is given orally, as
well. The patient’s heart rate is controlled with an IV calcium channel blocker,
and he converts to a sinus rhythm. The cardiac issues now seem to be stabilized.

The most likely etiology of ALI in this case is a cardiac embolism, and is the
most common site of origin in general. Diagnostic tests, such as duplex and/or
arteriography, may be considered, but minimizing delay in treatment for ALI is
essential, because he has evidence of Society for Vascular Surgery (SVS) grade IIB
limb ischemia. The patient needs revascularization within 1 to 2 hours (total is-
chemic time ≤6 hours), or he may suffer permanent muscle and nerve damage,
rendering a nonsalvageable limb. Arteriography with thrombolysis is an option,
but given the patient’s classic history for an arterial thromboembolism (an an-
tecedent cardiac event and normal vascular examination on his contralateral
asymptomatic leg), this step may delay reperfusion that could be achieved more
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readily with surgery. The physical examination is very helpful to localize the site
of occlusion in the setting of ALI. Lack of a femoral pulse on the affected, but
not contralateral, limb suggests that he would be a good candidate for open
thromboembolectomy at the level of the common or femoral artery via an in-
guinal exposure (Figure 53-1). 
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Figure 53-1 Diagnostic and treatment algorithm for acute limb ischemia. 

Therapy

The patient is taken to the operating room. His abdomen and both lower ex-
tremities are prepped and draped to allow an alternative arterial inflow vessel
(eg, axillary artery, contralateral femoral) if the ipsilateral iliac artery cannot be
successfully embolectomized. An open thromboembolectomy under local anes-
thesia with intravenous (IV) sedation is performed, given his recent myocardial
infarction. The technique of catheter embolectomy is well established, and a siz-
able thrombus is extracted from the iliac artery (Figure 53-2).

Further Treatment and Discussion

It is important to continue the heparin throughout the case. In this patient, no
significant thrombus is present below the femoral artery. Better equipment in
well-outfitted operating rooms includes over-the-wire embolectomy catheters,
suction embolectomy catheters, and high-resolution C-arm fluoroscopy that



allows endovascular and open techniques concurrently. This scenario will likely
be the standard of care in the next 5 years.

When the etiology of ALI is not as clear by history and physical, arteriography
with thrombolysis is the best option. Indeed, major trials comparing throm-
bolytic therapy with surgery for ALI included mostly patients with prior failed by-
passes or thrombosis in situ with up to 14 days of symptoms, and not SVS grade
IIB ischemic patients. Thrombolytic therapy may also be less cost effective than
open embolectomy because of repeated arteriography and the need for intensive
care unit monitoring. Proper case selection is essential, because failed lysis confers
a significantly increased risk of limb loss and death. Because this patient has criti-
cal late ischemia, surgical embolectomy is the means to most rapidly restore limb
blood flow, as compared with thrombolysis, which may take several hours before
restoring adequate blood flow. Thrombolytic agents may also cause a systemic fib-
rinolytic state, and may release thrombus from the atrium or ventricle, causing a
stroke or other complications. Thus, an echocardiogram should be obtained prior
to beginning thrombolysis if the suspected source of the embolus is intracardiac.
Adjunctive pharmacologic agents, such as direct Ib/IIIa platelet inhibitors, also
seem to hasten thrombolysis without significantly increasing bleeding risk.

A four-compartment fasciotomy should be considered at this late stage, but
there is no good evidence that fasciotomies improve limb salvage. Indeed, fas-
ciotomies have been associated with an increased risk of limb loss, but probably
represent a surrogate marker for severe late limb ischemia. Thus, it is still the au-
thor’s practice to perform fasciotomies in the setting of ALI with neurologic
findings.

Follow-up

Postoperatively, the patient should be maintained on heparin and then system-
atically receive coumadin for at least 3 months. Since he converted to sinus
rhythm and the thromboembolism was very likely associated with a cardiac
source, no need for longer-term anticoagulation is necessary beyond antiplatelet
therapy unless at higher long-term risk. Routine follow-up with history and
physical examination is needed, but no specific imaging protocol is required for
the affected and contralateral limb. Standard risk factor modification therapies
should be pursued. The most common cause of death in patients with ALI is
medical comorbidities, reflecting their generalized ill condition. 
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Figure 53-2 Iliac artery thrombus after removal.
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Presentation

A 65-year-old man who is a chronic smoker with insulin-dependent diabetes
mellitus, hypertension, and hyperlipidemia presents to the emergency depart-
ment with an ulcer in his left forefoot for 3 weeks. He denies any history of
trauma and has minimal pain associated with the ulcer. On examination, he is
febrile to 101.5ºF; heart rate is 100 beats per minute; and blood pressure is
150/90 mm Hg. His left foot is erythematous and there is an ulcer on the plantar
aspect of the forefoot (Figure 54-1). The ulcer penetrates down to the metatarsal
head, and there is purulent drainage and adjacent soft tissue swelling. The dor-
salis pedis (DP) and posterior tibial (PT) pulses are nonpalpable and have a
monophasic signal on Doppler interrogation. His leukocyte count is elevated to
15,000/mm3. Radiograph of his forefoot does not reveal any gas in the soft tis-
sues or osteomyelitis.

Differential Diagnosis

Patients with diabetes mellitus may develop foot ulceration due to peripheral
neuropathy, arterial insufficiency, or other causes. With peripheral neuropathy,
loss of sensation and proprioception in the feet result in the development of
pressure ulcers over weight-bearing points. Typically, these are on the plantar
surface over the metatarsal heads, because the metatarsophalangeal joints are
usually hyperextended and subluxated as a result of intrinsic muscular imbal-
ance. As ulcers develop within callosities, they often have a hypertrophic rim
and penetrate down to bone (malperforans ulcers). There is usually minimal
pain associated with the ulcers.
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Arterial insufficiency related to diabetes mellitus, together with hyperten-
sion, hyperlipidemia, and smoking are major risk factors for atherosclerotic oc-
clusive disease. Critical blockage of the tibial and pedal vessels may result in ul-
ceration and gangrene. The ulcers are typically located in the most distal aspect
of the extremity (ie, digits) and have a chronic “punched out” appearance.
Other stigmata of arterial insufficiency are usually present, such as loss of hair,
skin atrophy, dependent rubor, and absent or weak pulses. Pain may not be a
significant feature if neuropathy is severe. Other causes of ulceration include
trauma, infection (eg, chronic osteomyelitis), and venous stasis ulcers. 

Diagnosis and Recommendation

In this patient, the etiology of his ulcer is primarily due to peripheral neuropa-
thy. However, arterial insufficiency, as evidenced by monophasic signals in the
dorsalis pedis (DP) and posterior tibial (PT) arteries, may contribute to poor
wound healing and has a direct influence on the outcome of treatment of the
ulcer. Furthermore, the ulcer has become secondarily infected, resulting in a
limb- and life-threatening situation.

Discussion
The principles of treatment of infected diabetic foot ulcers are: (1) infection
control using broad-spectrum antibiotics and operative debridement/drainage;
(2) arterial reconstruction if necessary, using angioplasty/stent or infrainguinal
bypass; and (3) wound management consisting of local wound care, topical
growth factors (eg, Regranex), vacuum sponge, skin-grafting, and secondary
closure.

Diabetic foot infection can spread rapidly through avascular planes, such as
the tendon sheaths in the deep spaces of the foot, resulting in systemic sepsis,
limb loss, and death. Intravenous antibiotics should be started immediately af-
ter cultures are taken from blood and deep soft tissues. Because the organisms
are usually polymicrobial, initial antibiotic coverage is broad-spectrum (eg, clin-
damycin and levofloxacin). This can be narrowed down as soon as culture and
sensitivity results are available.

� Surgical Approach

Early operative debridement and drainage is performed. All necrotic soft tissue
and exposed bone (which, by definition, is infected) are excised, and adequate
drainage of deep infected spaces is ensured. Mechanical pulsatile lavage may
further reduce the bacterial load in the remaining soft tissue bed. The amount of
bleeding in the wound is indicative of the degree of any underlying arterial in-
sufficiency. Try to preserve as much healthy skin and soft tissue as possible, to
facilitate wound closure at a later stage when the infection is under control. The
wound is left open, packed daily with normal saline wet-to-dry dressings, and
the patient maintained on bed rest with elevation of the leg.

Recommendation

Noninvasive arterial studies are performed to determine the severity of the arte-
rial insufficiency and predict the ability of the wound to heal without vascular
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reconstruction. These studies include segmental pressures, ankle/brachial index
(ABI), and pulse-volume recordings (PVR). Because patients with diabetes tend
to have calcified vessels, which are noncompressible, the segmental pressures
and ABI may be artificially elevated. In these cases, the transmetatarsal PVR or
transcutaneous oxygen tension (PaO2) are useful predictors of healing potential. 

� Segmental Pressures and PVR
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Segmental Pressures and PVR Report

The noninvasive arterial studies in this patient show noncompressible distal
vessels and artificially elevated ankle pressures. However, the PVR waveforms at
the transmetatarsal level are flat. 

Recommendation

Given the large size of the wound, revascularization of the lower extremity to
facilitate wound healing is indicated. Definition of the arterial anatomy of the
lower extremity, using digital subtraction contrast angiography, is performed for
operative planning.

� Contrast Angiogram of Left Leg
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Figure 54-3

Contrast Angiogram Report 

Angiogram shows patent popliteal artery to below the knee (Fig. 54-3A) with se-
vere tibial occlusive disease with reconstitution of the dorsalis pedis artery in
the foot (Fig. 54-3B).

� Surgical Approach

Based on the angiogram, the patient requires a below-knee popliteal to DP
artery bypass using ipsilateral greater saphenous vein (GSV). A medial longitudi-
nal incision is made below the knee and the popliteal artery is dissected out.
The DP artery is dissected out via a short longitudinal incision on the dorsum of
the foot. Using a series of skipped incisions, the GSV is harvested from the groin
downward. It is placed in a nonreversed orientation by lysing the valves using
the modified Mill’s valvulotome. Control of the DP artery is best obtained using
a sterile tourniquet. The graft is tunneled subcutaneously. A completion an-
giogram and duplex scan of the graft are performed to assess the technical ade-
quacy of the bypass procedure. 

Control of the infection in the foot is verified (via confirmation of normal
temperature, leukocyte count, and absence of necrosis in the wound) before sec-
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ondary closure of the wound is considered. It is determined that further de-
bridement of the wound or placement of a vacuum sponge is required to facili-
tate granulation and wound contraction. With improved blood supply and con-
trol of the infection, most wounds will eventually heal. 

Case Continued

The patient is educated on foot care. Special orthotics and footwear are issued to
prevent a recurrence of his neuropathic ulceration.

Suggested Readings

Case 54 273

Akbari CM, Macsata R, Smith BM, Sidawy AN.
Overview of the diabetic foot. Semin Vasc
Surg. 2003;16:3-11.

Gibbons GW. Lower extremity bypass in pa-
tients with diabetic foot ulcers. Surg Clin
North Am. 2003;83:659-669. 

Jeffcoate WJ, Harding KG. Diabetic foot ulcers.
Lancet. 2003;361:1545-1551.

Seabrook GR, Towne JB. Management of foot le-
sions in the diabetic patient. In: Rutherford
RB, ed. Vascular Surgery. Vol 1. 5th ed.
Philadelphia: WB Saunders; 2000:1093-1101. 

Watkins PJ. The diabetic foot. BMJ. 2003;326:
977-979.



Presentation

A 59-year-old woman with a history of a patent foramen ovale fell and dislo-
cated her patella. She saw an orthopaedic surgeon, who recommended bed rest
and nonweightbearing. One month later, she presented to an outside institu-
tion with right-sided facial droop, right-sided hemiplegia, aphasia, and hypox-
emia. A computed tomography (CT) scan of the head was unremarkable, and a
spiral chest CT scan revealed bilateral pulmonary emboli (PE). At this point, the
patient is transferred to your hospital.

On admission, the patient is afebrile with no respiratory distress. Vital signs
reveal a regular pulse of 87 beats per minute; pulse oximetry is 91% on 4 liters of
oxygen and 100% on 100% oxygen by facemask. On physical examination, a
systolic ejection murmur is appreciated, along with ecchymosis of the left
patella extending down to the shin without erythema or tenderness. Neurologic
examination is significant for right-sided hemianopsia, facial droop, aphasia,
and upper and lower extremity weakness.

Differential Diagnosis

Paradoxical embolism causing stroke; simultaneous deep venous thrombosis
(DVT)/PE and cerebrovascular accident from an ischemic etiology. An arterial
source for cerebral emboli must also be considered. 

Diagnostic Tests and Results

Lower extremity duplex scan reveals evidence of an acute DVT of the left leg in-
volving the left posterior tibial, peroneal, and anterior tibial veins. Due to her
DVT and patent foramen ovale, it is felt that she likely has developed a paradox-
ical embolus. Thus, a Greenfield filter is placed. The day after admission, a non-
contrast head CT demonstrates mass effect consistent with a left cerebral non-
hemorrhagic infarct. Three days after admission, the patient complains of
increased right-sided weakness. She undergoes carotid duplex imaging. 
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� Carotid Duplex Scan
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Duplex Scan Report

A heterogeneous embolus (arrow) in the left common carotid artery creating a
60% to 80% diameter stenosis with instability is found (Fig. 55-1). The distal
end of the embolus is imaged. 

� Surgical Approach

The diagnosis of paradoxical embolus to the carotid artery is made. The patient is
taken to the operating room for embolectomy, because the embolus appears to
be unstable with the potential to cause further cerebrovascular injury. After sys-
temic heparin administration, the carotid artery is opened, revealing a large em-
bolus at the carotid bifurcation. This embolus is removed, but because adequate
retrograde flow is not obtained, a 3 Fogarty catheter is carefully passed, extract-
ing a tail of thrombus (6 cm long; Fig. 55-2). A number 12 shunt is rapidly
placed, and flow is documented using Doppler. The arteriotomy is closed with a
Dacron patch, and minimal atherosclerotic disease is found. A completion intra-
operative duplex scan reveals excellent flow throughout the carotid and no de-
bris. The patient is awakened on the table and taken to the recovery room, where
she remains stable. Her neurologic examination remains unchanged.

Case Continued

Six days following carotid embolectomy, the patient undergoes percutaneous
closure of her patent foramen ovale (PFO). The PFO is sized with a sizing bal-
loon, and an Amplatzer atrial septal occluder device is delivered using fluoro-
scopic guidance. 

After PFO closure, hemodynamic data indicates no significant shunt by
oximetry. The patient is placed on long-term anticoagulation with warfarin for
her lower extremity DVT. Six weeks later, a duplex scan of the left carotid artery
is performed. The scan reveals no abnormalities (Fig. 55-3). The patient is well at
discharge with a stable neurologic exam.

Figure 55-1 Echogenic embolus (arrow) just below left
carotid bulb. Reproduced with permission from Gada H,
Jafer M, Graziano K, Wakefield T. Carotid embolectomy
in the treatment of a paradoxical embolus. Ann Vasc
Surg. 2003;17:457-461.



Discussion
Paradoxical embolus (PDE) refers to embolism into the arterial circulation via a
shunt. A patent foramen ovale is the major predisposing factor for PDE and is
found in 9% to 35% of the population. PDE is infrequent (occurs in only 2% of
arterial emboli), although its true incidence may be underestimated. The Na-
tional Institute of Neurological Disorders and Stroke Data Bank has estimated
that approximately 40% of strokes are without identifiable cause and approxi-
mately one quarter of these strokes occur in patients with PFO. Thus, a PDE may
be involved more often in the pathophysiology of unexplained cerebrovascular
accidents than is generally appreciated. The diagnosis of PDE requires: (1) DVT
or PE, (2) abnormal communication between the systemic arterial and venous
circulations, (3) evidence for arterial embolism, and (4) a gradient favoring
right-to-left shunting. PDE should be suspected when large amounts of throm-
boembolic material are removed during embolectomy, especially if the material
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Figure 55-3 Post-procedure duplex scan reveals no ab-
normalities. (Reproduced with permission from Gada
H, Jafer M, Graziano K, Wakefield T. Carotid embolec-
tomy in the treatment of a paradoxical embolus. Ann
Vasc Surg. 2003;17(4):457-461.)

Figure 55-2 Operative specimen revealing embolus. Ar-
row demonstrates echogenic embolus and correlates to
the preoperative duplex image (see Fig. 55-1A). Double
arrow points to thrombus tail. (Reproduced with permis-
sion from Gada H, Jafer M, Graziano K, Wakefield T.
Carotid embolectomy in the treatment of a paradoxical
embolus. Ann Vasc Surg. 2003;17:457-461.)



is well formed and rubbery. On occasion, even indentations caused by venous
valves may be noted on the surface of the embolic material.

The patient presented in this case had the important features facilitating a
work-up of PDE to the carotid artery circulation. She had an embolizing DVT of
the lower extremity causing PE, the etiology of which likely extended back to her
patellar injury and the month of bed rest before the ischemic event. The patient
also had a PFO documented by transesophageal echocardiography (TEE), the gold
standard for PFO detection. Echocardiography (either transthoracic or trans-
esophageal) should be done routinely when patients demonstrate well-formed
chronic thrombus during embolectomy. TEE is performed when patients are found
to have both peripheral arterial embolism and a negative transthoracic echocardio-
gram. The right-to-left flow through the PFO was likely facilitated by pulmonary
hypertension secondary to the patient’s PEs. This progression likely led to the em-
bolus in her left common carotid artery and the ensuing cerebrovascular event.

The treatment of PDE involves immediate anticoagulation once an arterial
embolism has been diagnosed. For patients with increased risk of bleeding,
other strategies, such as the use of an IVC filter, should be considered. However,
the efficacy of such filters in the prevention of small embolic events affecting
the intracranial circulation remains controversial. Because most patients pre-
senting with PDE have a PFO, definitive treatment entails direct closure, either
by percutaneous transcatheter or surgical means. Success with percutaneous
transcatheter closure of a PFO, as an alternative to surgical closure and/or ex-
tended anticoagulation, as treatment of PDE has been reported. 

Thrombolytic therapy is largely undefined for PDE, but has been shown to
have utility in treating ischemic cerebrovascular infarcts. Surgical treatment of
carotid embolism caused by PDE is rare. Only three reported cases (including
the present case) of surgical management have been described (Table 55-1). 
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Table 55-1. Carotid Embolectomy as Treatment of Paradoxical Embolus

Author Age Sex Presentation Location of Type of Follow-up 
Obstruction Surgery Outcome Treatment

Turnbull et al 54 y.o. M Embolic stroke, Innominate Combined Good Long-term 
(1998) pulmonary  artery carotid anticoagulation 

embolism, bifurcation 
patent foramen and brachial 
ovale embolectomy

McKinney 67 y.o. M Embolic stroke, Right carotid Carotid Good Long-term 
et al. (2001) patent foramen bifurcation embolectomy anticoagulation

ovale, 
pulmonary 
hypertension

Gada et al. 59 y.o. F Embolic stroke, Left common Carotid Good Long-term 
(2003) pulmonary carotid artery embolectomy anticoagulation 

embolism, patent with 
foramen ovale percutaneous

transcatheter
closure of PFO

Modified from Gada H, Jafer M, Graziano K, Wakefield T. Carotid embolectomy in the treatment of a paradoxical embolus. Ann Vasc
Surg. 2003;17:457-461.



The major risk of carotid embolectomy is further ischemia caused by either
embolization or ischemic territory reperfusion. In this case, the benefits out-
weighed the risks of intraoperative and postoperative stroke extension, because
the patient still had movement in her right lower extremity, as well as improv-
ing aphasia. If she had evidence of a massive stroke or was unconscious, em-
bolectomy would not have been recommended. 
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Presentation

A 74-year-old woman presents with symptoms of right lower extremity rest pain
and multiple areas of ulceration that have persisted for the last 6 weeks. The
pain is a constant pressure ache in the right foot, and is particularly intolerable
at night in the recumbent position. Over the last 2 weeks, the areas of ulceration
have enlarged. Her comorbidities include type II diabetes mellitus for 15 years,
coronary artery disease for which she underwent a coronary artery bypass 
graft (CABG) in 1995, peripheral arterial disease (PAD), hyperlipidemia, and hy-
pertension. She had a right above-the-knee polytetrafluoroethylene (PTFE)
femoropopliteal bypass graft 10 years ago. Her medications include aspirin,
cilostazol, lisinopril (Prinivil), hydrochlorothiazide, and simvastatin. She has a
long-standing smoking (50-pack year) history. 

She is afebrile with normal blood pressures in both upper extremities. Exam-
ination of the lower extremities reveals mild pitting edema bilaterally, and
chronic trophic changes in both lower extremities with absence of hair. The
lower extremities on the right side appear pale below the level of the middle
third of the calf, with severe dependent rubor. The femoral pulse on the right
was not felt, but the left femoral pulse was 3+. The posterior tibial and dorsalis
pedis pulses are not felt bilaterally. Multiple small ulcerations are noted on the
plantar aspect of the right foot. Two bullae are noted in the dorsal aspect of the
foot (Fig. 56-1). 
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Figure 56-1 Right lower extremity on presentation.

David J Meier, MD, and Sanjay Rajagopalan, MD



Differential Diagnosis

The differential diagnosis of subacute lower extremity rest pain in conjunction
with ulcerations includes lower extremity ischemic syndromes (secondary to
progression of native arterial disease, thromboembolism or atheroembolism, oc-
clusion of bypass graft, or a combination of these factors), neuropathic etiolo-
gies, infection, and venous gangrene. The presence of pain rules out a predomi-
nantly neuropathic cause for the ischemic ulcerations. Venous gangrene usually
occurs in the setting of extensive lower extremity deep venous thrombosis
(DVT). Infection is always a possibility, and should be considered an etiology by
itself or in combination with other etiologies. Infections are often polymicrobial
(especially in patients with diabetes) and may be suspected with the onset of ru-
bor and tenderness in a wound. In this elderly patient with classic risk factors
for PAD, including known chronic exertional claudication, progression to criti-
cal leg ischemia (CLI) may be expected. Furthermore, this patient has several
risk factors strongly associated with CLI, including age, smoking, and diabetes.
There seems to be a significant interaction between smoking and diabetes in
CLI, such that patients with this combination are at highest risk.

Diagnostic Tests and Results

A complete noninvasive arterial evaluation of both lower extremities was ob-
tained. The patient’s TBIs were 0.2 in the right lower extremity and 0.4 in the
left. This patient’s segmental pressures and ankle/brachial index (ABI) were un-
reliable due to vessel incompressibility. Duplex evaluation revealed an occluded
femoropopliteal graft and no named vessels below the level of the knee on the
right side. The left lower extremity revealed a patent peroneal artery at the level
of the ankle. Laboratory evaluation revealed normal complete blood cell (CBC)
count and differential. 

Discussion
CLI is characterized by persistent rest pain with or without ongoing tissue loss.
The primary amputation rate for patients presenting with CLI is approximately
25%, with subsequent amputation rates of more than 25% at the end of 6
months. In patients with CLI considered unsuitable for reconstructive surgery,
up to 46% of limbs are lost at 1 year. Most amputations occur in patients older
than 70 years. Patients with diabetes are 10 times more likely to need an ampu-
tation than their nondiabetic counterparts, and do so at a younger age. Smoking
is a powerful risk factor for the progression to CLI, and interacts synergistically
with diabetes. The vast majority of patients with CLI have multilevel, multiseg-
ment disease involving both inflow and outflow vessels. More than 85% of pa-
tients presenting with CLI in contemporary series have viable treatment options
in the form of surgical or percutaneous revascularization options. The proce-
dure(s) chosen should strike a balance between maximizing durability and min-
imizing risk. It is not uncommon to choose a percutaneous approach alone in
view of the substantive risk that surgical bypass may pose. Extremely high-risk
patients, particularly if they are nonambulatory, may be best treated with pri-
mary amputation even in the presence of revascularizable options. To assess po-
tential revascularization options, an angiogram of the aorta, iliacs and both
lower extremities is obtained. 
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� Lower-Extremity Arteriogram
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Figure 56-2

Arteriogram Report

Minimal luminal irregularities are noted in the right common iliac, external il-
iac, and common femoral arteries. An occluded superficial femoral and
femoropopliteal graft are seen. The popliteal artery is reconstituted distally by
collaterals, and the anterior tibial artery is occluded proximally. The tibial per-
oneal  trunk was severely diseased, with the posterior tibial artery and peroneal
arteries occluded proximally (Fig. 56-2). The left lower extremity revealed patent
common iliac, external iliac, and common femoral arteries. The superior
femoral artery was occluded in the adductor canal and reconstituted below the
level of the knee. Single vessel runoff via a patent peroneal artery at the level of
the ankle was seen. A duplex evaluation of extremity veins revealed no available
conduits in the lower extremity and small-caliber upper extremity cephalic and
basilic veins (less than 3 mm in diameter).

Diagnosis 

This patient’s noninvasive and imaging studies indicate that she has chronic
critical limb ischemia (CLI). Given her rest pain with a nonhealing foot ulcer,
she has grade III, category 5 peripheral atherosclerotic occlusive disease (PAD). 

Approach to Management

The patient with CLI is challenging. A multidisciplinary approach involving a
team of individuals proficient in various aspects of vascular disease is most effec-
tive. 



Case Continued

Despite institution of antibiotics and wound care, the patient’s rest pain contin-
ued. Potential revascularization options were considered, including femoro-
popliteal bypass to the below-knee popliteal segment with a synthetic graft;
however, these options were felt to be high risk because of the lack of adequate
autogenous conduit and the need for a prosthetic bypass for below the knee in
the setting of poor distal tibial vessels. A below-knee amputation was recom-
mended. The patient agreed, and she had an unremarkable postoperative
course.

Medical Management in CLI

The main tenets of medical management in a patient with nonreconstructible
disease include control of infection, management of pain, and adherence to ap-
proaches proven to reduce cardiovascular morbidity and mortality, such as the
use of aspirin, statins, and angiotensin-converting enzyme (ACE) inhibitors.
Prostaglandin formulations have been tested extensively in CLI. In general, the
results have been modest at best, with temporary improvement in rest pain and
ulcer healing. Prostaglandin formulations are not available in the United States
for the treatment of CLI. Drugs such as cilostazol and pentoxifylline have no
proven benefit in CLI. A recent meta-analysis of spinal cord stimulation therapy
has demonstrated minor benefits that once again are only temporary, because
they do not modify the underlying disease state.

Emerging Treatment Options
Vasculogenesis and angiogenesis (referred to as angiogenesis in this chapter)
with cell- or growth-factor-based approaches hold considerable promise, be-
cause they could potentially address the primary abnormality in CLI: a lack of
tissue perfusion. The bone marrow appears to play an important role in the
process of angiogenesis, both through the contribution of endothelial precursor
cells (EPCs) and through bone marrow-derived hematopoietic precursors. These
cells are thought to play a role not only by providing the basic building blocks
for a nascent vasculature, but also through the provision of the requisite growth
factor and cytokine milieu essential for initiation, sustenance, and stabilization
of a vascular network. Contemporary approaches to induce arteriogenesis have
evolved, from delivery of single growth factor proteins, such as vascular en-
dothelial growth factor (VEGF) and fibroblast growth factor (FGF) isoforms, to
approaches that involve simultaneous delivery of multiple growth factors or the
use of gene transfer approaches (both plasmid based and adenoviral platforms)
to ensure high local expression of growth factors. However, proof that such ap-
proaches indeed result in meaningful improvements in lower extremity perfu-
sion that translates into therapeutic outcomes has been elusive. Emerging evi-
dence in animal models suggest that strategies targeting proximal pathways,
such as transcription factors, dual- or multi-gene delivery platforms that deliver
a cocktail of factors locally in a sustained and sequential pattern, may confer the
requisite set of signals needed to sustain and maintain a more robust vascular
network. 
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Presentation

A 50-year-old woman is referred to you with a history of bilateral varicose veins,
first noted 15 years ago after a 100-pound weight loss. She was treated once with
injection sclerotherapy, with moderate improvement. Three years ago, the left
leg developed a dramatic increase in edema from knee to foot. The edema is
painful. After prolonged standing, the ankle doubles in size and the skin be-
comes bluish in color, with many engorged small surface veins. The left calf
swells to the point where it stretches her slacks. The right leg continues to man-
ifest mild edema with minimal discomfort. Physical examination reveals nor-
mal arterial pulsations at the femoral, popliteal, and pedal locations. The right
leg has slight edema, but the left has significantly more edema, with cyanosis of
the entire leg, from the knee down to the foot. Small surface veins in the ankle
and foot are distended.

Differential Diagnosis

Diffuse bilateral lower extremity edema may be systemic (renal, cardiac, hepatic,
drug induced, endocrine), venous, or lymphatic. Unilateral edema may be sec-
ondary to compression of the left iliac vein by the iliac artery, but this edema
tends to occur from the proximal thigh distally. In this patient, the edema is
clearly from the knee to the foot. Compression of the popliteal vein by a syn-
ovial cyst (Baker’s cyst) must be considered. Intraoperative trauma, such as that
seen with caval ligation or direct venous injury, can also be ruled out in this pa-
tient. Similarly, with no history of surgery to the leg itself, injury to or ligation
of proximal lymphatics is not a factor. Without the above-mentioned factors,
Nicolaides has pointed out that “the most frequent diagnostic problem is to de-
cide whether the origin of the edema is venous or lymphatic.” Because of the as-
sociated cyanosis and distention of veins, lymphatic disease is unlikely. Thus,
venous disease becomes the most likely consideration. With a 3-year history of
edema, venous thrombosis seems less likely, and abnormal venous reflux must
be presumed as the primary lesion.

Diagnostic Tests and Results

The photoplethysmogram (PPG) is a study that gives general information about
the venous status of the limb. If the venous refill time is abnormally shortened,
it usually suggests significant venous reflux in the involved extremity. The diag-
nostic method of choice in this patient is a color duplex scan, using a low-pene-
tration (7.5-MHz) probe. This permits accurate assessment of the saphe-
nofemoral and saphenopopliteal junction, as well as specifically identifies other
incompetent perforating veins. 

John Pfeifer, MD



� Duplex Scan
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Duplex Scan Report

There is partial incompetence of the left saphenofemoral junction (Fig. 57-1A)
and total incompetence of the right saphenofemoral junction (Fig. 57-1B). The
left saphenopopliteal junction demonstrates complete incompetence, with dra-
matic enlargement of the short saphenous vein (SSV) (Fig. 57-2A). The right
saphenopopliteal junction is normal, with normal diameter seen in the short
saphenous vein (SSV) (Fig. 57-2B). 

Recommendations

Ligate and divide the left great saphenous vein at saphenofemoral junction
(supine position) and excise the distal varicose veins. Then, ligate and divide the
left lesser saphenous vein at the saphenopopliteal junction (prone position).
Lastly, ligate and divide the right great saphenous vein at the saphenofemoral
junction.

A B

A B

(left) (right)

(left) (right)



� Surgical Approach

The principal cause of damaging reflux in this patient is the completely incom-
petent lesser saphenous vein in the left lower extremity. This is surgically cor-
rected with the patient in the prone position. One day preoperatively, a repeat
ultrasound is necessary, because the point of entry of the lesser saphenous vein
to the popliteal vein is variable. The technologist identifies the exact level of the
union of the lesser saphenous vein with the popliteal vein, and marks the poste-
rior popliteal (or thigh) skin with an indelible marker. The operative incision
will be made at this site. On the day of surgery, with the patient in the prone po-
sition, a short 2- to 3-inch incision is made at the marked level. The junction of
the saphenous vein with the popliteal vein is identified, and the lesser saphe-
nous vein is ligated and divided, flush with the popliteal vein. The remaining
ligated distal lesser saphenous vein is left in place. Despite the enlargement of
the vein due to reflux, it will usually return to normal size within 6 to 12
months. 

The partially incompetent left saphenofemoral junction may be watched
and operated on at a later date if it proceeds to complete incompetence. In our
experience, these partially incompetent junctions almost always proceed to
complete incompetence. Therefore, we would recommend ligation and division
of the saphenofemoral junction in the supine position during the same opera-
tion as the left saphenopopliteal junction.

On a separate day, the incompetent right saphenofemoral junction should
be ligated and divided, with the patient in the supine position. The completely
incompetent right saphenofemoral junction should be treated by ligation and
division of the great saphenous vein at the saphenofemoral junction, with exci-
sion of any large distal varicose veins through small (one-quarter to one-half
inch) incisions. In most cases, we do not utilize the stripping operation; we pre-
fer to carry out the procedure described above. Also, a thorough search for sig-
nificant incompetent perforator veins in the ultrasound suite will reveal those
of significant size (larger than 3.5 to 4 mm), and these perforators are ligated at
the time of surgery. They frequently are found in deep to large surface varicose
veins. 

Discussion
The deep compartment of the leg is a high-pressure chamber due to the pump-
ing action of the calf muscle during walking and exercise. The superficial com-
partment of the leg acts as a low-pressure chamber. Browse et al. have pointed
out that if incompetent perforating veins (including the saphenofemoral and
saphenopopliteal junctions) render the superficial compartment “hyperten-
sive,” venous pathology will develop, including edema, varicose veins, indura-
tion, cellulitis, and ulceration. These studies demonstrate almost complete in-
competence of the left saphenofemoral junction and complete (grade IV)
incompetence of the left saphenopopliteal junction with gross dilatation of the
short saphenous vein. This dramatic degree of reflux from both junctions has re-
sulted in overload of the left superficial venous system below the knee and re-
sultant clinical findings. The case described is a classic example of a high-pres-
sure superficial compartment, with edema, cyanosis, distention of skin venules,
and varicose veins. The incompetent saphenopopliteal junction has resulted in
a dramatic increase in pressure in the lesser (short) saphenous vein, with subse-
quent enlargement of the vein. Because the enlarging lesser (short) saphenous
vein is confined by the overlying fascia, the symptoms are more severe. The in-
crease in flow through this large incompetent vein has created a leg with venous
hypertension with all of the described symptoms. Interruption of the high-pres-
sure channels will reduce the venous pressure to normal.
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Case Continued

The patient has an unremarkable postsurgical course. She goes home the same
day as the surgery, and begins to wear 30- to 40-mm Hg compression hose
within 2 weeks. 
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Presentation

A 47-year-old man with no significant past medical history presents to your of-
fice complaining of left leg pain and swelling with prolonged standing. Results
of the physical examination are normal, except for large, bulging varicose veins
(Fig. 58-1) and edema of the left lower extremity.
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Figure 58-1

Differential Diagnosis

Leg edema can be caused by a pathophysiological process limited to the leg or
by a systemic process. Systemic processes responsible for lower extremity
edema, which is generally bilateral, include organ failure (heart, liver, kidney);
certain medications; and paralysis and muscle atrophy resulting in prolonged
periods of extremity dependency. Lymphedema can cause unilateral or bilateral
leg swelling. 

Swelling may be the result of varicose veins alone or may be attributable to
deep venous pathology that can coexist with varicose veins. Thrombosis and
congenital anomalies can cause deep venous obstruction and deep venous in-
sufficiency; both of these latter conditions can be associated with unilateral or
bilateral edema, with or without varicose veins. The symptoms of deep venous
pathology are identical to those associated with varicose veins caused by super-
ficial venous insufficiency, but the treatment of these entities is different.

Jennifer S. Engle, MD, FACS, RVT



Discussion
The edema that results from organ failure, paralysis, muscle atrophy, prolonged
extremity dependency, or medications can generally be ruled out by a thorough
history and physical examination. 

Unlike the “pitting” edema associated with venous insufficiency, which be-
gins in the ankles and calves, the “non-pitting” edema of lymphedema begins
in the dorsum of the foot, usually involves the toes, and progresses proximally
with time. The skin of a lymphedematous limb is characterized by a peau d’or-
ange appearance and papillomas. The skin associated with superficial venous in-
sufficiency and varicose veins can show no changes at all, or can display lipo-
dermatosclerosis and stasis pigmentation changes in the gaiter region. Both
varicose veins and lymphedema can result in skin ulceration, but this occurs in
the setting of the characteristics described above for each condition.

Varicose veins can result from superficial venous insufficiency, or insuffi-
ciency that occurs as a result of deep venous thrombosis or congenital anom-
alies. The former condition results in primary varicose veins and the latter in
secondary varicose veins. The pathophysiology of varicose veins is multifaceted.
Failure of the calf muscle pump, failure of the valves within the superficial or
deep veins, and deep or superficial venous obstruction can all cause varicose
veins. The risk factors for primary varicose veins include a family history of vari-
cose veins, female gender, multiple pregnancies, increased height and weight,
and occupations that require standing. The symptoms include pain and
swelling with prolonged standing or sitting, which is relieved with leg elevation.
Patients may also complain of burning and itching over the varicosities, cramp-
ing of the calves at night, lower extremity eczema, and leg ulcers. Venous pho-
toplethysmography is a diagnostic test that measures the venous refill time after
foot flexion activates the calf muscle pump to promote venous emptying. A re-
fill time of less than 20 seconds indicates venous insufficiency. Deep venous in-
sufficiency is present when obliterating the superficial venous system with a
tourniquet and repeating the test still yields a reduced refill time. Superficial ve-
nous insufficiency alone is present when the refill time normalizes with the ap-
plication of a tourniquet. Venous duplex ultrasonography is capable of detect-
ing both deep and superficial venous thrombosis or insufficiency. It also uses
Doppler to measure the duration of valve closure (longer than 0.5 seconds is ab-
normal). 

Recommendation

Venous photoplethysmography and venous duplex ultrasound.
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� Venous Photoplethysmography
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Figure 58-2

Figure 58-3

Venous Photoplethysmography Report

Without tourniquet: right leg, 23 seconds; left leg, 6 seconds (Fig. 58-2).
With tourniquet: right leg, 30 seconds; left leg, 25 seconds.
Superficial venous insufficiency is noted in the left lower extremity. No evi-

dence of deep venous insufficiency is noted in either lower extremity. 

� Venous Duplex Ultrasound

Venous Duplex Ultrasound Report 

The left greater saphenous vein displays saphenofemoral reflux (duration longer
than 0.5 second). No significant reflux is noted in the right lower extremity. No
reflux or obstruction is noted in the deep venous system.



Diagnosis and Recommendation 

The venous duplex ultrasound shows the etiology of the patient’s varicose veins
to be saphenofemoral reflux in the left lower extremity. The first line of treat-
ment is leg elevation, exercise, protection of the skin barrier, and compression
therapy. Had the venous photoplethysmography and ultrasound showed signif-
icant deep venous insufficiency alone or in conjunction with superficial venous
insufficiency, the nonoperative management noted above would be the recom-
mended treatment. In this patient, who has superficial venous insufficiency
alone, surgical intervention is indicated if he remains symptomatic, develops a
complication, or has cosmetic concerns. 

� Surgical Approach

In the past, either vein stripping or simple varicose vein excisions were the only
procedures performed for this problem. With the advent of modern ultrasound
and the ability to identify accurately the source of reflux (saphenofemoral,
saphenopopliteal, or incompetent perforating veins), outpatient surgical proce-
dures can now be designed to address the specific areas of reflux and subse-
quently excise the varicose veins without removing normal superficial veins. 

In a patient such as this one with saphenofemoral reflux, high ligation of
the greater saphenous vein is indicated. This is done through an oblique inci-
sion placed slightly above the groin crease between the femoral arterial pulsa-
tion and adductor tendon. All five named proximal branches of the greater
saphenous should be ligated and divided. Lastly, the greater saphenous vein is
ligated and divided just distal to the saphenofemoral junction. Large calf vari-
cosities are subsequently removed through small incisions placed in Langer’s
lines to minimize the appearance of postoperative scarring. A bulky compres-
sion dressing is placed. The patient is discharged home after a brief period in re-
covery, and returns to the office in 72 hours for dressing and suture removal.

The patient is informed that for the first postoperative week, short intervals
of leg elevation are mandatory and high-impact exercise is to be avoided for 1
month. Compression stockings should be worn daily for 1 month and as fre-
quently as possible thereafter, which can reduce the incidence of recurrences.
Complications include bleeding; infection; recurrence of varicose veins; injury
to the deep vein, artery, nerves, and lymphatics; deep vein thrombosis; pul-
monary embolism; and the risks associated with anesthesia. 

Discussion
There are acceptable alternatives to the procedures described above. Saphe-
nofemoral reflux can also be treated with a high ligation of the greater saphe-
nous vein, stripping the thigh portion of the greater saphenous vein, and re-
moving the distal calf varicosities. Stripping of the calf portion of the greater
saphenous vein is discouraged because of the high incidence of concomitant
saphenous nerve injury. Two newer procedures are currently being investigated
to treat saphenofemoral reflux. Both employ percutaneous catheters introduced
into the greater saphenous at the level of the knee and guided to the saphe-
nofemoral junction via ultrasound. At this point, either radiofrequency or laser
energy is dispersed, resulting in contracture of the thigh portion of the greater
saphenous vein. Distal varicosities are then removed, as in the previously de-
tailed procedure. 

Lesser saphenous varicosities are treated in a similar manner, by ligating and
dividing all the proximal branches and then ligating and dividing the lesser
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saphenous vein at the level of fascial penetration, just distal to the
saphenopopliteal junction. Incompetent perforating veins should also be lig-
ated and divided at the fascial level. Preoperatively, the lesser saphenous vein
and incompetent perforating veins should be located using ultrasound, and
their location marked. 

Suggested Readings
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Presentation

A 53-year-old man presents to the emergency department with a 2-day history
of left lower leg swelling. He underwent an 8-hour transatlantic flight 4 days
earlier. He complains of significant swelling of the left calf and thigh, which are
warm to touch. He also describes severe lower leg pain, which worsens with am-
bulation. He has no significant past medical history and is not taking any med-
ication. He also denies any trauma to his lower extremity. Physical examination
reveals marked swelling of the right lower extremity involving the calf and the
thigh, which are tender to touch (Fig. 59-1). Although the calf is soft to touch, it
becomes painful with both passive and active dorsiflexion of the foot. The right
lower leg is unremarkable in its appearance and upon examination. 

293

case 59

Figure 59-1 Marked left lower swelling.
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� Venous Duplex Ultrasound
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Figure 59-2

Ultrasound Report

Large echolucent density in the left common femoral vein is noncompressible,
consistent with acute deep venous thrombosis (DVT). There is a complete ve-
nous occlusion with venous thrombus extending proximally to the external and
common iliac veins, as well as distally to the superficial femoral and popliteal
veins. Doppler signals show absence of normal phasic flow, consistent with ve-
nous occlusion. 

Differential Diagnosis

The diagnosis for the lower left leg swelling in this patient is DVT, as evidenced
by the physical examination and the duplex ultrasound scan. Common risk fac-
tors of DVT include age, obesity, hypercoagulable disorders, immobility, preg-
nancy, oral contraceptive medication, malignancy, ileofemoral venous compres-
sion due to abdominal mass, malignancy, May-Thurner syndrome, chronic
indwelling catheter in the femoral vein, and leg trauma. 

Discussion
The classic presentation  of a lower extremity DVT are calf swelling and tender-
ness, elevated temperature, and a positive Homans’ sign (calf pain on dorsiflex-
ion of the foot). The etiology of DVT in this patient is likely related to his im-
mobility during a prolonged flight. The marked swelling of his lower leg
suggests an extensive thrombosis of his left lower extremity venous system. In
an extreme scenario, phlegmasia cerulea dolens, as evidenced by the painful
blue appearance of the leg, can occur due to massive thrombosis involving the
iliac veins and extending into the most distal venules in the leg. Phlegmasia
cerulea dolens is a condition usually associated with an underlying intraabdom-
inal malignancy, such as pancreatic cancer. 

Clinical diagnosis of DVT is unreliable because only 50% of patients with
evidence of DVT on venography have any clinical sign. Moreover, the majority
of patients suffering fatal pulmonary embolism have no clinical features of ve-
nous thrombosis prior to sudden cardiovascular collapse.



Venous duplex ultrasound is the primary imaging technique used to detect
DVT. Spectral Doppler can detect the presence of thrombus by determining nor-
mal or abnormal flow in the vessels. Normal Doppler will be unidirectional and
spontaneous with the respiratory phase. Flow should cease with Valsalva maneu-
ver, and demonstrate augmentation by distal compression. The Doppler will ap-
pear abnormal when there is substantial occlusion of the vein. Flow augmentation
and Valsalva will be diminished or absent. The most reliable method for detecting
thrombus is compression. Compressions are done in gray scale in a transverse
plane. Thrombus can only be ruled out when vessel walls completely collapse. Par-
tial thrombosis may be present if the entire vein does not collapse.

Recommendation 

Because of the marked leg swelling and constant pain, treatment to remove the
DVT and restore the ileofemoral venous flow is indicated. Treatment options for
eliminating DVT include surgical thrombectomy, catheter-directed thromboly-
sis, and percutaneous mechanical thrombectomy. 

Discussion
Surgical thrombectomy: Surgical thrombectomy with distal arteriovenous fistula
creation for acute DVT is mainly of historical interest only because of its associ-
ated operative morbidity, primarily related to blood loss and rethrombosis.
However, surgical thrombectomy may still be used in the clinical setting of ve-
nous gangrene with impending limb loss. The best reported results are from a
1999 study by Juhan et al. in which they reported an improvement in long-term
results following surgical venous thrombectomy for acute iliofemoral DVT. In a
review of 77 patients, principally young trauma victims, valvular competency
was preserved at 5 years in 80%, while 90% of limbs had either mild symptoms
of chronic venous insufficiency or no symptoms at all. Additionally, Meissner et
al. reported results of venous thrombectomy with arteriovenous fistula in 30 pa-
tients. In all but 3 patients, patency of the iliofemoral segment was maintained
12 months after clot extraction. Most series, however, have demonstrated only
average results for this all but abandoned technique.

Catheter-directed thrombolysis: The delivery of a thrombolytic agent directly
into an existing venous thrombosis has overtaken systemic thrombolysis due in
part to more complete clot lysis combined with a lower rate of bleeding compli-
cations. By using one of many commercially available multiple side hole infu-
sion catheters for lytic agent delivery, high drug concentrations can be concen-
trated at the location of the thrombus. Catheter-directed thrombolysis has been
advocated because of its theoretical advantage of complete and rapid clot disso-
lution. Multiple studies have documented the efficacy of several lytic agents in
the treatment of acute DVT, with total infusion times needed for thrombus re-
moval ranging from hours to days. Meissner et al. evaluated an association be-
tween time to lysis and the development of venous reflux in patients using ser-
ial duplex scans following a DVT episode. With the exception of the posterior
tibial vein, early lysis and rapid venous recanalization appears to protect valve
integrity in the lower extremity. Although thrombolytic therapy for DVT has ex-
cellent outcomes with thrombus clearance, and thus, perhaps, may lower the
incidence of post-phlebitic syndrome by preserving valvular function, the com-
plication profile of the treatment secondary to the lytic agent and the infusion
times may be limitations for widespread use. 

Percutaneous mechanical thrombectomy (PMT): Relief of clot burden by directly
extracting thrombus surgically or via lytic dissolution should hypothetically
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decrease the risk of pulmonary embolus, and also that of post-phlebitic syn-
drome resulting in manifestations of chronic venous insufficiency. Primarily be-
cause of the bleeding risks of catheter-directed thrombolysis, PMT has emerged
as an advantageous option for the treatment of acute DVT. One PMT system
that has been shown to be effective in the removal of acute DVT is the AngioJet
(Possis Medical Inc., Minneapolis, MN) percutaneous mechanical thrombec-
tomy system. The principle of this device is based on the Venturi effect. The An-
gioJet system creates rapidly flowing saline jets that are directed backward from
the tip of the device to outflow channels in a coaxial fashion. This generates a
vacuum force, which draws the thrombus into the catheter. A major advantage
of this percutaneous treatment modality is that the thrombectomy catheter can
be delivered through a small-bore introducer sheath, which reduces access site
trauma and avoids operative exposure required with the conventional Fogarty
thromboembolectomy. A clinical study conducted by Kasirajan et al., which
evaluated the efficacy of the AngioJet system, has demonstrated that such a me-
chanical thrombectomy system is effective in thrombus removal, venous pa-
tency restoration and maintenance, and symptom relief. The AngioJet rheolytic
thrombectomy system is designed to produce an area of extremely low pressure
at the catheter tip by controlled high-velocity saline jets. Through this mecha-
nism, thrombus surrounding the catheter tip is macerated and rapidly evacu-
ated via an effluent lumen into a collection chamber. In this study, only four
(23.5%) patients achieved greater than 90% thrombus clearance with PMT
alone. Adjunctive thrombolytic agents were used in 9 of 17 patients, those who
had a lesser amount of clot extracted with the use of the PMT catheter. Often,
the thrombolytic catheter was left in place and the average duration of lytic
therapy was 20.2 hours. Clinical symptomatic improvement was seen in 82% of
patients over a follow-up time of 11 months. 

� Approach 

Treatment approach in this patient includes mechanical thrombectomy using
the AngioJet system via the left popliteal vein approach.

� Venogram
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Venogram Report

Venogram, performed via the left popliteal vein in the prone position, reveals a
complete thrombosis of the superficial femoral vein and extensive DVT in the
left ileofemoral venous system.

� Surgical Approach

The patient is placed in the prone position. The left popliteal fossa is prepped
and draped sterilely. Under ultrasound guidance, the left popliteal vein is percu-
taneously cannulated using a Micropuncture needle (Boston Scientific, Natick,
MA). A 6 French introducer sheath (Boston Scientific) is placed over a guide wire
into the popliteal vein. Following the placement of a guide wire through the ile-
ofemoral DVT, an AngioJet thrombectomy catheter is delivered over the guide
wire into the venous thrombus. Serial thrombectomy is performed by activating
the AngioJet system, which percutaneously removes the thrombus from the su-
perficial femoral vein and the ileofemoral venous system. 

� Completion Venogram

Case 59 297

Figure 59-4

Venogram Report

Completion venogram demonstrates complete resolution of the DVT in the en-
tire superficial femoral vein and ileofemoral venous system (Fig. 59-4). 

Recommendation

The patient is given systemic heparin bolus (100 U/kg), started in an IV heparin
drip, and oral coumadin anticoagulation is begun 3 days later. Repeat venous
duplex ultrasound is performed on the following day.



� Venous Duplex Ultrasound
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Figure 59-5

Figure 59-6 At the time of discharge, the pa-
tient’s left leg has returned to normal without
pain or swelling.

Ultrasound Results

Longitudinal image demonstrates a complete resolution of the left femoral and
iliac vein without evidence of DVT. 

Case Continued

At the time of discharge 4 days later, the patient’s left leg swelling has com-
pletely subsided without any pain (Fig. 59-6). He remains free of symptoms and
has no recurrence of DVT at 1-year follow-up. 
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Presentation

A 30-year-old man is referred to the vascular clinic with a nonhealing left leg ul-
cer of 3 months’ duration. He is otherwise healthy. The patient complains of leg
and ankle swelling with “weeping” yellow fluid from the ulcer bed. The patient
states that at the age of 28 years he fractured his left leg in a car accident, and re-
quired open repair with internal fixation. One week after surgery, he developed
a blood clot in his left leg that was treated with anticoagulation. On examina-
tion, the location of the ulcer is superior to the medial malleolus, and is 3-cm in
diameter with a mixed granulating fibrin base. The surrounding skin is dark
brown and has a “woody” texture. There is leg and ankle edema, with decreased
mobility at the ankle joint and no calf tenderness. 

Differential Diagnosis

The differential diagnosis for a leg ulcer includes chronic venous insufficiency,
arterial insufficiency, diabetes, vasculitis, cryoglobulinemia, trauma, infection,
malignancy, and decubitus. In African-American patients, one must consider
sickle cell disease as a cause of perimalleolar ulcers. Bilateral lower extremity ar-
terial pulses are normal. A venous duplex and APG are ordered.

� Venous Duplex Ultrasound
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Duplex Ultrasound Report

Duplex ultrasound (DUS) demonstrates severe reflux (incompetent valves) of
the entire left long saphenous vein (greater saphenous vein), common femoral
vein, and popliteal vein, with two incompetent perforator veins in the leg.
There is no deep venous thrombosis. When the valve is incompetent, there is se-
vere (greater than 4 seconds) reflux following compression of the leg, with a
long segment of flow reversal (long segment of venous spectra). Figure 60-1
demonstrates a normal superficial femoral vein. Note the absence of reflux fol-
lowing compression of the leg when the valve is competent, and with no flow
reversal (long area void of venous spectra) (Fig. 60-2).

Case Continued

Air plethysmography (APG) demonstrates a venous filling index (a measure to
evaluate the severity of the reflux) of 6 mL/s (normal is less than 2 mL/s) and an
ejection fraction (a measure to determine the calf muscle pump function) of
35% (normal is greater than 60%). The history of leg trauma complicated by a
venous thrombosis and the clinical examination is suggestive of a venous ulcer. 

Diagnosis and Recommendation

The diagnosis is chronic venous insufficiency with venous ulcer. Unlikely diag-
noses include arterial insufficiency due to lack of further ischemic signs (gan-
grene, loss of hair, shiny taut skin-atrophic, loss of muscle mass, dystrophic toe-
nails), abnormal pulses, and older age. Diabetic foot ulcer is classically on the
plantar surface at the metatarsal phalangeal joints, interphalangeal joints, or
heel and dorsal foot. Vasculitis or cryoglobulinemia would have other systemic
manifestations and require further serologic tests and biopsy for confirmation.
A rare manifestation of various skin cancers is the presence of leg ulcers, and in
the epithelium of chronic ulcers (Marjolin ulcer). Systemic myeloproliferative
disorders can present with skin ulceration. 

Treatment recommendations include compressive therapy with either ban-
dages (Unna’s boot) or garment stockings, or surgery with ligation and stripping
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of the long saphenous vein with perforator interruption. Indications for surgery
are failure of compressive therapy due to poor fit or noncompliance, recurrent
venous ulcer despite aggressive medical management, severe reflux in the deep
system, and as an adjuvant to medical compression therapy. 

� Surgical Approach

A standard approach is to exise the long saphenous vein with high ligation at
the saphenofemoral junction and endoscopic perforator vein ligation under
general anesthesia. Subfascial endoscopic perforator surgical ligation (SEPS) is
performed first. The concept is to divide perforators that are present in both the
superficial and deep posterior compartment of the leg. The important perforator
veins of the leg are the Cockett perforators (I, II, and III) originating from the
posterior arch vein, and the proximal paratibial perforators that connect the
posterior arch vein and long saphenous vein to the posterior tibial and popliteal
veins. The limb is exsanguinated using an esmarque wrap, and a pneumatic
tourniquet placed on the proximal thigh is inflated to 250 to 300 mm Hg to ob-
tain a bloodless field. Two skin incisions are required, and are in the midcalf
posterior-medial skin 4 cm and 10 cm from the tibia. Two endoscopic ports are
placed in the subfascial plane: a 10-mm port housing the camera, and 5-mm
working port (to pass scissors, clips, dissecting instruments). A balloon space-
maker is inserted to widen the subfascial space (superficial posterior compart-
ment), and carbon dioxide insufflation is maintained at 30 mm Hg to provide
visualization. The subfascial space is assessed for perforators from the proximal
border of the tibia to the ankle level, and perforators are clipped and divided.
The paratibial fascia is opened next to enter the deep posterior compartment,
and this allows for division of the Cockett II and III perforators, the proximal
paratibial perforators, and Boyd’s perforator (at the knee just above the paratib-
ial perforators). The Cockett I perforator is retromalleolar and usually requires a
separate direct incision to divide and ligate it. 

Once all the perforators are divided, the ports are removed and the remain-
ing carbon dioxide is manually expressed, followed by tourniquet removal. At
this stage, a 4-cm incision in the groin, 4 cm lateral to the pubic tubercle, is
made to expose the saphenofemoral junction. High ligation of the saphe-
nofemoral junction along with all tributaries is performed, and the long saphe-
nous vein is stripped from the groin to the level just below the knee. All wounds
are closed and an elastic bandage is applied from the foot to the thigh. 

The patient is given instructions to maintain leg elevation for 1 to 2 days,
remove the bandages on day 2 to check the wounds, and reapply an elastic wrap
to minimize leg swelling. Usually, patients are able to ambulate 4 to 6 hours fol-
lowing surgery. The patient should be instructed that there may be bruising
along the medial thigh and leg from the stripping, and occasionally there may
be an associated hematoma. After surgery, patients usually return to work in 1
to 2 weeks. Compression stockings are recommended for 3 to 4 weeks following
surgery, and should be worn during extensive periods of standing or sitting. 

Discussion
Chronic venous insufficiency (CVI) is estimated to affect between 0.5% and 3%
of the adult population. CVI affects women 3 times more than men. However,
venous ulcers are more commonly seen in males and the elderly. CVI results
from persistent venous hypertension that can be measured by ambulatory ve-
nous pressure (measured from the dorsal foot vein). Normal baseline venous
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pressure on standing is 80 to 90 mm Hg. In normal functioning veins, when
ambulating the venous pressure in the leg decreases to less than 40 mm Hg. An
ambulatory venous pressure greater than 40 mm Hg is considered abnormal and
suggestive of CVI. The venous recovery time, defined as the time required for re-
turn to a baseline venous pressure during standing, is normally between 17 and
20 seconds. Patients with CVI have venous recovery times that are significantly
lower. 

The etiology of CVI can be from a primary cause (unknown etiology) result-
ing in venous reflux (incompetent valves), or from a secondary known cause
such as occurs with venous thrombosis with obstruction with or without con-
comitant valvular reflux, and leg trauma that results in poor calf muscle pump
function. In rare cases, CVI can be from a congenital cause, as in patients with
Klippel-Trenaunay syndrome (venous malformation including varicosities, limb
hypertrophy, and capillary dermal hemangioma—the port wine stain). 

A significant cause of CVI is the postphlebitic syndrome (or postthrombotic
syndrome) that occurs as a late complication of an acute deep venous thrombo-
sis (DVT). The postthrombotic syndrome can affect 29% to 79% of post-DVT
patients; however, interestingly, about 38% of patients who have had a venous
thrombosis have no valvular incompetence and usually have complete and
early resolution of thrombus. Following venous thrombosis, veins undergo
partial or complete recanalization, or remain thrombosed with collateral flow.
The resulting vein segments that have recanalized or remain thrombosed
may have damaged or nonfunctioning valves, leading to chronic venous hyper-
tension. It is important to note that incompetent valves alone, venous throm-
bosis alone, or a combination of both can result in the same clinical manifesta-
tions in patients with CVI. 

Patients with CVI can have the following lower extremity presentations:
varicose veins associated with pain, leg edema, venous claudication (leg swelling
with heaviness and leg cramps), skin hyperpigmentation and fibrosis affecting
the dermis and subcutaneous fat (lipodermatosclerosis), decreased ankle mobil-
ity, and leg ulceration. Patients with CVI, especially with skin changes of lipo-
dermatosclerosis are at risk for delayed wound healing from repetitive trauma to
the limb. Patients with long-standing CVI may also have lymphedema, repre-
senting a combined disease process. Initial attention to the venous abnormali-
ties with proper treatment for resolution of the lymphedema may be required. 

The evaluation of patients with CVI begins with a complete history and
physical examination. One should determine if deep or superficial venous
thrombosis is present. The use of anticoagulants and prior venous surgery
should be documented. Examination of the extremities requires assessment of
arterial pulses, tissue evaluation for ulceration and skin color changes, toenail
hypertrophy, edema, and varicosities. Confirmatory tests using DUS to evaluate
for venous thrombosis, anatomic pattern, and reflux (defined as valve closure
time of greater than 0.5 seconds), and APG should be performed. Patients with
cellulitis and ulcer bed infections should be treated with 1 to 2 weeks of antibi-
otics, with frequent dressing changes. 

Therapeutic considerations for CVI include compression therapy with elas-
tic compressive stockings, paste gauze boots, layered bandaging, or adjustable
layered compression garments. Surgery should be considered in patients who
have persistent discomfort, refractory venous ulcers, inability to comply with
compression therapy, and as an adjuvant to compressive stocking treatment. In
general, patients with venous ulcers require 3 to 6 months before complete heal-
ing is achieved. Recurrent ulceration is frequent if compression therapy is not
maintained. 
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Presentation

A 46-year-old man with a 20-year history of severe chronic venous insufficiency
(CVI) that he attributes to two leg fractures presents to you with a healed right
medial malleolar ulcer for Unna boot therapy. He has no history of deep venous
thrombosis (DVT) and has never been on anticoagulants. He presents with a sig-
nificant history of swelling in his right lower extremity, which worsens with
standing. The patient is a sheet metal worker and is on his feet for significant
lengths of time. On physical examination, the patient is found to have classic
changes of stasis dermatitis and statis pigmentation in the right lower extremity.
He has no obvious phlebitis, although he has significant varicose veins. His
varices are located from just above the knee and extend down to the area of his
medial ankle. On presentation, the patient brings a venogram that suggests that
he has no evidence of current or previous DVT and that his deep venous system
is open and intact.

Differential Diagnosis

The differential diagnosis for a patient with ulcers involves venous, arterial, neu-
ropathic, or mixed etiology. Venous ulcers are typically located in the medial
and lateral malleolar area and associated with stasis dermatitis and stasis pig-
mentation. Arterial ulcers are typically located on the distal extremity with asso-
ciated signs and symptoms of peripheral vascular occlusive disease, including
thickened toenails, loss of hair, and pallor, along with severe pain. Neuropathic
ulcers are typically located over pressure points such as the first and fifth
metatarsal heads of the foot and over the heel. They are often painless, deep,
and indolent and associated with a significant surrounding callus. This patient’s
history and presentation are classic for a venous etiology to his ulceration. A
photoplethysmograph, venous duplex scan, air phlethysmograph, and veno-
gram are ordered.

� Photoplethysmography Study 
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Photoplethysmography Study Report

Photoplethysmography (PPG; Fig. 61-1) reveals that the patient has right lower
extremity deep venous insufficiency, while the left leg is within normal limits
(greater than 26 seconds). 

� Venous Duplex Scan 
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Figure 61-2

Figure 61-3

Venous Duplex Scan Report 

No evidence of DVT is seen in the right lower extremity, but the greater saphe-
nous vein appears varicosed. The saphenofemoral junction is imaged with and
without Valsalva maneuvers and shows evidence of venous reflux (Fig 61-2). An
incompetent perforator in the distal calf involving the posterior tibial vein is
noted (arrow, Fig. 61-3). This perforator is marked and measured at 0.51 cm. 



� Air Plethysmography 
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Figure 61-4

Air Plethysmography Report

Air plethysmography (APG) reveals that the patient has significant venous re-
flux with venous filling index (VFI) at 9.9 mL/s; with superficial occlusion, the
VFI actually improves to 8.6 mL/s (Fig. 61-4). The patient has a normal ejection
volume and ejection fraction of 87%. 

� Ascending and Descending Venography 

Figure 61-5



Ascending and Descending Venography Report

The ascending venogram reveals widely patent calf and thigh veins. Descending
venogram with valsalva demonstrates lack of valves at the superficial femoral
vein and reflux of contrast down both the superficial femoral (arrows) and pro-
funda femoris veins (Fig. 61-5).

Diagnosis and Recommendation

The patient’s diagnosis is superficial and deep venous insufficiency as the cause
of his venous ulceration. The recommendation includes saphenofemoral dis-
connection, inversion stripping of the greater saphenous vein to just above the
knee, stab-avulsion phlebectomy of the varicosities, and finally interruption
and ligation of the incompetent calf perforator underneath the area of his stasis
ulcer.

The patient has reflux at the groin in both the superficial (from APG) and
deep (from venogram) venous systems. His reflux improves with superficial oc-
clusion, suggesting that removal of the superficial system would be helpful. Be-
cause of the reflux at the level of the groin, disconnection at the saphe-
nofemoral junction of the saphenous vein from the deep venous system is
recommended. The patient also has an incompetent perforator documented by
venous duplex imaging, which will be ligated at the time of superficial venous
excision. Finally, as the patient has a widely patent deep venous system, it is felt
appropriate to proceed with the removal of the superficial venous varicosities.

� Surgical Approach

The patient’s veins are marked in the preoperative holding area and the calf per-
forator is located by duplex ultrasound imaging. The patient is then taken to the
operating room. The operation begins by making a small incision in the right
groin. The saphenofemoral junction is disconnected and a section of the saphe-
nous vein removed after 5 proximal branches have been ligated and divided.
Then, using a stripper, the saphenous vein is stripped with an inversion tech-
nique down to just above the knee. Small incisions are then made with a num-
ber 11 blade and stab-avulsion phlebectomies performed to remove the entire
previously marked vein. Finally, a small incision is made posterior to the loca-
tion of an incompetent perforator that had been marked and is ligated and di-
vided.

Discussion
Chronic venous insufficiency is a condition in which lower extremity venous
hypertension occurs due to abnormalities of the venous wall and venous valves.
This can occur in the setting of previous DVT or secondary to primary venous
valvular dysfunction. CVI is quite common and its prevalence increases with
age. The overall incidence of venous stasis syndrome is 76 in 100,000 patient
years. The incidence of venous ulceration is much less common, but still signifi-
cant with an incidence of 18 in 100,000 patient years. The economic impact
thereforer is significant, with an estimated 200 million 1990 dollars per year
spent on their treatment in the United States alone. This figure is likely much
higher today.
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The pathophysiology of CVI is primarily the result of venous valvular dys-
function. With valvular insufficiency, the resulting standing column of blood
leads to venous hypertension. This in turn leads to capillary dysfunction and
tissue injury. Elevated venous pressures can occur due to either venous reflux
from valvular incompetence of either the superficial, deep, or perforator veins
and less commonly venous obstruction from DVT or venous compression syn-
dromes, such as iliac vein compression. 

Clinical characteristics of CVI include symptoms related to reflux and ob-
struction. From reflux, patients present with edema, aching, fatigue, night
cramps, and associated stasis dermatitis and stasis pigmentation. If these
changes proceed unabated, they can lead to ulceration. Patients with obstruc-
tion have pain with ambulation, significant thigh and leg swelling, and a poor
response or no response to a program of CVI management.

The diagnosis of CVI involves both noninvasive and invasive testing. Non-
invasive tests include PPG, APG, and venous duplex ultrasound imaging. Inva-
sive tests include venography. Treatment of CVI involves the wearing of surgical
support stockings, intermittent leg elevation, and a good exercise program such
as walking, bicycling, or swimming. Adequate compression remains the founda-
tion for healing. The most common methods for applying wound treatment
and wound compression include multiple layer compression bandages or the
Unna boot, and occlusive dressings underneath ace wrapping. If compression
and wound coverings are utilized, patients require intermittent leg elevation un-
til their edema is lessened to allow for the placement of appropriately fitted sur-
gical support stockings. The combination of wound covering and compression
allows for most venous ulcers to heal over time. 

Meticulous local wound care and careful attention to the skin surrounding
the ulcer are also paramount to allow ulcer healing. Topical wound care agents
are available, but many are costly and efficacy beyond standard compression
along with wound covering has been difficult to demonstrate. For large venous
ulcers expected to show low rates of healing, cultured human skin equivalent
(Apligraf, Ortho-McNeil Pharmaceuticals) or split thickness skin grafting may be
considered. 

In addition to good wound care, a mainstay of treatment is to correct points
of reflux and, if necessary, open up areas of obstruction. For the correction of re-
flux, procedures available include superficial venous vein resection such as per-
formed in this patient, with or without perforator ligation using either the open
or the endoscopic technique (SEPS), and procedures that restore valvular com-
petency, such as valvuloplasty, vein segment transposition, or vein valve trans-
plantation. For patients who have chronic venous obstruction, bypasses such as
a femorofemoral venous crossover bypass for an iliac vein obstruction or a
saphenopoplital bypass for a femoral vein obstruction are available. One of the
procedures that has gained favor recently and has shown tremendous promise is
venoplasty and stenting for patients who have iliac vein compression syn-
drome, the so-called May-Thurner syndrome.
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Presentation

A 19-year-old male presents to your emergency department (ED) with multiple
gunshot wounds (GSW) to the right and left flanks and the left thigh. He is he-
modynamically unstable at the scene, where he is resuscitated with 500 mL of
saline. When he arrives in the ED, his airway is intact, blood pressure is now sta-
ble, and he has a single GSW in each flank, with moderate tenderness in the
right flank and anterior abdomen without obvious peritonitis. Gross hematuria
is noted in the Foley catheter. He has a single GSW in the left thigh with an ap-
propriate exit wound in the posterior thigh, with intact distal pulses. He is un-
able to move his lower extremities and has markedly decreased sensation in both
legs. He is sent for a computed tomography (CT) scan of the abdomen and pelvis.

� Abdominal/Pelvic CT Scan
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Figure 62-1

CT Scan Report

Abdominal/pelvic CT scan shows injury to the right kidney with hematoma
around the kidney (Fig. 62-1) and an intact left kidney. There is a fracture of the
L1 lumbar spine with bone fragments in the canal without epidural hematoma.
There is no free fluid in the abdomen. 

� Surgical Approach

The patient is taken to the operating room immediately following his scan. 
Laparotomy reveals a retroperitoneal right colon injury, and a stable right retro-
peritoneal perinephric hematoma. The patient undergoes right ileocolectomy
with primary anastomosis, and intraoperative urologic consultation results in
nonoperative therapy to the right kidney injury. 

Jonathan D. Gates, MD



An intraoperative intravenous pyelogram demonstrated a normal functioning
left kidney and delayed function of the right kidney. Given the inherent hypercoag-
ulability from the recent trauma, laparotomy, and new onset of paraplegia from the
spinal GSW, this patient is at high risk for deep venous thrombosis (DVT). Selection
of appropriate prophylaxis against venous thromboembolic events is warranted. 

Discussion
New onset paraplegia in the trauma patient represents a high-risk category for
the development of DVT. The penetrating wound to the kidney and the sur-
rounding retroperitoneal hematoma confers a risk of bleeding should the patient
be placed on prophylactic pharmacologic anticoagulation. Subcutaneous unfrac-
tionated heparin for DVT prophylaxis is inferior to low-molecular-weight he-
parin (LMWH) in most trauma scenarios. Most practitioners would not acutely
anticoagulate a patient in whom there is a diagnosis of a nonsurgically treated
solid organ injury. Over time, the risk of bleeding from the injured solid organ in
the presence of anticoagulation diminishes. 

The retrievable inferior vena cava (IVC) filter may be the solution to this
dilemma, but is not yet approved in the United States.* The IVC filters have
been shown to reduce the incidence of pulmonary embolism (PE) in the short
term, but long term (2 years), there seems to be an associated increase in symp-
tomatic DVT in those patients with a filter in place. There is also a small (4% to
6%) but real risk of IVC occlusion in the presence of an IVC filter. Some practi-
tioners now place their patients on Coumadin in the presence of a permanent
IVC filter. Lifelong administration of Coumadin also carries a risk of life-threat-
ening hemorrhage, and might impose restrictions on the activities of an other-
wise healthy young person. Hence, there appears to be a downside to having a
long-term IVC filter in place. 

This patient’s risk of DVT/PE is highest within the first 6 weeks following his
injury and the risk of anticoagulation is highest within the first 4 weeks. The re-
trievable IVC filter would remain in place during the period when the DVT/PE
risk is highest, and it is known that an IVC filter is most effective. Over time, as
that risk diminishes and the patient becomes more mobile, the filter could be
removed and more appropriate prophylactic anticoagulation achieved there-
after, when it has become safe to do so. However, defining this period must be
made on a case-by-case basis. 

Recommendation

A Gunther-Tulip retrievable IVC filter (Fig. 62-2) is placed percutaneously. Ad-
ministration of Lovenox, 40 mg daily, is started after 10 days and used for DVT
prophylaxis. 

Case Continued

A urine leak develops, and a right nephrostomy tube is placed to control the
urine from the right kidney. Neurosurgical evaluation of the lumbar spine frac-
ture indicates that no operative intervention is needed. 

Four weeks postoperatively, the patient is improving and is moved from bed
to chair in a clamshell brace. An attempt is made in interventional radiology to
remove the IVC filter, but the cavagram demonstrates partial filling of the filter
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with clot (Fig. 62-3). Therefore, the filter is left in place and the patient is fully
heparinized with subcutaneous LMWH twice a day until a therapeutic interna-
tional normalized ratio is achieved with oral anticoagulation. The temporary fil-
ter now remains in place as a permanent device. Because this patient is young
and should recover from his traumatic injuries, lifelong follow-up with abdomi-
nal ultrasound and examination should be done. 
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Presentation

A 21-year-old man is involved in an altercation resulting in a single gunshot
wound to the abdomen. He is conscious at the scene, and is brought in by the
emergency medical service. En route, he becomes lethargic with increasing ab-
dominal distension, and is rapidly intubated by the paramedics. On arrival in
the emergency department, the patient’s heart rate is 140 beats per minute,
blood pressure is 80 systolic and 40 diastolic, and he is ventilated at a rate of 30
breaths per minute. The patient was resuscitated with 2 L of normal saline and
started on O-negative blood through two large bore intravenous (IV) lines.
Rapid assessment revealed clear breath sounds bilaterally, normal heart sounds,
a firm distended abdomen with a single entrance wound in the right upper
quadrant, and no other injuries noted. 

Differential Diagnosis

A patient presenting with an acute penetrating injury to the abdomen must be
suspected of having an injury to a solid organ (liver, spleen), hollow viscera
(small bowel, colon, bile duct), or major vascular structure (vena cava, aorta,
mesenteric vessels). Abdominal distension in the presence of a penetrating in-
jury is concerning for intraabdominal hemorrhage. Patients presenting in shock
with or without abdominal distension following penetrating trauma, as well as
blunt trauma, should be suspected of having a significant vascular injury and
warrant prompt surgical treatment. In this case, the patient has a single gunshot
wound to the abdomen and presents with shock and abdominal distension,
making the likelihood of a vascular injury very high. However, patients with
penetrating and blunt injuries to the abdomen can also have other reasons for
shock, including cardiac tamponade; pneumothorax; hemothorax; transected
thoracic aorta; tracheal disruption; and massive pulmonary (air) embolism. Al-
though less likely in the differential for the case presented, patients may present
with major abdominal vascular trauma and concomitant chest trauma, espe-
cially in penetrating wounds that cross the chest, mediastinum, and abdomen
from multiple projectiles (bullets, knives). 

Diagnostic Tests and Results

Rapid resuscitation and recognition of imminent life-threatening injuries from
penetrating injuries is paramount in patients presenting in shock. Therefore, pa-
tients in extremis are immediately assessed and brought to the operating room
for surgical exploration, avoiding unnecessary tests and delays that may jeopar-
dize survival. Occasionally, patients who lose their vital signs at arrival require
an immediate thoracotomy in the resuscitation room to reestablish cardiocircu-
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latory integrity prior to definitive surgical repair. However, the outcomes for
these patients are usually dismal. 

In patients who sustain penetrating or blunt injuries who are hemodynami-
cally stable, but potentially have intraabdominal injuries, several diagnostic
tests are useful. In patients with penetrating trauma who are completely asymp-
tomatic, diagnostic laparoscopy is very useful before performing a full laparo-
tomy to visualize directly the intraperitoneal organs. The potential pitfall of la-
paroscopy is the difficulty in assessing the retroperitoneal structures, and a
missed injury, depth of organ injury, and lower sensitivity for hollow viscus in-
jury. Computed tomography (CT) with intravenous contrast is useful in demon-
strating large vascular structures, solid organs, and intraperitoneal/retroperi-
toneal fluid. CT angiography is very useful in evaluating arterial injuries of the
trunk, neck, and extremities, usually avoids delays in mobilizing the angiogra-
phy team, and is less invasive. Diagnostic peritoneal lavage (DPL), which re-
quires placement of an intraperitoneal catheter under local anesthesia, is useful
in rapidly assessing patients with blunt abdominal trauma for gross bleeding (10
mL of blood aspirated) and for occult injuries by evaluating the effluent after in-
stilling 1 L of normal saline in the abdominal cavity and determining the pres-
ence of greater than 500 WBC, 100,000 RBC, elevated amylase or bilirubin, and
particulate enteric matter (food fibers, stool). Although DPL is rapidly per-
formed, it is limited by the lack of specificity to which organ is injured; more-
over, the ability of DPL to detect very small amounts of blood in the peritoneal
cavity makes it difficult to ascertain significant injuries (mesenteric tear) versus
insignificant injuries (abdominal wall peritoneal tear). With rapid CT (spiral, he-
lical) scanners, the initial evaluation of abdominal trauma is now commonly by
CT, essentially replacing DPL. Ultrasonography is a rapid noninvasive test to de-
termine the presence of fluid (blood in penetrating or blunt trauma) in the ab-
dominal cavity with sensitivities of 80% to 95%. The major drawback is a low
specificity and this method’s dependence on the operator/interpreter. The test
of choice for vascular injuries is angiography. Angiography has exceptional sen-
sitivity and specificity (greater than 95%), and although an invasive diagnostic
tool, it has the advantage of providing therapeutic options by endovascular
techniques in the treatment of pelvic arterial trauma, arteriovenous fistulas, and
pseudoaneurysms. 

Diagnosis and Recommendation

In the case presented, the type of injury (penetrating), clinical presentation, and
hemodynamic compromise are strongly suggestive for a diagnosis of acute intra-
abdominal vascular injury. The patient needs emergent operative intervention
without any further tests. 

� Approach

In evaluating abdominal vascular injuries, it is important to subdivide the major
vascular structures into vascular regions by the location of the hematoma or he-
morrhage. The patient’s abdomen, chest, and thighs are prepped and draped.
Principles of vascular injuries require proximal and distal control, debridement
of devitalized tissue, and coverage of suture lines and grafts with viable tissue,
peritoneum, retroperitoneum, or omentum. Vascular injuries can be repaired
primarily by end-to-end reanastomosis, by interposition grafting (vein, Dacron,
or polytetrafluoroethylene), or by patch angioplasty.
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Supramesocolic

A midline supramesocolic vascular injury is best approached laterally unless the
site of hemorrhage can be easily visualized in the lesser sac. If hemorrhage is
rapid, an aortic compression device or manual hand compression may be used
to occlude the aorta at the diaphragmatic hiatus prior to clamping. If the
supramesocolic injury is close to the abdominal aortic hiatus, the left chest is
made available for possible thoracic aortic clamping through a left anterolateral
thoracotomy. Injuries to the supramesocolic area include suprarenal aorta,
celiac axis, proximal superior mesenteric artery, or renal artery. The left colon,
left kidney, spleen, tail of the pancreas, and gastric fundus are mobilized past
the midline by a combination of sharp and blunt dissection. Once the aorta is
exposed, an aortic clamp is used to occlude it. Dissection then proceeds distally
so that the actual bleeding site in the aorta or one of the visceral branches is ex-
posed and distal vascular control obtained. 

Inframesocolic

The inframesocolic injury is best approached directly in the midline just below
the mesocolon, just as one would approach an infrarenal abdominal aortic
aneurysm transperitoneally. Injuries to the inframesocolic region are associated
with the infrarenal aorta or inferior vena cava or inferior mesenteric artery. 

Inferior Vena Cava and Branches

The infrahepatic inferior vena cava and both renal veins may be exposed by mo-
bilizing the right colon and hepatic flexure past the midline and performing a
Kocher maneuver. The retrohepatic vena cava is exposed by dividing the trian-
gular and anterior and posterior coronary ligaments of the hepatic lobe and mo-
bilizing this lobe to the midline. Vascular control of the infrarenal vena cava
can usually be obtained by applying sponge sticks or vascular clamps both prox-
imally and distally around the perforations. With injuries at the level of the re-
nal veins, both renal veins should be controlled with vessel loops, and the vena
cava should be controlled at the infrarenal level and suprarenal infrahepatic
level as it passes beneath the liver. 

Retrohepatic Vena Cava

The rare injuries to the retrohepatic vena cava can be approached in several
ways. Adequate liver mobilization is required for proper visualization and vessel
control. The coronary ligaments and triangular ligaments are incised, being
careful with the medial coronary ligament due to the proximity of the hepatic
veins. In the hemodynamically stable patient, simultaneous cross clamping of
the portal triad, suprahepatic (intraabdominal) vena cava, and suprarenal vena
cava (below the liver) may occasionally slow bleeding enough to allow for the
placement of sutures. If this maneuver fails, or if the patient is unstable, a ster-
notomy incision is added to the celiotomy incision and an atriocaval shunt is
placed. Umbilical tape tourniquets around the vena cava are pulled tight on the
shunt, thus excluding the area of injury and allowing direct repair.

Pararenal

Injuries to the lateral pararenal region include the renal artery, renal vein, or
kidney. Vascular control is obtained at the midline as in the exposure for in-
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framesocolic injuries. Control of the right renal vein requires mobilization of
the C-loop of duodenum and exposure of the vena cava at the junction with the
renal veins. 

Lateral Pelvic

Injuries to the iliac arteries and veins present with lateral pelvic hemorrhage or
hematomas. Proximal vascular control is obtained by exposing the infrarenal
abdominal aorta and vena cava (inframesocolic exposure) in the midline. Distal
control is obtained by dividing the peritoneum over the external iliac vessels
proximal to the inguinal ligament as the vessels exit the pelvis. Full exposure of
the right iliac vessels usually necessitates mobilization of the cecum and right
colon. On the left, the sigmoid colon must be mobilized for complete exposure.
The confluence of the common iliac veins is difficult to expose and may neces-
sitate temporary transection of the right common iliac artery with mobilization
to the left of midline, and following repair of the venous injury, a primary end-
to-end reanastomosis of the artery. 

Portal

Injury to the portal triad may involve the portal vein, hepatic artery, and bile
duct. Control is obtained at the hepatoduodenal ligament by looping the struc-
tures posterior and anterior on the ligament (Pringle maneuver). Finger control
of the bleeding is performed, and the vascular structures are dissected carefully
to avoid inadvertent injury to the bile duct. Distal vessel control is then ob-
tained on the hepatic artery and portal vein. 

Case Continued and Surgical Approach

The patient was taken emergently to the operating room where a celiotomy was
performed. On exploration, 2 L of blood were identified. Exploration of the ab-
domen demonstrated a right colonic perforation, a left lobe liver injury, small
bowel perforation, and a large central retroperitoneal hematoma with ongoing
venous and arterial bleeding. The patient became hypotensive and the di-
aphragmatic hiatus was rapidly identified, the left lobe of the liver attachments
(coronary and triangular ligaments) divided, and the crus fibers divided with ex-
posure of the supraceliac aorta for clamping and control. Sponge stick control
on the vena cava was utilized for tamponade. A right-to-left medial visceral rota-
tion (right colon and duodenum) was performed, exposing the infrarenal vena
cava and aorta. The transverse mesocolon and small bowel was eviscerated. The
patient’s blood pressure had stabilized and the aortic clamp was placed in-
frarenal and above the bifurcation. The inferior vena cava demonstrated a 2-cm
tangential anterior medial tear that extended into the adjacent aorta with a
1-cm tear. The vein was repaired by lateral venorrhaphy using 5-0 polypropy-
lene sutures. The aortic wall was inspected and débrided, leaving a defect ap-
proximately 2 cm long. The aorta was repaired by placing an interposition poly-
tetrafluoroethylene tube graft and was anastomosed end to end. Following
repair of the vascular injuries, the colonic perforation and the small bowel per-
forations underwent resection with plans for delayed reanastomosis. The liver
injury required debridement and ligation of intrahepatic vessels and omental
packing. The abdomen was irrigated and a tongue of omentum placed over the
aortic repair, and the retroperitoneum closed. The patient remained stable over
the next 24 hours, and was brought back for a second-look operation. There was
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no further hemorrhage and the bowel was viable. The small bowel and colon
were reattached in continuity and the abdominal fascia was closed, leaving the
skin and subcutaneous fat open. The patient did well. He resumed oral nutrition
8 days following the injury, and on examination, had a normal lower extremity
pulse. He was discharged to a rehabilitation facility 26 days later. 

Discussion
In civilian trauma, major intraabdominal vascular injuries from blunt trauma
occur in 5% to 10% of cases, and penetrating stab wounds in 10.3% of cases;
gunshot wounds have the highest incidence at nearly 25% of reported cases. Ab-
dominal gunshot wounds are responsible for 70% to 78% of abdominal vascular
injuries. All intraabdominal hematomas, including supramesocolic, inframeso-
colic, perirenal, pelvic, portal, and mesenteric, are opened in penetrating
trauma. The aorta, inferior vena cava, and external iliac artery and vein are most
commonly injured. Overall mortality rate is 45%, but injuries to the abdominal
aorta, hepatic veins, retrohepatic inferior vena cava, and portal vein increases
the mortality rate between 70% and 90%. Data from the American College of
Surgeons National Trauma Data Bank Report of 2002 demonstrates a change in
pattern of trauma in the United States (www.facs.org/trauma.ntdb). Penetrating
injuries occur predominantly in males, with a peak frequency in the ages be-
tween 18 and 21 years and a second peak at ages 36 and 37years, and 11% of the
injuries are due to violence from gunshots, shotguns, stabs, and fights. Blunt in-
juries are caused by accidents involving deceleration of motor vehicles, falls, al-
tercations with direct blows, and contact sports. It is noteworthy that patients
presenting with abdominal vascular injuries commonly have concomitant in-
juries to solid organs and hollow viscus, ranging from 40% to as high as 75%, as
seen in pancreatic or duodenal injuries, due to the proximity of the vena cava
and aorta. 

Basic principles of trauma with priority to the airway, breathing, and circu-
lation are mandatory. Patients with abdominal trauma are resuscitated, and de-
termination of hemodynamic stability is performed rapidly. Examination is per-
formed to identify associated injuries to the head, neck, chest, back, and
extremities. Unstable patients with penetrating abdominal trauma, or patients
with blunt trauma with a positive ultrasound (presence of blood) or DPL, re-
quire emergent surgical exploration. Hemodynamically stable patients with ei-
ther penetrating or blunt abdominal trauma should undergo further diagnostic
testing to define possible vascular or solid organ injuries. 

Stab wounds or small-caliber gunshot wounds of the abdominal aorta can
be repaired directly. If excessive narrowing is present, a patch aortoplasty utiliz-
ing prosthetic graft is used to maintain luminal diameter and blood flow. When
the aorta suffers extensive destruction, as can occur in seatbelt-associated blunt
abdominal aortic trauma, an appropriately sized prosthetic interposition graft is
inserted. Extensive experience with aortic prosthesis in the face of enteric or
fecal contamination from penetrating wounds has clearly demonstrated effi-
cacy and safety. However, it is important to note that suture lines and graft
should be covered by peritoneum or omentum. Mortality from aortic injury ap-
proaches 60%. 

Iliac artery injuries should be repaired because ligation carries amputation
rates in excess of 50%. The iliac artery can be repaired primarily or using a
saphenous vein or prosthetic graft. When extensive fecal contamination is pre-
sent, repair of the iliac artery is dangerous due to a high rate of pelvic sepsis and
possible anastomotic disruption. In this circumstance, the iliac artery is ligated
and a femoral-to-femoral bypass with prosthetic graft is performed to reestablish
blood flow. Iliac vein injury should be repaired, if possible, by lateral venorrha-
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phy. However, if the vein has extensive destruction, it should be ligated. The
patient’s legs should be wrapped with elastic bandages and elevated. Survival
from iliac vessel injuries varies with associated injuries, and ranges from 60% to
80% for iliac artery, and 70% to 90% for iliac vein. 

Injuries to the celiac artery can be managed by repair or ligation. Unless a
small injury is present at the origin of the celiac axis, this vessel is ligated be-
cause there is essentially no morbidity in young trauma patients due to a gener-
ous collateral circulation via the superior mesenteric artery. Injury to the com-
mon hepatic artery is rare, and can often be ligated due to the collateral flow
from the gastroduodenal artery. Portal vein injuries are difficult to manage be-
cause of their posterior location and retropancreatic portion, as well as signifi-
cant associated injuries to the pancreas, vena cava, duodenum, liver, and kid-
ney. Attempts at repair should be made, because ligation could lead to
compromised midgut, and if associated with hepatic artery ligation could cause
liver ischemia and necrosis. The mortality of portal vein injury is 40% to 60%
due to associated injuries.

Extensive injury requiring ligation of the superior mesenteric artery at its
origin or distal to the midcolic artery or inferior pancreaticoduodenal artery can
lead to ischemia of the entire midgut. Due to the vicinity of the pancreas and
commonly associated pancreatic and duodenal injuries, and the potential for
pancreatic leaks near the arterial repair, such wounds present a challenge for
revascularization. Retrograde bypass grafting with saphenous vein or prosthetic
from the distal infrarenal abdominal aorta to the superior mesenteric artery is
usually necessary to avoid anastomotic dehiscence and ischemic intestine. 

When life-threatening hemorrhage necessitates ligation of a renal artery, a
nephrectomy should be performed. On rare occasions in stable patients with
penetrating renal artery injury, bypass grafting from the infrarenal abdominal
aorta to the distal renal artery may be justified. When renal artery thrombosis
secondary to an intimal contusion from blunt trauma is recognized soon after it
occurs, resection of the renal artery with an end-to-end anastomosis is preferred.
As soon as the abdomen is entered, the affected kidney is packed in ice and
flushed with cold Collins solution. If the warm ischemia time is longer than 6
hours, nephrectomy is recommended. A recent multicenter study determined
that blunt renal injuries had a worse renal salvage than penetrating trauma, and
that renal injuries requiring arterial reconstruction versus only renal vein injury
also had a poor prognosis. The study concluded that immediate nephrectomy of
the injured kidney should be performed in patients with blunt renal vascular in-
juries, who also sustained significant parenchymal disruption, in the presence
of a functioning contralateral kidney. 

Vena cava injuries, especially in the retrohepatic region, can present a formi-
dable challenge to repair, and are usually associated with high mortality. Pa-
tients requiring an atriocaval shunt for a retrohepatic caval injury have mortal-
ity rates between 50% and 90%. The vena cava is repaired, preferably in a
transverse fashion, using a running suture of 4-0 or 5-0 polypropylene. Primary
venorrhaphy has been demonstrated to be effective, especially for anterior cava
perforations, and have low thrombosis and embolic complication rates. Exten-
sive infrarenal injuries to the vena cava can be ligated. The patient’s lower ex-
tremities are wrapped with elastic bandages, or placed in compression stockings,
and the extremities are elevated for the first 1 to 2 weeks after operation. Exten-
sive suprarenal vena cava injuries below the liver should be treated by patch
venoplasty or the insertion of an externally supported polytetrafluoroethylene
conduit of appropriate size. The right renal vein and left renal vein near the left
kidney are repaired by lateral venorrhaphy, and the left renal vein at the mid-
line may be ligated. Overall survival from inferior vena cava injury is between
48% and 65%. Survival is based on severity of patient presentation, anatomic lo-
cation of the vena cava injury, and associated aortic injury.
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Presentation

A 40-year-old woman is transferred to you from an outside hospital emergency
department after a motorcycle crash in which she was thrown from the vehicle.
She arrives 5 hours after the time of the initial injury. The outside hospital sent
all studies performed, including computed tomography (CT) scans of the head,
chest, and abdomen, and plain radiographs of the extremities. She was trans-
ferred for care of her mangled left upper extremity. Her identified injuries are
her left upper extremity fractures, rib fractures, and an associated pulmonary
contusion. She arrives hemodynamically stable and intubated. Her left upper
extremity examination reveals bony deformity of the distal humerus and proxi-
mal forearm, with no pulses by palpation or Doppler signal at the antecubital
fossa or wrist. There are open traumatic amputations of the left fourth and fifth
fingers. She has a pulse by Doppler in the proximal upper arm above the site of
her fracture. There are skin lacerations over the mid forearm and mid upper arm
with no associated pulsatile bleeding.

� Left Upper Extremity X-Ray
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Figure 64-1

X-Ray Report

Displaced fracture of the left distal humerus with displaced proximal ulna and
radius fractures (Fig. 64-1).

Wendy L. Wahl, MD



Case Continued

Her left hand is mottled with firmness of the forearm. Her motor examination is
limited by pain, but she appears to have gross motor function in the remaining
fingers and can flex and extend at the wrist.

� Approach

The patient has documented evidence of a blunt vascular injury to her upper ex-
tremity, either secondary to contusion from a direct crush mechanism or from
laceration and/or intimal injury from the bony injury or shear. An arteriogram
will help in determining the level and extent of injury. If the patient presented
immediately after injury, an arteriogram done in Radiology may be appropriate.
Because she has had no pulsatile blood flow to her hand and forearm for almost
6 hours, the risk of irreversible ischemia is increased. The most expeditious eval-
uation for this patient would be an on-table arteriogram done in the operating
room prior to vascular repair. The patient’s clinical examination is also worri-
some for compartment syndrome, which can also be addressed in an expedited
manner in the operating room.

Recommendation

On-table arteriogram of the upper extremity in the operating room with explo-
ration of the brachial and axillary arteries. Ideally, the orthopedic injuries
should be stabilized to prevent further movement and injury of the vessels.
However, in this patient, stabilizing the orthopedic injuries would increase the
duration of ischemia and potentially lead to irreversible injury. Vascular repair
prior to fracture stabilization is recommended in this instance.

Case Continued

At the time of arterial exploration, a crush injury to the distal brachial artery is
identified. Above the level of the injury, a 23-gauge butterfly needle is placed in
the brachial artery, and an arteriogram is performed.
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� Arteriogram
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Figure 64-2

Arteriogram Report

A small brachial artery with single-vessel runoff to the hand via a diminutive ra-
dial artery is visualized (Fig. 64-2).

Recommendation

There is no filling of the ulnar artery, with poor filling of the radial artery. A
thrombectomy to remove thrombus in the vessels should be performed. Further
inspection of the affected area should also be done to evaluate for a contused
segment.

� Surgical Approach

The brachial artery should be exposed over the area of injury. In this case, there
is an area of contusion of the brachial artery measuring 4 to 5 cm in length. An
arteriotomy is made with a No. 11 blade. A No. 3 Fogarty embolectomy catheter
is passed proximally with restoration of pulsatile flow. The catheter is passed dis-
tally with removal of thrombus from the radial and ulna arteries, but flow is still
suboptimal with poor Doppler waveforms at the wrist.

Diagnosis and Recommendation

The brachial vessel may have extensive intimal injury at the level of contusion,
or there may be more distal thrombus present. There is also the possibility of 
arterial spasm, Injection of intra-arterial papaverine may improve this. In this



patient, it is more likely that the poor arterial flow is from the long segment of
vascular injury, and this area should be resected. The decision to perform a pri-
mary vascular anastomosis or to use vein conduit depends on the length of the
defect and the ability to create an anastomosis that will not be under tension. In
this case, at least 5 cm of artery is damaged, and replacement with saphenous
vein is recommended.

� Surgical Approach

A bypass with reversed saphenous vein is created between the debrided ends of
the brachial artery. Restoration of brachial artery flow is continued with much
improved Doppler signals at the wrist. Next, the fractures are stabilized under
direct vision, with no obvious kinking or redundancy of the arterial graft. 

Case Continued

The forearm is noticeably tense after restoration of arterial inflow. The patient is
more than 6 hours from the time of her initial injury.

Diagnosis and Recommendation

Compartment syndrome of the forearm is likely and can be readily measured us-
ing a needle connected to a pressure transducer. (Please see Case 71 for further
details.) The three compartments of the forearm include the dorsal and volar
compartments and the mobile wad. The dorsal compartment contains the ex-
tensors of the fingers and wrist. The volar compartment contains the flexors
and pronators of the forearm and wrist, as well as the median and ulnar nerves
and the radial and ulnar arteries. The mobile wad does not need to be separately
decompressed because of its close association to the dorsal compartment.

� Surgical Approach

The dorsal compartment of the forearm should be released via a straight inci-
sion. The volar compartment should be opened through a “lazy-S”-shaped inci-
sion to avoid later skin contracture.

Case Continued

The dorsal and volar compartments are opened with extensive bulging of the
muscle. All muscles appear viable, with bleeding when cut and contraction
when stimulated. Orthopedic fixation is completed. The patient is returned to
the ICU with dressings to her open fasciotomy sites. She returns to the operat-
ing room 5 days later for closure of her fasciotomy sites.

Discussion

The most common cause of compartment syndrome in the forearm is elbow dis-
location, but coexistent arterial injury is not uncommon. Factors that predis-
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pose to arterial injury in the forearm are open elbow dislocations, absence of a
radial pulse before reduction of the elbow, and other systemic injuries at the
time of elbow dislocation. The timing of repair of the vascular injury can be de-
bated, but in general, if there is prolonged ischemia, the vascular repair should
precede orthopedic stabilization. A temporary carotid shunt can be used to by-
pass the injured segment and provide arterial flow during the orthopedic repair.
A member of the vascular team should be present to ensure that the vascular re-
pair is not jeopardized during the above reduction and that the bypass lies prop-
erly in the wound after reduction. 

Suggested Readings
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Presentation

A 24-year-old, unrestrained, male driver with no significant past medical or sur-
gical history presents to the emergency department via ambulance 30 minutes
after a head-on car-versus-tree collision. An airbag was deployed. He complains
of severe pain in his left lower extremity. After a complete primary and sec-
ondary survey, he is alert and oriented, has several minor facial lacerations, and
a notable deformity of the left knee. There is no exposed bone or active external
bleeding from the left lower extremity. Peripheral pulses on the right lower ex-
tremity are all palpable. The left lower extremity has a palpable femoral pulse;
however, weak popliteal, dorsalis pedis, and posterior tibial Doppler signals are
found. The left foot and toes are cool to touch. Motor function appears to be in-
tact in the legs bilaterally, with decreased sensation on the left. Ankle/brachial
index (ABI) of the right lower extremity is 1.0; the left lower extremity is 0.3. Di-
agnosis of dislocation of the left knee based on clinical data and presentation
made. The left knee is reduced in the emergency department. The ABIs remain
unchanged after reduction. 

Differential Diagnosis

Diminished pulses in the left foot in this setting could be due to direct compres-
sion of the popliteal artery, damage to the artery, or arterial spasm. In this pa-
tient, given the high likelihood of a dislocated knee joint and decreased pulses,
any one, or a combination of the above three etiologies, is possible. The knee
was reduced in the emergency department in hopes of returning normal vascu-
lar supply, but was not successful. The reduction removes direct compression
from the differential. 

Discussion
Posterior knee dislocation, defined as loss of the tibiofemoral articulation, is an
uncommon but potentially devastating injury. It usually occurs during motor
vehicle accidents, industrial accidents, or following sports injuries. Because the
popliteal artery is relatively fixed in position in the popliteal fossa, a large force
is required to cause dislocation and can result in avulsion, shearing, intimal in-
jury, or traction on the popliteal artery. While the knee is dislocated, mechani-
cal compression of the artery may also diminish or obliterate the pulses distally.
This lack of inflow can lead to thrombosis of the vessels forming the tibial tri-
furcation (anterior tibial, posterior tibial, and peroneal arteries).

Failure to identify a popliteal injury after a blunt trauma can result in major
morbidity and lower extremity amputation. The incidence of injury to the
popliteal artery for “low-velocity” injuries is approximately 5% and is as high as
45% for “high-velocity” trauma. Importantly, in patients with a significant
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popliteal injury, as many as 10% have been reported to have palpable pulses.
Sixty percent of vascular injuries involving an extremity have a concomitant pe-
ripheral nerve injury. The six indices of acute loss of arterial flow (pulselessness,
pain, paralysis, pallor, paresthesias, and poikilothermia) are critical signs in this
type of trauma. A full neurovascular assessment of the extremity, including
ABIs, should be performed, when feasible. 

Recommendation

Following sedation and reduction of the knee, repeat ABIs if pulses are present
(as performed above). Perform angiography and heparinization if ABIs are less
than 0.9 or if pulses remain diminished, and if there are no contraindications
secondary to other traumatic injuries. If no pulses are present after reduction,
heparinize and take emergently to operating room. If ABIs are normal after re-
duction, observe pulses closely; perform knee repair by orthopedic surgery.

Discussion
Traditionally, arteriography was used in any patient with a suspected injury to
the popliteal artery regardless of physical examination findings. The only excep-
tion was if no pulses could be found, at which point the patient would be taken
directly to the operating room. Recently, selective arteriography has been pro-
posed as an alternative to mandatory arteriography based on several limited se-
ries due to the expense, time commitment, pain, and associated risks of arteriog-
raphy. Patients with a normal neurovascular examination who have a blunt
knee dislocation can be closely observed, with studies showing a 100% negative
predictive value for prediction of a popliteal artery injury after knee dislocation.
Another study recommended differentiating patients by presence of “abnormal
pulses” based on a meta-analysis of seven articles. Individuals may construe “ab-
normal” differently, and determining “abnormal” requires a great deal of experi-
ence. It is important to note that as many as 10% of patients with a significant
popliteal injury have been reported to have palpable pulses.

Based on the available data, if the ABI is less than 0.9, arteriographic evalua-
tion is indicated. If the ABI is greater than 0.9, the patient should be closely ob-
served and the knee repaired as necessary. If no pulse is present, administer he-
parin and take the patient directly to the operating room for on-table
arteriography and revascularization. 

Case Continued

The patient undergoes angiography of the left lower extremity. An arteriogram
is performed using a transfemoral approach. During angiography, pain in the
left lower extremity increases significantly, and the patient now has decreased
plantarflexion and dorsiflexion (paralysis). The foot appears pale, and is cool to
the touch (poikilothermic). 
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� Angiogram
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Figure 65-1
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Figure 65-2

Angiogram Report

Traumatic occlusion of the left popliteal artery with reconstitution separately of
anterior and posterior tibial arteries near their respective origins.

Diagnosis and Recommendation

An arterial injury of the left popliteal artery with occlusion of the popliteal
artery and reconstitution of branches distal to occlusion via collaterals is pre-



sent. Vascular repair of the popliteal artery should be performed by means of an
above-knee popliteal artery to below-knee popliteal artery bypass, using the
contralateral reversed autologous saphenous vein. If further complicated by
compartment syndrome, four-compartment calf fasciotomy of the left lower ex-
tremity can be performed. It is recommended that the consent for operation in-
clude the small, but significant, chance that amputation may need to be per-
formed, above or below the knee, with the associated risks during this
operation, if revascularization is not feasible.

� Surgical Approach

Both the right and left legs should be prepped and draped. Greater saphenous
vein is harvested from the leg contralateral to the injury. Using a medial ap-
proach, an incision is made above and below the left knee, with the incision
above the knee extending well up into the medial thigh. The distal incision
should be able to connect with a medial incision of a fasciotomy, if necessary.
The distal incision may be necessary for removal of clot from the popliteal tri-
furcation. Careful thrombectomy of the distal arteries may be beneficial to re-
move fresh clot and promote arterial patency.

The popliteal artery is identified at its origin as the superficial femoral
artery passes through the adductor hiatus above the knee. The artery is again
identified below the knee as it passes deep to the medial head of the gastrocne-
mius muscle. The proximal anastomosis to the above-knee popliteal artery is
performed. The vein is placed anatomically between the incision sites. It is im-
portant to remember to completely extend the leg prior to performing the distal
anastomosis to ensure that the vein will not be under tension or kink. The distal
anastomosis is then performed to the below-knee popliteal artery. A postopera-
tive angiogram or ultrasound scan is performed to ensure adequate revascular-
ization and repair. Distal pulses are assessed and marked. 

Case Continued

The greater saphenous vein from the right leg is harvested and the proximal end
marked. Next, a four-compartment fasciotomy is performed on the distal left
lower extremity. The muscle appears healthy and contracts with touch of Bovie.
Using a medial approach with the patient in supine position, exploration of the
popliteal artery above and below the popliteal fossa is performed. The area of
damage is found just above the popliteal fossa as noted on the arteriogram. The
popliteal vein is undamaged and patent. An arteriotomy of the popliteal artery is
performed, and an intimal tear is noted in the lumen. A Fogarty catheter is passed
distally and fresh clot is removed. An above-knee popliteal artery to below-knee
popliteal artery bypass is performed with end-to-side anastomoses using reversed
saphenous vein. Signals are found in both the posterior tibial and anterior tibial
arteries following bypass. An on-table arteriogram is performed, and a patent
proximal and distal anastomosis site as well as posterior and anterior tibial arteries
are noted. The peroneal artery was not well visualized. The patient is extubated
and sent to the recovery room in stable condition. Postoperatively, the patient
has palpable dorsalis pedis and posterior tibial pulses bilaterally.

Discussion
Autologous saphenous vein, usually the greater saphenous, is preferred over
polytetrafluoroethylene (PTFE) grafts in infrageniculate bypasses, because long-

Case 65 329



term patency in vein grafts is superior to PTFE. However, no studies have been
performed to compare PTFE and vein grafts in patients undergoing bypass grafts
solely for revascularization after trauma. 

Advances in the treatment of traumatic arterial injuries, as seen in this pa-
tient, have decreased the rate of required amputations. One of the first pub-
lished studies on popliteal artery injuries was from World War II, when ligation
was the standard of care for popliteal artery injury. The associated amputation
rate was 73%. During the Korean War, the reported rate dropped to 32% with
popliteal repair, with similar results during the Vietnam Conflict. Today, the rate
is quoted as less than 15%. It is important to note the amputation rate rises to
85% when operation is delayed more than 8 hours following injury. 

Up to 50% of knee dislocations that occur in the field are reduced either
spontaneously or by emergency personnel prior to arrival in the emergency de-
partment. This emphasizes the importance of the history and physical examina-
tion during resuscitation. When a patient has had bilateral popliteal artery in-
juries, a posterior approach with some success has been described. 

Case Continued

On postoperative day 7, the patient was discharged to home. His wounds were
healing well. At 2-week follow-up, he was progressing well with physical ther-
apy. ABIs were 1.0 bilaterally. The graft had no evidence of stenosis on follow-up
duplex imaging. On physical examination, he had palpable distal pulses bilater-
ally and normal dorsiflexion and plantarflexion. The fasciotomy sites were
closed the following week. 
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Presentation

A 25-year-old man presents to the emergency department with complaints of se-
vere pain in his right lower extremity. The patient’s past history is significant for
intravenous drug abuse (IVDA). Several hours prior to presentation the patient
injected methamphetamine into his right femoral vein. He reports that immedi-
ately after injection, he developed severe pain in his right leg and foot. On phys-
ical examination, the right foot and calf are mottled and swollen. There are pal-
pable femoral and popliteal pulses. Pedal pulses are absent on the right, but
Doppler signals are present. Motor and sensory functions are intact. The re-
mainder of the physical examination is normal.

Differential Diagnosis

The differential diagnosis for lower extremity pain and cyanotic discoloration in
this 25-year-old with a history of IVDA includes a variety of pathologies. Injec-
tion into the femoral vein may have resulted in venous thrombosis, and he has
subsequently developed symptoms consistent with phlegmasia cerulea dolens.
The patient may also have inadvertently injected methamphetamine into his
femoral artery. The intra-arterial injection could have caused distal emboliza-
tion and occlusion of the lower extremity vessels, or there may be profound va-
sospasm due to the drug’s effect.

Recommendations

Based on the clinical assessment and subsequent differential diagnosis, the pa-
tient is immediately anticoagulated with a bolus of heparin (100 units/kg) and
begun on a heparin infusion. A duplex ultrasound (US) is ordered to assess for
the presence of deep venous thrombosis (DVT). In addition, a right lower ex-
tremity arteriogram is requested. Because it is clear that this patient has a signif-
icantly ischemic limb and Doppler signals, it was felt that noninvasive vascular
surgery laboratory studies were not indicated. 
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Ultrasound Report

There is no evidence of acute, subacute, or chronic deep venous thrombosis in
the femoral or popliteal veins. The tibial veins could not be adequately visual-
ized due to the swelling in the leg; therefore, a thrombus in these vessels cannot
be ruled out.

Arteriogram Report

The common femoral, superficial femoral, and popliteal arteries are patent with
no luminal irregularities. There is a patent tibioperoneal trunk and anterior tib-
ial artery proximally. The distal peroneal artery, posterior tibial artery, and ante-
rior tibial artery are diminutive with evidence of vasospasm. There is minimal
visualization of vessels in the foot, and the digital arteries are not seen. 

Diagnosis

Acute limb ischemia due to vasospasm caused by inadvertent intra-arterial drug
injection, but distal embolization of the digital arteries cannot be ruled out.

Discussion
The incidence of intra-arterial injections associated with drug abuse is not
known. The most common sites of arterial injection include the brachial artery,
the superficial femoral artery, and, less commonly, the carotid artery. Numerous
mechanisms have been proposed to explain the onset of ischemia following in-
tra-arterial drug injection. These include embolization of inert particles, en-
dothelial damage and vessel thrombosis, vasospasm, and venous thrombosis.
After intra-arterial drug injection, drug and particulate matter pass through the
arteriolar and capillary system and into the venous system. Vessel obstruction
and endothelial damage can therefore occur at any of these sites. Drug crystals
can cause digital artery obstruction, as can other materials mixed with the drug.
Vasospasm can occur secondary to drug acidity or alkalinity, vascular trauma,
and norepinephrine or epinephrine release. The contribution of vasospasm to
the ischemic effects of intra-arterial drug injection is controversial. 

Patients generally present with severe, persistent pain after intra-arterial
drug injection. The physical examination should assess the extent of ischemia
and document the degree of motor and sensory function deficits. The affected
extremity is typically swollen, and if the hand is affected the finger and wrist
will often be flexed in a “claw-like” position. Distal limb pulses are usually nor-
mal, which can help to distinguish this from other disease processes. The degree
of ischemia at presentation has been shown to directly correlate with outcomes.
Arteriography is not always mandated in the evaluation of intra-arterial drug in-
jection. This procedure itself may aggravate the ischemic injury and promote
further vasospasm. However, it is useful in determining the extent of injury and
monitoring the response to therapy, and should be used in almost all cases with
diminished or absent pulses.

Treatment protocols are designed to minimize stasis, thrombosis, and in-
flammation. Patients are treated with an initial bolus of heparin, usually 10,000
units followed by a continuous infusion. Some have recommended the addition
of low-molecular-weight dextran. Tolazoline, a vasodilator, in doses of 25 to 50
mg injected intra-arterially at the time of angiography, have been used to suc-
cessfully treat the vasospastic response due to intra-arterial drug injections.
Other vasodilators that have been used include verapamil and phentolamine.



The use of steroids, delivered either intra-arterially or systemically, is also advo-
cated by some and has been associated with improved outcomes. Narcotics are
administered for pain control. This protocol is generally continued for at least
48 hours, and there is complete resolution of symptoms or no further improve-
ment in function. The use of thrombolytic agents is controversial and has not
been shown to significantly improve outcomes. Rarely is revascularization indi-
cated or possible. Fasciotomies may be required in selected cases associated with
massive edema and the development of compartment syndrome.

� Approach

Anticoagulants are administered to the patient prior to the angiogram, and a he-
parin infusion is continued. At the time of the angiogram, 25 mg tolazoline is
injected in the proximal artery, with angiographic improvement in the va-
sospasm. The patient is continued on combination therapy of heparin, dexam-
ethasone, and morphine for 48 hours.

Case Continued

Patient has complete resolution of his symptoms. 

Discussion
The outcome from inadvertent intra-arterial drug injection can be estimated by
evaluating the color, capillary refill, temperature, and sensory function of the af-
fected extremity at the time of presentation. Patients with deficits in one to two
of these areas have excellent outcomes, while those with three or more defects
are likely to develop neurologic dysfunction and have subsequent tissue loss. 

Case Continued

The patient is eventually discharged to home. He returns to the emergency de-
partment approximately 1 month later with complaints of a painful, tender
mass in his right groin. On physical examination, he is tachycardic and febrile,
and has a pulsatile, tender mass in the right groin with overlying skin erythema.
The remainder of his physical examination is normal.

Differential Diagnosis

The differential diagnosis of a painful, tender groin mass associated with fever
in a person with a history of IVDA is vast. In this scenario, however, the leading
diagnoses to be ruled out are mycotic aneurysm or a mycotic pseudoaneurysm.

Discussion
Mycotic aneurysms and pseudoaneurysms are the most common complication
following intra-arterial drug injection in the population of IVDA patients. A my-
cotic aneurysm and pseudoaneurysm are caused by embolic or local infectious
process. Often, the aneurysm results from repetitive needle trauma to an artery,
with subsequent bacterial contamination. Sites frequently associated with the
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development of mycotic aneurysms include the most common sites for intra-ar-
terial injection: the femoral and brachial arteries. However, septic emboli can re-
sult in more remote aneurysms, including involvement of the visceral vessels.
Endocarditis is a common finding. Often, drug addicts will inject repeatedly
into aneurysms or pseudoaneurysms due to their easy accessibility. 

The majority of intra-arterial drug injections involve vessels of the lower ex-
tremity. Pseudoaneurysms are the most common arterial injury observed, fol-
lowed closely by arteriovenous fistula, which may accompany a pseudo-
aneurysm. In cases of mycotic pseudoaneurysms, patients often present with a
painful, pulsatile mass and overlying cellulitis. Occasionally the mass is not pal-
pable due to the edema caused by the infectious process. Patients may be febrile,
and there is a high incidence of bacteremia. The predominant infectious bacte-
ria are Staphylococcus aureus. Although embolization can occur, distal pulses are
usually intact. Duplex US should be obtained because it can provide a great deal
of information about the degree of tissue involvement, vessel (artery or vein)
from which the aneurysm arises, and presence of an arteriovenous fistula. Arte-
riography is not necessary if distal pulses are palpable and the US provides suffi-
cient information, but it should be performed if there is any question about dis-
tal vessel patency, or if the aneurysm involves the visceral vessels, carotid artery,
or pulmonary vasculature.

Recommendation

A complete blood count, cultures, and ultrasound of the right groin are ordered.

Laboratory Results

The patient is found to have a significant leukocytosis. 

Duplex Ultrasound Report

There is a pseudoaneurysm measuring 3.5 × 3.0 cm arising from the common
femoral artery. The pseudoaneurysm is patent. There is edema in the surround-
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ing tissue. The common femoral artery, deep femoral artery, and superficial
femoral artery are patent.

Diagnosis

Mycotic pseudoaneurysm of the right common femoral artery.

Recommendations

The presence of a mycotic aneurysm warrants surgical intervention. Prior to
surgery, the patient undergoes vein mapping to assess for adequate vein should
a bypass be required. Most IVDA patients have no usable superficial vein, be-
cause it has been injured from repeated injections. The patient is started on in-
travenous antibiotics immediately.

� Surgical Approach

The patient is brought to the operating room and placed under general anesthe-
sia. The abdomen, both groins, and right lower extremity are prepped into the
operative field. An incision is made in the right groin, and circumferential con-
trol of the proximal common femoral artery is obtained. Distal control of the
deep femoral and superficial femoral artery is obtained. After anticoagulation,
the region of the aneurysm is then dissected. The area is grossly infected, and re-
section of the infected portion of the common femoral artery involved in the
pseudoaneurysm is necessary. The common femoral artery is ligated proximally
at the level of the inguinal ligament and distally just above its bifurcation. The
intervening segment is resected, and infected tissue surrounding the pseudoa-
neurysm is debrided as well. Samples of tissue are sent to the microbiology labo-
ratory for further evaluation. Closure of the deep tissue with rotation of the
proximal sartorius is done to cover the arterial stumps, but the skin is left open
and allowed to close secondarily. The patient has monophasic Doppler signals
in his feet at the end of the case.

Discussion

Complications from mycotic aneurysms include rupture, thrombosis, and distal
embolization. Treatment of mycotic aneurysms and pseudoaneurysms warrants
excision of the aneurysm and debridement of all surrounding infected tissue in
addition to antibiotic therapy. Any remaining infected tissue can lead to even-
tual disruption of the ligated artery. The need for subsequent revascularization is
controversial. Often these patients have no adequate autologous vein to per-
form a revascularization procedure, and placement of a prosthetic graft, even if
via an extra-anatomic route, places the patient at risk for developing a graft in-
fection. The use of contralateral superficial femoral-popliteal vein has been de-
scribed if immediate revascularization is necessary and no superficial vein is
available. Generally, revascularization is reserved for patients with profound is-
chemia. If the infected aneurysm involves the common femoral artery and liga-
tion can occur above the level of its bifurcation, fewer than 50% of patients will
have severe ischemic symptoms, and less than one-third require early revascu-
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larization to prevent amputation. Almost all patients who undergo ligation of
the common femoral artery complain of some degree of claudication. Postoper-
ative hemorrhage, graft infections (if a bypass is performed), and amputation
are common complications. Amputation rates vary from as low as 10% to as
high as 33% in some series. If revascularization can be delayed after infection
has cleared, grafts can be placed in a more normal anatomic location.
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Presentation

A 29-year-old man with no significant past medical history presents to the
emergency department 1 hour following an altercation. He has two gunshot
wounds in his left anterior thigh from a handgun and a small amount of blood
is emanating from these wounds. On physical examination, he has an obvious
distal left femur deformity with swelling in the region of the wound and associ-
ated long-bone instability. Examination of bilateral lower extremities reveals a
cool, mottled left lower extremity with numbness and weakness in the foot. The
right femoral, popliteal, dorsalis pedis, and posterior tibial pulses are all easily
palpable and normal. The left femoral pulse is 2+ and the left popliteal, dorsalis
pedis, and posterior tibial pulses are absent on both palpation and Doppler
interrogation.

� Left Lower Extremity X-Ray
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Figure 67-1

X-Ray Report

Severely comminuted supracondylar fracture of distal left femur with possible
extension to the articular surface. Soft tissue changes with adjacent foreign bod-
ies consistent with history of gunshot wound.

Mark R. Hemmila, MD



Differential Diagnosis

Potential injured neurovascular structures in this patient include the superficial
femoral artery, popliteal artery, superficial femoral vein, popliteal vein, and sci-
atic nerve. The neurologic changes can be associated with direct trauma to the
peripheral nerves or secondary injury from ischemia.

Case Continued

The patient is taken emergently to the operating room where he undergoes left
medial thigh exposure of the popliteal artery, debridement of the damaged arte-
rial tissue, and primary reanastomosis of the popliteal artery. A thromboem-
bolectomy of the popliteal and both tibial arteries is performed. The orthopedic
surgeon stabilizes his supracondylar femur fracture by placing a spanning exter-
nal fixator across the left knee. It is now 7 hours since his injury and 1 hour
since his left lower extremity was revascularized.

Diagnosis and Recommendation

This extremity has been ischemic for 6 hours. Arterial circulation has been
reestablished, and the patient is currently in the reperfusion period. Concern for
compartment syndrome of the left lower leg should be extremely high based on
the injury sustained, duration of ischemia, and the preoperative neurologic ex-
amination. Three options exist: (1) assume presence of compartment syndrome
based on the history of the case and immediately perform four-compartment
fasciotomies; (2) measure compartment pressures and proceed with fasciotomy
if values greater than 25 to 30 mm Hg are obtained; (3) observe the patient post-
operatively for signs and symptoms of compartment syndrome and return to
the operating room for fasciotomy if clinically indicated. You choose option 1 as
the safest approach for the patient in this case. Option 3 requires an awake, co-
operative patient, with the ability to perform hourly neurovascular examina-
tions. To safely pursue option 3, the patient must have no neurologic deficits
preoperatively or postoperatively and the ability to return promptly to the oper-
ating room should the need for fasciotomy arise.

Discussion: Measurement of Compartment Pressures
Intracompartmental tissue pressure in the extremities can be measured directly
using a sterile needle connected to a pressure transducer. A commercial device
manufactured by Stryker Instruments (Stryker Corporation, Kalamazoo, MI) is
commonly used for this purpose (Fig. 67-2) and uses a needle with a side hole to
avoid incorrect readings from tissue occlusion of the needle lumen. To perform
a pressure measurement, the skin over the central region of the compartment is
swabbed with aseptic solution and anesthetized with local anesthetic. A tiny in-
cision is made in the skin with a No. 11 scalpel blade, and the needle of the
pressure transducer is inserted through the opening and advanced until it pene-
trates the fascia surrounding the compartment to be measured. A small amount
(0.5 mL) of saline is injected and the equilibrated pressure measured. It is impor-
tant to measure all of the individual compartments in the region of interest be-
cause the different compartments can have elevated pressures independent of
each other. A pressure of less than 10 mm Hg is considered normal. Pressures of

338 Case 67



10 to 20 mm Hg are considered mildly elevated, but present a low risk for per-
manent tissue injury. A pressure greater than 30 mm Hg with clinical signs is in-
dicative of compartment syndrome and requires immediate fasciotomy. Pres-
sures between 20 and 30 mm Hg represent a “gray zone” where the concern for
compartment syndrome must be entertained, but the choice to perform a fas-
ciotomy is usually correlated with the clinical course and whether or not con-
tinued tissue swelling is expected. It must be emphasized that pressure measure-
ments are not a substitute for sound clinical judgment and prudent operative
management when compartment syndrome is suspected. 

� Surgical Approach

Release of pressure in the compartment is performed by longitudinally incising
the fascia in one location per compartment in the affected extremity. In general,
all compartments of the involved portion of the extremity should undergo fas-
ciotomy. The calf has 4 compartments, the thigh 2, the foot 10, the arm 3, and
the forearm 2. Following release of the compartment, the exposed muscle
should be assessed clinically for tissue damage and viability. Does it bulge
through the fascial incision? Is it beefy red or dusky, purple, gray, black, or
brown? Does the muscle contract when stimulated with the electrocautery? All
clearly nonviable tissue should be debrided. Equivocal tissue should be re-
assessed for viability with serial examinations, and the patient returned to the
operating room for debridement if marginal tissue progresses to nonviability.

The standard incisions for a 4-compartment lower leg fasciotomy are lateral
and medial through the skin of the calf. The lateral incision is placed slightly an-
terior to the fibula and lateral to the anterior tibial crest. This provides access to
the anterior and lateral compartments of the lower leg. Creating a short trans-
verse incision through the leg fascia can aid in locating the intramuscular sep-
tum between the two compartments. The superficial peroneal nerve lies posterior
to this membrane in the lateral compartment. When longitudinally dividing the
fascia of the lateral compartment, care must be taken to avoid dividing or injur-
ing this nerve. The medial incision is created 2 cm posterior to the posterior crest
of the tibia, which is midway between the anterior and posterior calf borders.
The surgeon should avoid injuring the saphenous nerve and vein. Another trans-
verse incision is made to identify the intramuscular septum between the superfi-
cial and deep posterior compartments. Using Metzenbaum scissors, longitudinal
fasciotomies are performed to open the two posterior compartments. Generous
skin incisions should be made, and usually run at least 15 to 20 cm in length. If
any doubt is present about the adequacy of fasciotomy, the incisions in the skin
and fascia should be extended until this uncertainty is eliminated.

A four-compartment, two-incision left lower extremity fasciotomy is per-
formed. Extensive bulging of the muscle bellies through the fasciotomy and
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skin openings occurs. The open skin wound is approximated using staples, elas-
tic vessel loops, and the shoelace technique. 

Two days later, the patient is taken to the operating room by orthopedic
surgery for removal of his external fixator and open reduction and internal fixa-
tion of his left supracondylar femur fracture. The skin incisions of his fas-
ciotomy wounds are closed with a combination of delayed primary closure and
split-thickness skin grafting on post-injury day 10. 

Discussion
Compartment syndrome develops when tissue expansion in a rigidly confined
space generates increased compartmental pressure that exceeds the capillary
perfusion pressure of the tissue residing in the closed space. This leads to tissue
ischemia, eventual permanent injury, and death to the involved organs. Tradi-
tionally, compartment syndrome has been considered a disease of the fascial
compartments that enclose muscle and neurovascular structures within the ex-
tremities. However, compartment syndrome can occur in other fascial compart-
ments of the body, such as the abdomen. The development of compartment
syndrome is usually an unavoidable process associated with trauma or acute vas-
cular occlusion and ischemia. However, permanent damage to the compartmen-
tal contents is preventable, and in most circumstances represents a delay in di-
agnosis or inadequate treatment.

Compartment syndrome should be considered in every patient with an in-
jured extremity or acute vascular compromise. Conditions that are associated
with a high incidence of compartment syndrome include fractures, crush in-
juries, large volume resuscitation, acute arterial compromise, and acute venous
occlusion. Less common potential causes of compartment syndrome are a tight
dressing or cast, eschar from a circumferential burn, soft tissue swelling from en-
venomation, and application of military antishock trousers. The initial injury or
ischemic event leads to tissue edema and/or hematoma, which result in an in-
crease in the volume of soft tissue within the myofascial compartment. Non-
compliance of the fascial envelope leads to a rapid increase in the compartmen-
tal pressure, which may exceed the capillary perfusion pressure. This causes
further ischemia, added tissue injury, more edema, and increased pressure—a
cycle that eventually results in severe and permanent tissue damage.

The five Ps (pain, paresthesias, paralysis, pulselessness, and pallor) are a
common mnemonic for signs and symptoms consistent with compartment syn-
drome. Pain out of proportion to the severity of injury is a sensitive symptom in
an awake patient. Stretching of the muscle group involved often exacerbates the
pain caused by excessive pressure in the compartment. The appearance of pares-
thesias can be early and sensory abnormalities are indicators of nerve compres-
sion and ischemia. Paralysis is typically a late finding due to prolonged nerve
compression or irreversible muscle damage. Pulselessness from compartment
syndrome alone is a late event and indicates a delay in diagnosis. Often, pulse-
lessness results from acute occlusion of the artery from emboli, thrombus, or
trauma and initiates the tissue ischemia leading to compartment syndrome.
Early discovery of pulselessness and paralysis, which are typically late findings
in the setting of compartment syndrome, should raise the possibility of
neurovascular injury. As pressure builds in the compartment, it causes compres-
sion of the capillaries, leading to decreased skin perfusion and localized pallor.
Physical examination revealing a tense firm extremity during palpation of
the tissue is worrisome and can be easily compared to the contralateral fascial
compartment. 

Open long-bone fractures with extensive soft tissue injury is an unusual set-
ting in which compartment syndrome can occur. A common pitfall is to assume
that the open nature of injury provides complete decompression. This rationale
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is false and can lead to catastrophic results. Initial treatment should be triggered
when suspicion arises for compartment syndrome based on clinical findings.
Orthopedic casts or tight dressings are removed; escharotomies are performed in
burn patients. If the patient’s symptoms do not improve, a decompressive fas-
ciotomy is indicated. In equivocal cases measurement of the compartment pres-
sure as previously described may be helpful. No established benefit has been
proven in humans from the administration of pharmacologic agents such as an-
tioxidants or mannitol. 

Most of the negative sequelae from compartment syndrome can be avoided
by early diagnosis if the clinician has a high index of suspicion and implements
appropriate monitoring in patients who are at risk for elevated compartmental
pressures as well as correcting the underlying cause (eg, acute limb ischemia).
Pain out of proportion to the injury sustained is an important finding in the set-
ting of potential compartment syndrome and should not be ignored. Correla-
tion of the history, physical findings, and pressure measurements will yield the
best results when ruling in or out the diagnosis of compartment syndrome. Be
wary of overlying dressings, tight casts, and splints in the newly injured patient,
and be vigilant in examining these patients for signs and symptoms of compart-
ment syndrome. When performing a fasciotomy and caring for patients with
fasciotomies, use sterile technique because infection of the muscle tissue can
lead to further tissue loss and morbidity.
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Presentation

An 80-year-old woman presents to the emergency department with a 4-hour
history of sudden onset of pain in her left leg, below the knee, associated with
weakness. The weakness resolved over the next hour. She has no past history of
similar events. She has non-insulin-dependent diabetes with statin-controlled
hypercholesterolemia. The patient does not give a history of any recent cardiac
symptoms. On examination, the patient is noted to be alert and oriented and to
favor her left leg. She has an irregular heart rate (150 beats per minute). She is
on nasal cannulae with home oxygen. Examination of the peripheral pulses
notes intact pulses in the right leg, but only a palpable femoral pulse in the left
leg. The leg is cool to touch below the knee. Sensation and motor function are
intact. No continuous-wave Doppler signals are identified in the anterior tibial
or posterior tibial vessels at the level of the left ankle. 

Differential Diagnosis

The differential diagnosis in this case is that of acute lower extremity embolism
or in situ thrombosis below the level of the common femoral artery (Table 67-1). 

Diagnosis

Grade II ischemia.

� Approach

The patient is prepared for possible surgical intervention. Her previous electro-
cardiogram (ECG) shows normal sinus rhythm. Given her new-onset atrial fib-
rillation, the patient is begun on a protocol to rule out a myocardial infarction
and is rate controlled with intravenous metoprolol. 

Mark G. Davies, MD, PhD



ECG 
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Figure 68-1

Table 68-1. Classification of Critical Ischemia

Capillary Muscle Sensory Arterial Venous
Category Status Description Refill Changes Loss Doppler Doppler

I Viable No threat Intact None None � �

II a Threatened Salvageable Intact but None Partial � �

with slow
intervention

II b Threatened Salvageable Slow or Diminished Partial � �

with early absent function
intervention

III Irreversible Nonsalvageable, Absent No function Insensate � �

amputation 
required

Note: �, present; �, absent.

ECG and Echo Report 

ECG reveals arterial fibullation (Fig. 68-1). 

� Approach

Heparin (80 IU/kg IV bolus, and 18 IU/kg/h IV continuous infusion) is adminis-
tered to the patient. Complete blood count and serum chemistry are obtained.
These are within normal limits. A duplex ultrasound examination of the left
lower extremity is performed in the emergency department, and reveals occlu-
sion of the popliteal artery with no proximal tibial vessel runoff. Her



ankle/brachial index is zero. She is sent for lower extremity angiography. The
right common femoral artery is cannulated, and a left lower extremity an-
giogram is performed. 

� Angiogram
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Figure 68-2

Angiogram Report

The angiogram reveals no evidence of inflow disease or superficial femoral
artery (SFA) disease (A and B). There is complete occlusion of the popliteal artery
with no distal runoff (C)

Diagnosis and Recommendation

The diagnosis is acute lower extremity embolism with no runoff. The options
for this patient are surgical embolectomy, with or without intraoperative throm-
bolysis, or intra-arterial thrombolysis. The patient is considered high risk, but
she has intact motor and sensory function, which allows time for a trial of
thrombolysis. In the presence of deteriorating motor and sensory function,
open surgical intervention of femoral embolectomy and intraoperative arteriog-
raphy, and possibly intraoperative thrombolysis, would be required. We choose
to offer the patient a trial of intra-arterial thrombolysis, because she does not
have contraindications to lytic therapy. See Table 68-2. 

� Surgical Approach

In the angiography suite, a 6F Balkan sheath is placed from the right groin and
allowed to lie within the left external iliac artery. A pressurized, heparinized
saline infusion is commenced at 60 mL/h through the sheath. A 5F vertebral
catheter is advanced into the above-knee popliteal artery over a guide wire. A
guide wire is then passed easily through the clot until it lies in the peroneal
artery. An infusion catheter is then placed over this wire to lie in the popliteal
artery and the tibioperoneal trunk (Fig. 68-3). An infusion wire is directed into



the peroneal artery. A tissue plasminogen activator (tPA) infusion of 1 mg/h (0.5
mg through the infusion catheter and 0.5 mg through the infusion wire) with a
peripheral IV infusion of 300 IU/h unfractionated heparin is commenced. See
Table 68-3.

Case Continued

The patient is transferred to the surgical intensive care unit (ICU) for monitor-
ing. Clinical findings in the limb improve gradually, with increasing warmth in
the calf over time. A Doppler signal is appreciated at the ankle 6 hours after
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Figure 68-3

Table 68-2. Contraindications to Thrombolysis

Absolute
Active internal bleeding
Recent cerebrovascular accident (< 2 months)
Intracranial pathology

Relative 
Major:

Recent (< 10 days) major surgery, obstetric delivery or organ biopsy
Active peptic ulcer or other gastrointestinal pathology
Recent major trauma
Uncontrolled hypertension

Minor:
Minor surgery or trauma
Recent cardiopulmonary resuscitation
High likelihood of left heart thrombus
Bacterial endocarditis
Hemostatic defects



commencing the infusion. After 12 hours, the patient is returned to the angiog-
raphy suite for a follow-up angiogram, which demonstrates marked interval im-
provement in her angiographic findings. There is more than 80% lysis of the
embolus with TIMI (Thrombosis in Myocardial Infarction) grade 3-4 flow and
restoration of outflow through the peroneal artery (Fig. 68-4). The patient is re-
turned to the surgical ICU for an additional 12 hours. Follow-up angiograms are
performed.

Discussion
Clinical improvement is associated with return of continuous-wave Doppler sig-
nals at the foot (anterior and posterior tibial arteries) and an ankle/brachial in-
dex of 0.9. Rare but important events to watch for during thrombolytic infu-
sions are the phenomenon of the “storm before the calm” (increasing pain
secondary to lysis of clot and distal embolization), acute compartment syn-
drome (due to rapid skeletal muscle reperfusion in a very ischemic limb), and
distant occult bleeding into the brain and retroperitoneum (most often seen
with higher doses of tPA and full heparinization). At 24 hours, lysis of the clot,
restoration of inline flow, and tibial vessel runoff are evident (Fig. 68-5).

■ Approach

The angiogram findings, in association with the improvement in the patient’s
symptoms, allowed the infusion therapy to be stopped. The patient’s sheath is
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Figure 68-4

Table 68-3. Likelihood of Success for Thrombolysis

FACTOR HIGH LOW

Guidewire Pass Does not pass
Duration of occlusion Short (hrs/days) Long (wks/months)
Location for occlusion Proximal Distal
Distal vessel Visualized Nonvisualized
Distal doppler signal Audible None



removed 4 hours after cessation of the tPA infusion, and hemostasis is achieved
by manual pressure. Care must be taken with prolonged tPA infusions, due to
the build up of fragment X, which can result in unrecognized abnormal coagu-
lation in a patient. She is fully heparinized with the goal of an activated partial
thromboplastin time (aPTT) of 60 to 80 seconds. 

Case Continued

The patient is seen by the cardiology consult service, and is fully anticoagulated
with warfarin with a target international normalized ratio (INR) of 2 to 3. She
will be continued on chronic anticoagulation, because in the presence of her
pulmonary disease the likelihood of successful cardioversion is low.

Discussion

Acute Limb Ischemia
Acute limb ischemia caused by embolism is associated with a cardiac origin in
more than 75% of patients; 80% of these emboli lodge in the aortoiliac and
femoral vessels. The most common etiology for these cardiac embolic events to
the lower limb is acute myocardial infarction or new-onset atrial fibrillation.
The morbidity and mortality of operations in patients with recent myocardial
infarction exceed those for patients who undergo operations for emboli without
corresponding myocardial infarction, and have encouraged clinicians to con-
sider therapeutic thrombolysis.

Thrombolysis
Two scenarios exist for the use of thrombolysis in lower-limb arterial occlusion:
preoperative thrombolysis and perioperative thrombolysis. The success of treat-
ment is determined by correct patient selection. The Working Party on Throm-
bolysis was formed to develop a consensus on the use of thrombolytic therapy
in peripheral arterial disease. It made 37 recommendations, which encompassed
the results of clinical trials and accumulated clinical experience from Europe
and North America. 
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Figure 68-5



In a recent meta-analysis of the literature, a systemic review of intra-arterial
thrombolytic therapy for peripheral vascular disease was undertaken. A total of
32 articles were found, but only 12 were assessed to be of sufficient quality to be
included in the analysis. There was a distinct lack of large randomized con-
trolled trials comparing thrombolysis with surgical management. The excep-
tions were the TOPAS (Thrombosis or Peripheral Arterial Surgery) and STILE
(Surgery versus Thrombolysis for Ischemia of the Lower Extremity) trials, al-
though both had methodological flaws. The STILE trial did not achieve the sam-
ple size that was originally determined, and the TOPAS trials had a large number
of contributing centers (113) compared with the sample size (548). Meta-analy-
sis of the abstracted data sets showed no significant difference between throm-
bolysis and surgery in terms of major amputation (relative risk [RR] 0.9, 95%
confidence interval, 0.6-1.4) and death (RR, 1.2; 0.8-1.9). There was an increased
risk of residual ischemia with thrombolysis (RR, 1.8; 1.2-2.5) and hemorrhage
(RR 2.9; 1.1-7.9). Patients who were shown to benefit from thrombolysis were
those with short duration ischemia (RR reduction, 72%) and occluded grafts (RR
reduction, 58%). The conclusions of this meta-analysis were, despite the theo-
retical advantages of thrombolysis, there was still insufficient evidence to justify
its widespread use except in patients with graft occlusions and short duration is-
chemia.
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Presentation

The patient is a 67-year-old woman who presents with intermittent abdominal
pain. The pain is vague in nature and typically occurs 20 to 40 minutes after eat-
ing. It lasts 1 to 2 hours and resolves spontaneously. It is unclear if fatty food is
more likely to generate the symptoms, but antacids do not relieve the pain. 

Differential Diagnosis

Intermittent abdominal pain may originate from a wide variety of etiologies.
These include symptomatic cholelithiasis, chronic pancreatitis, peptic ulcer dis-
ease, inflammatory bowel disease, irritable bowel syndrome, constipation, viral
gastrointestinal illness, diverticulitis, abdominal malignancy, renal lithosis,
pelvic inflammatory disease, uterine fibroids, or ovarian pathology. Therefore, it
is important to characterize the pain with respect to its associated signs and
symptoms. In this case, the pain is postprandial. The most common causes are
likely to be symptomatic cholelithiasis or chronic cholecystitis. Other sources of
intermittent abdominal pain are frequently associated with alterations of bowel
habits or other associated symptoms. 

Patients with symptomatic chronic mesenteric ischemia will typically have
associated weight loss. The age of the patient may also provide some insight to
the potential etiology of the abdominal pain. Patients with symptomatic mesen-
teric occlusive disease frequently are over 50 years old and may exhibit other
manifestations of peripheral vascular disease. Radiological imaging studies are
essential to evaluate for abdominal malignancy as an alternate source of inter-
mittent abdominal pain associated with weight loss, as well as for mesenteric ar-
terial occlusive disease.

Case Continued

The patient reports an 18-pound weight loss over the preceding 7 months and
she appears thin. She has not been trying to lose weight, but has been avoiding
food because eating is associated with the onset of pain. She denies any alter-
ation in her bowel habits and denies blood in the stools, or black stools; she de-
nies diarrhea or loose stools, and denies constipation. She had no episodes of
abdominal pain prior to 7 months ago, and has no history of peptic ulcer dis-
ease. She has a 30-pack-year history of smoking, and discontinued smoking 8
years ago. 

On physical examination, she is in no acute distress and has normal vital
signs. She has no scleral icterus and no palpable adenopathy. Her abdomen is
flat and nondistended, with normal active bowel sounds. She has no palpable
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abdominal masses, no abdominal tenderness, and no evidence of peritoneal irri-
tation. Rectal examination demonstrates no masses, with stool that appears nor-
mal, but is trace positive for occult blood. Bimanual examination reveals no ad-
nexal masses or evidence of uterine abnormalities. Laboratory examination is
unremarkable, with normal serum chemistry and liver function profiles and
normal amylase and lipase. Urinalysis is negative for red blood cells or evidence
of urinary tract infection.

Extensive evaluation is necessary to ensure that no other, more common,
causes of abdominal pain are present. Radiological evaluation is performed, in-
cluding an ultrasound. This demonstrates a normal gallbladder, common bile
duct, and liver. There is no evidence of hydronephrosis. An upper endoscopy
shows no evidence of peptic ulcer disease. A computed tomography (CT) scan
indicates no evidence of intraabdominal pathology with no evidence of malig-
nancy or chronic pancreatitis. Serum markers suggestive of malignancy, includ-
ing cancer antigen (CA)-125, carcinoembryonic antigen (CEA), and alpha-feto-
protein (AFP), are negative. Colonoscopy reveals only occasional diverticula
without evidence of inflammation and no mucosal abnormalities.

Discussion

Without evidence of an alternative source of abdominal pain, evaluation for
mesenteric ischemia should proceed. Noninvasive imaging techniques to evalu-
ate the visceral circulation may be employed as the initial screening tests. Du-
plex ultrasound may be used in highly experienced centers; however, difficulty
in obtaining adequate imaging may be encountered when bowel gas is present.
Duplex evaluation also tends to be highly operator dependent. 

Magnetic resonance arteriography (MRA) using gadolinium-contrast en-
hancement has become increasingly accurate for the evaluation of the visceral
circulation. When appropriate protocols are utilized, MRA can detect the pres-
ence of mesenteric arterial occlusive disease. In general, it is necessary to have
hemodynamically significant stenoses in at least 2 of the 3 mesenteric vessels
(celiac axis, superior and inferior mesenteric arteries); more commonly, occlu-
sion of 2 of the 3 with hemodynamically significant stenosis of the third is nec-
essary to develop chronic mesenteric ischemia. 

Occasionally, MRA may have artifactual flow defects, particularly if tortuos-
ity of the vessels is present. To definitively establish the diagnosis of chronic
mesenteric ischemia, contrast angiography is preferred. Images may be obtained
in multiple projections, with the lateral projection providing the best demon-
stration of the origin of the visceral vessels. Selective cannulation and injection
of the visceral vessels may provide additional anatomic detail. In instances of
significant mesenteric occlusive disease, extensive collateral vessel communica-
tion is typically present. A prominent marginal artery of Drummond or arc or
Riolan is often present to provide additional collateral arterial flow to the intes-
tine. Findings of hemodynamically significant stenoses in at least 2 and more
typically all 3 visceral arteries, combined with the appropriate clinical scenario
and the absence of an alternative source of abdominal pain, are used to establish
the diagnosis of chronic mesenteric ischemia. Intervention is necessary both to
alleviate the chronic abdominal pain and to prevent progression to frank bowel
infarction. MRA and visceul angiogram is recommended.
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� MRA and Angiogram
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Figure 69-1

Figure 69-2

MRA and Angiogram Reports

MRA reveals occlusion of the inferior mesenteric artery with high-grade stenoses
of the superior mesenteric artery and occlusion of the celiac axis at its origin
(Fig. 69-1). These findings are confirmed at contrast arteriography performed via
the femoral approach (Fig. 69-2).



Discussion
Intervention for mesenteric occlusive disease may be carried out using either
percutaneous transluminal angioplasty (PTA) or direct operative revasculariza-
tion with bypass or endarterectomy. Percutaneous techniques have been used
increasingly in recent years, and can provide revascularization and relief of is-
chemic symptoms with minimal morbidity. Angioplasty, with or without place-
ment of a stent, has been demonstrated to be successful in a high proportion of
patients who have appropriate anatomic criteria. Patients who respond most fa-
vorably include those with incomplete occlusion that is short and focal in na-
ture. Long-segment occlusions are considerably more difficult to treat success-
fully, because dissection in a subintimal plane occurs frequently during attempts
at recanalization. Difficulty may be encountered in reestablishing wire position
within the mesenteric arterial lumen distally, and compromise of mesenteric
branch vessels may be precipitated by more distal dissection in the subintimal
plane. In contrast, when PTA is used for focal, nonocclusive stenoses, arterial
perfusion may be restored in over 90% of cases.

It is possible to treat multiple mesenteric stenoses using percutaneous tech-
niques at the same setting. The lesions may be tandem within the same vessel,
or more commonly may be in distinct vessels. When tandem lesions are present
within the same vessel, simultaneous treatment is required to adequately restore
mesenteric perfusion. In instances of isolated lesions in distinct arteries, the de-
cision to perform multiple interventions simultaneously may be made after
consideration of additional factors. Treatment of multiple lesions is more likely
to provide optimal blood flow to the visceral circulation. In addition, compro-
mise of one PTA site by restenosis during follow-up may be less likely to gener-
ate recurrent ischemia. Other factors that should be considered when the treat-
ment of multiple vessels is being contemplated include the patient’s ability to
tolerate further intervention and their overall physiologic condition, as well as
the adequacy of the primary PTA with regard to alleviating mesenteric ischemia.
Other risk factors may also influence the decision, including the presence of
aortic luminal debris that may be the source of embolization during wire and
catheter manipulation, and baseline renal insufficiency that may be exacerbated
by increased contrast dye loads.

The durability of percutaneous repair is of significant concern, particularly
because restenosis at the angioplasty site is likely to result (at a minimum) in re-
turn of the chronic mesenteric symptoms, and may precipitate frank acute
mesenteric ischemia with resultant bowel necrosis. Published durations of fol-
low-up are shorter for PTA than for direct surgical revascularization. During fol-
low-up that is typically less than 2 years, restenosis has been observed in ap-
proximately 10% of patients. Restenosis generally requires repeated angioplasty
or an alternative revascularization procedure. The absence of extensive long-
term follow-up may limit enthusiasm for use of percutaneous techniques in pa-
tients who are considered good candidates for open surgical revascularization.
However, in patients with significant comorbid medical illnesses in whom ma-
jor aortic surgery may be poorly tolerated, mesenteric PTA is likely to provide
the best initial approach for restoration of mesenteric blood flow.

Case Continued: Open Surgical Revascularization

In the current patient, attempts at percutaneous intervention are carried out
from the femoral approach initially. However, despite the use of multiple hy-
drophilic angiographic wires of varying diameter and shape, augmented with
the use of directional catheters and guide sheaths, the lesion in the superior
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mesenteric artery (SMA) cannot be crossed with a wire. The brachial artery is
then used to provide better in-line access to the origin of the SMA. However,
even with direct in-line access via a left brachial artery puncture, wire access
across the ostial SMA lesion cannot be obtained. Therefore, open surgical revas-
cularization is required. 

Discussion
Several options for surgical revascularization exist. These include transaortic en-
darterectomy, antegrade bypass to one or two mesenteric arteries or retrograde
bypass to one or two mesenteric arteries. Transaortic endarterectomy may be
performed with a thoracoabdominal exposure or transabdominally with median
visceral rotation. After dissection and mobilization of the central aorta, includ-
ing division of the medial arcuate ligament, the renal, superior mesenteric, and
lumbar arteries, as well as the branches of the celiac axis, are dissected to allow
individual control. Once aortic clamping has been performed, a trapdoor inci-
sion is used to enter the aortic lumen. An endarterectomy is performed in the
deep medial layer with eversion endarterectomy of the visceral branches. Exten-
sive experience with the use of transaortic endarterectomy in the United States
is limited to relatively few centers of excellence. The long-term patency results
of this repair are excellent at these centers.

Case Continued

Mild aneurysmal dilatation is noted to be present in the suprarenal aorta. Al-
though this does not warrant surgical repair, it may make suprarenal clamping
difficult. The common iliac arteries are widely patent bilaterally and free of oc-
clusive disease. Consequently, the decision is made in this instance to proceed
with mesenteric revascularization using the common iliac artery as the inflow
source vessel. A single bypass graft using an externally supported prosthetic
graft is planned. The abdomen is explored through a midline incision. Evalua-
tion for alternative sources of the chronic intermittent abdominal pain and
weight loss reveals no intraabdominal pathology. The bowel is noted to be pale,
but it is viable. The small intestine is retracted to the right side of the abdomen.
The superior mesenteric artery is identified as it emerges from behind the body
of the pancreas at the root of the mesentery. A segment of undiseased SMA is
dissected free to allow vascular control to be obtained. The common iliac artery
is then dissected free from the surrounding structures, with care being taken not
to injure the adjacent iliac vein. The bypass graft is laid in a gently curving arc
to prevent kinking or collapse when the small intestine is returned to its
anatomic position. Externally supported prosthetic graft material may aid in
preventing kinking of the graft. The adequacy of the bypass graft may be as-
sessed intraoperatively by Doppler insonation of the mesenteric vessels, palpa-
tion for pulsation in the arterial branches in the mesentery, observation of the
small intestine for peristalsis, and observation of the appearance of viability in
the intestine, liver, and spleen.

Discussion:
The supraceliac aorta provides an excellent source of arterial inflow for mesen-
teric bypass. In instances where it is used, dissection begins either with a left
medial visceral rotation or dissection through the lesser sac to expose the
supraceliac aorta. Division of the crura of the diaphragm provides additional ex-
posure. Hemodynamic control to allow the proximal anastomosis to be fash-
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ioned frequently requires clamping of the entire diameter of the aorta. The
thickness of the supraceliac aorta often prohibits the use of partially occluding
vascular clamps in this position. When a bifurcated graft is used for antegrade
bypass, the first limb is brought directly onto the hepatic or celiac artery and
anastomosed in an end-to-side fashion. The second limb is brought into posi-
tion adjacent to the superior mesenteric artery. A retropancreatic tunnel is fre-
quently employed to allow passage of the graft limb. The anastomosis is again
performed in an end-to-side fashion. The long-term durability of mesenteric by-
pass is excellent. These procedures are often well tolerated and remain the gold
standard for mesenteric revascularization.
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Presentation

A 72-year-old man with a significant past medical history for coronary artery
disease, systolic dysfunction, congestive heart failure (ejection fraction = 25%),
mild chronic renal insufficiency (baseline creatinine = 1.6), and hypertension is
admitted to the cardiac care intensive care unit for acute dyspnea and a pre-
sumed exacerbation of heart failure. A myocardial infarction is excluded during
the first 24 hours by the absence of changes in serial myocardial enzyme
measurements and the electrocardiogram. He is treated with nasal oxygen
(6 Ls/min), a doubling of the dosage of his angiotensin-converting enzyme in-
hibitor, continuation of digoxin and low-dose beta blockade therapy, and ag-
gressive diuresis using intravenous furosemide. He responds well to therapy
within 24 hours. Prior to transfer to the step-down unit, he develops a low-grade
fever (temperature 100.5°F). His blood pressure decreases from his usual levels of
90/60 to 78/40 mm Hg. Slow intravenous hydration is provided and his blood
pressure medications are held. Shortly afterward, he develops severe acute ab-
dominal pain and nausea.

On examination, vital signs reveal a blood pressure of 82/48 mm Hg, heart
rate of 102 beats per minute, respirations of 24 per minute, and oxygen satura-
tion of 92% on 3 L/min. He appears to be in acute distress with anxiety and se-
vere abdominal pain. His neck, lung, cardiac, venous, and arterial examinations
are unchanged. His abdominal examination reveals absent bowel sounds, mild
diffuse periumbilical pain with guarding, and no rebound tenderness. His rectal
examination reveals normal tone and is trace-positive for occult blood. Abdom-
inal plain films and laboratories are ordered.

� Test Reports

Normal abdominal plain films without evidence of obstruction, ileus, mass, or
lumen perforation. 

Complete blood cell (CBC) count showed a modest leukocytosis (white
blood cells [WBC] � 11.9). Comprehensive chemistry panel was unchanged
from baseline, except for a small increase in lactate dehydrogenase (LDH � 250
IU/L) and reduction in serum bicarbonate (HCO3 � 19 mEq/L). Blood and urine
cultures pending. Urinalysis negative for hematuria or pyuria.

Differential Diagnosis

The differential diagnosis for acute periumbilical abdominal pain, fever, hy-
potension, and leukocytosis is broad. Peritonitis: lumen perforation (eg, ulcer),
ruptured diverticuli, or infectious bacterial and nonbacterial organisms. Gas-
trointestinal: pancreatitis, early small bowel obstruction, diverticulitis, early ap-
pendicitis, inflammatory bowel disease, gastroenteritis, or Clostridium difficile
colitis. Vascular: aortic dissection, aortic aneurysm leakage, and acute mesenteric
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ischemia. The latter includes splanchnic arterial thrombosis (usually in the set-
ting of underlying atherosclerotic disease), arterial embolus or dissection, small
vessel disease and vasculitis, venous thrombosis, watershed ischemic colitis, and
nonocclusive mesenteric ischemia. 

Discussion
In a patient with sudden relative hypotension, poor cardiac output, history of
atherosclerosis, and severe abdominal pain greater than physical examination
findings, mesenteric ischemia should be rapidly considered as the primary diag-
nosis. The increase in LDH, rectal examination positive for occult blood, and
metabolic acidosis are all nonspecific findings that are suggestive of this diagno-
sis. Due to the high morbidity and mortality rates and emergent nature of this
diagnosis, immediate testing should focus on excluding this diagnosis and dif-
ferentiating between occlusive versus nonocclusive mesenteric ischemia
(NOMI) once the initial testing described above has been performed. Hypoten-
sion and the use of digoxin increases the risk for NOMI by causing vasoconstric-
tion of the splanchnic vessels. The use of diuretics may increase renal blood
flow and further diminish mesenteric perfusion. Any concomitant infection,
septicemia, and volume depletion will also contribute to NOMI.

� Diagnostic Tests

Abdominal computed tomography, magnetic resonance imaging, or ultrasonog-
raphy cannot exclude NOMI. To avoid unnecessary delay, an emergent digital-
subtraction mesenteric angiography should be the initial test if mesenteric is-
chemia (particularly NOMI) is considered and no signs of sepsis or peritonitis
are present.

� Mesenteric Angiography
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Figure 70-1

Mesenteric Angiography Report

An emergent mesenteric angiogram demonstrates NOMI. Four arteriographic
criteria for NOMI have been presented: (1) narrowing at the origins of multiple
superior mesenteric branches; (2) alternate arterial dilatation and narrowing; (3)
mesenteric arcade spasms and; (4) impaired perfusion of intramural vessels.



Discussion
Acute NOMI is caused by severe and diffuse superior mesenteric artery narrow-
ing due to vasospasm that is triggered by malperfusion secondary to hypoten-
sion (heart failure), dehydration (aggressive diuresis with furosemide), and
digoxin therapy.

Diagnosis and Recommendation

The diagnosis of acute NOMI is made. In contrast to acute occlusive disease (eg,
emboli, thrombosis), surgery is not indicated for early NOMI without mucosal
necrosis. 

� Approach

After angiography displays NOMI, vasodilator therapy should immediately be-
gin. Direct intra-arterial mesentery infusions of papaverine and prostaglandin E1
have been used with success. Vasospasm is known to persist even after correc-
tion or resolution of the inciting events. However, measures should also be
taken to reduce the hypotension and to treat any precipitating dehydration or
infection, including careful hydration (Swan-Ganz catheter may guide this) and
broad-spectrum empirical antibiotics. 

� Surgical Approach

Control of NOMI with vasodilator therapy should be tried initially. Indications
for initial or subsequent laparotomy are failure of intra-arterial vasodilators to
restore splanchnic perfusion, an increase in serum markers suggesting bowel
necrosis, peritonitis, and persistent symptoms of abdominal pain after 24 to 72
hours.

Case Continued

An initial 20-µg bolus of prostaglandin E1 was followed by an infusion at 2.5 to
5.0 µg/h. Symptoms of nausea with abdominal pain resolved within 24 hours.
LDH and HCO3 returned to normal. Repeat angiogram demonstrated a signifi-
cant restoration of splanchnic perfusion (Fig. 70-2). Intravenous glucagon may
be used in this setting as a splanchnic vasodilator, though clinical experience is
anecdotal. 

Discussion
NOMI is a medical emergency with continued high rates of mortality ranging
from 50% to 80%. It accounts for 20% to 30% of all syndromes of mesenteric is-
chemia. Conditions that predispose to the syndrome are previous heart disease
and reduced cardiac function, older age, renal impairment, aortic insufficiency,
and use of certain medications including diuretics and digoxin. Dehydration,
hypotension, shock, and infection precipitate acute malperfusion of the mesen-
tery, which triggers severe microvascular vasoconstriction and spasm. Immedi-
ate angiography and direct intra-arterial vasodilator therapy offer the best out-
comes. 
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Presentation

A 48-year-old man with a past medical history of gastroesophageal reflux disease
but no previous surgeries presents to the emergency department complaining of
abdominal pain. He has had intermittent abdominal pain for years, but the
symptoms have dramatically worsened over the last 2 weeks. The onset of pain
occurs approximately 30 minutes after meals and lasts for hours, and is now as-
sociated with nausea and vomiting. The patient denies any weight loss, melena,
or hematochezia. A recent upper endoscopy was unremarkable and colonoscopy
showed benign polyps. 

On physical examination, the patient is noted to be afebrile and hemody-
namically stable. The examination reveals the abdomen to be soft and mildly
distended with slight tenderness to palpation, but without peritoneal signs.
There are no hernias. The white blood cell count is 7,000 and hematocrit 40.
The electrolyte levels, liver function tests, amylase, lipase, and lactate levels are
normal. To further evaluate the abdominal pain, a computed tomography (CT)
scan with oral and intravenous contrast is ordered. 

Differential Diagnosis

The differential diagnosis for abdominal pain without peritonitis is extensive.
Chronic abdominal pain narrows the differential, yet it remains lengthy. Possi-
ble diagnoses in this case include gastroesophageal reflux disease, peptic ulcer
disease, biliary colic, chronic cholecystitis, chronic pancreatitis, partial small
bowel obstruction, tumor, chronic mesenteric ischemia, and mesenteric venous
thrombosis.

CT scanning has become an important part of the evaluation of abdominal
pain. Initial diagnostic impressions based solely on clinical findings are changed
by the CT scan nearly one third of the time; post-CT scan diagnoses are correct
92% to 95% of the time compared to 50% to 71% of pre-CT scan diagnoses. The
addition of intravenous contrast to a CT scan of the abdomen and pelvis aids in
the diagnosis of venous thrombosis, aneurysms, bowel ischemia, and bleeding. 
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� CT Scan
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Figure 71-1

Figure 71-2

CT Scan Report

The CT scan reveals mesenteric venous thrombosis (MVT Fig. 71-1). There is
mesenteric stranding and a filling defect in the superior mesenteric vein ringed
with contrast (arrow) (Fig.71-2).

Discussion
The diagnosis of MVT depends upon visualization of the clot. Abdominal and
pelvic CT scans have the greatest accuracy for detecting thrombus in the large
mesenteric veins. In addition, associated confirmatory findings are also seen,
such as ascites, bowel wall thickening, stranding of the mesentery, pneumatosis,
or even portal venous air. Duplex ultrasound, mesenteric angiography with ve-
nous phase imaging, and magnetic resonance imaging (MRI) have also been
used to diagnose MVT, but with lower accuracy. Abdominal radiographs typi-
cally show nonspecific findings consistent with an ileus pattern or generalized
edema of the bowel wall. 

Recommendation

At this point, the patient has no signs of bowel infarction and no indications for
surgical exploration. The patient is admitted to the hospital for fluid resuscita-



tion, immediate anticoagulation with full-dose intravenous heparin, and serial
abdominal examinations. A hypercoagulability screen was sent prior to antico-
agulation. 

Case Continued

The patient’s abdominal pain improves, and he tolerates oral intake. He is tran-
sitioned to subcutaneous low-molecular-weight heparin and coumadin. Dis-
charge occurs 2 days later. At follow-up approximately 2 weeks later, the patient
is clinically well. His hypercoagulability screen revealed no abnormalities for
protein C, protein S, or antithrombin III. Mutations in the factor V and pro-
thrombin genes were absent. Lifelong anticoagulation is recommended.

Discussion
MVT is a broad term that includes thrombosis of the inferior mesenteric vein,
superior mesenteric vein, splenic vein, or portal vein. MVT is responsible for ap-
proximately 2% to 15% of all cases of acute intestinal ischemia. MVT obstructs
venous return, which can lead to edema of the bowel wall, distention, and even-
tual infarction. MVT is difficult to diagnose initially because of the typical insid-
ious onset and subtle early clinical findings. Early symptoms are produced by
congestion of the bowel and are visceral in character. Patients often present
with signs and symptoms that are nonspecific and vague, including crampy ab-
dominal pain, abdominal distention, nausea, anorexia, malaise, ascites, diar-
rhea, gastrointestinal bleeding, and pain out of proportion to examination.
About half of patients will have leukocytosis; an elevated lactate is unusual. De-
lays in diagnosis are common and contribute to the reported high morbidity
and 15% to 40% mortality.

The traditional separation of MVT into primary or secondary categories is
arbitrary. All patients with MVT should be regarded as harboring a hypercoagu-
lable state. The hypercoagulability may be endogenous and related to a defined
abnormality in the coagulation system (eg, protein C deficiency, protein S defi-
ciency, antithrombin deficiency, antiphospholipid antibody syndrome, lupus
anticoagulant, factor V Leiden, prothrombin gene mutation). Alternatively, the
hypercoagulable state producing MVT may result from other processes, such as
intra-abdominal inflammation (pancreatitis, diverticular disease, peritonitis, ap-
pendicitis), trauma, portal hypertension, intra-abdominal or hematologic malig-
nancy, polycythemia vera, myeloproliferative disorders, splenomegaly, oral con-
traceptives, cirrhosis, or even severe dehydration.

It is more relevant clinically to categorize MVT on the basis of duration of
symptoms as well as whether portal or splenic vein thrombus is present. MVT
can present acutely with a more fulminant course lasting only days or as a
chronic condition (arbitrarily defined as lasting at least 4 weeks). Acute MVT
more often results from small mesenteric vein branch involvement, and is more
difficult to diagnose with CT scanning or duplex ultrasound because the larger
mesenteric veins may not contain thrombus. These patients have poor venous
collateralization and are more likely to have peritoneal signs on examination in-
dicating bowel infarction. Acute MVT is often first recognized intraoperatively.
A clear majority of patients with acute MVT will require an operation and prob-
able bowel resection. Acute MVT has been more often associated with a throm-
bophilic complication than the chronic form. 

Patients with chronic MVT often have symptoms lasting weeks, involve-
ment of larger vessels (focal thrombus at the portomesenteric confluence or
splenic vein), and are usually diagnosed with a CT scan (or possibly a duplex
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scan) identifying the large-vessel thrombus as well as collateral circulation.
When compared to acute MVT, these patients are more likely to have thrombo-
sis related to a postoperative complication or cirrhosis. These patients rarely
need an operation and almost never require a bowel resection. The Mayo Clinic
experience suggests that patients with acute MVT fare worse than patients with
chronic MVT. Mortality in acute MVT is higher at both 30 days (approximately
30% versus 6%) and 3 years (64% versus 17%). 

� Surgical Approach

Patients with suspected MVT and an abdominal examination with peritonitis
should go to the operating room. Intraoperatively, the surgeon may find bloody
ascites, and dusky, thick, and rubbery appearing intestine. All patients should be
anticoagulated as soon as possible once the diagnosis of MVT is made, even in-
traoperatively. If necrotic bowel is identified, resection should be performed.
The surgeon must then decide if a second-look laparotomy should be scheduled
for 24 to 48 hours to re-evaluate areas of questionable bowel viability. Addi-
tional bowel resections at second-look procedures are common. 

Very rarely, a large-vessel venous thrombectomy or local thrombolysis may
be indicated. However, there are only isolated case reports of success. Mechani-
cal thrombectomy should be reserved for patients who do not respond to other
therapies. It is not surprising that such treatment is often futile, because the pa-
tients most likely to need surgery are those with small-vessel involvement.

Patients diagnosed with MVT, but without peritonitis, should be admitted
to the hospital for fluid resuscitation and anticoagulation. These patients should
be closely observed for the development of peritoneal signs, which should then
prompt exploratory laparotomy, but there is no benefit to surgery without signs
of peritonitis. 

Complications associated with MVT include bowel necrosis, portal hyper-
tension, variceal bleeding, and recurrent thrombosis. Indefinite (ie, lifelong)
anticoagulation is often recommended because patients so treated have a lower
recurrence rate and better survival. However, if the cause of the MVT is clearly
identified and temporary, it may be reasonable to discontinue the anticoagula-
tion after 3 to 6 months. Individualized therapy is advised. The patient in this
scenario was anticoagulated indefinitely because of the idiopathic nature of
his MVT; it is presumed that he has a hypercoagulable state even though it is
undefined.

Summary

Mesenteric venous thrombosis is difficult to diagnose secondary to the vague
presenting symptoms. The high morbidity and mortality is related to a delay in
diagnosis. A high index of suspicion and liberal use of CT scanning in patients
with abdominal pain may shorten this delay. It is useful to categorize patients
based on duration of symptoms and isolated large mesenteric vein involvement.
All patients with MVT should be anticoagulated as soon as possible after the di-
agnosis is made. Patients should be operated upon selectively, based on clinical
findings that suggest bowel infarction. All patients with MVT should be re-
garded as hypercoagulable. Because of lower rates of recurrent MVT and better
survival, indefinite anticoagulation is usually recommended. 
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Presentation

A 33-year-old grand multiparous woman with a past medical history significant
for acute cholecystitis treated by laparoscopic cholecystectomy 3 years ago, and
7 previous vaginal deliveries, presented to the emergency department with non-
productive cough and shortness of breath. She has no prior history of pul-
monary disorders. Social history was negative for tobacco and alcohol use. On
physical examination, lung fields were clear to auscultation bilaterally. Review
of systems was negative for any other pathology. She received a pregnancy test,
which was negative, and a chest radiograph, which showed no acute cardiopul-
monary disease. She was sent home and given symptomatic treatment for a viral
upper respiratory infection. She now presents to your office 2 weeks later for
evaluation of additional findings on chest radiograph suggestive of additional
pathology.

� Chest X-Ray
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Chest X-Ray Report

Posteroanterior (PA) and lateral chest x-ray demonstrating no acute cardiopul-
monary disease. Cholecystectomy clips in right upper quadrant. A 2.5-cm calci-
fication is noted in left upper quadrant (arrow) (Fig. 72-1). 

Differential Diagnosis

The differential diagnosis for left upper quadrant calcifications include (1) calci-
fications due to splenic artery aneurysm (SAA), (2) opportunistic infections,
such as cytomegalovirus, Pneumocystis carinii, or Mycobacterium avium-intracellu-
lare, (3) hemoglobinopathies, such as beta-thalassemia and sickle cell anemia, or
(4) lymphoma. Mesenteric lymph node calcifications would suggest lymphoma.
Given the patient’s multiparous history without signs of lymphoma or risk for
opportunistic infections, the most likely diagnosis is a SAA.

Discussion
The incidence of SAA is approximately 0.78% in the United States. Because the
splenic artery likely has inherent structural abnormalities along with disconti-
nuity of the internal elastic lamina at branching points, aneurysms of the
splenic artery constitute 60% of all splanchnic artery aneurysms. Unlike other
aneurysms, which occur more often in men, SAA has a 4:1 female:male ratio,
probably associated with its main risk factors applying to women. The 3 main
risk factors for SAA are (1) medial fibrodysplasia (4% of these patients develop
SAA), (2) grand multiparity (45% of SAA patients are grand multiparous
women), and (3) portal hypertension with splenomegaly (10% of these patients
develop SAA). In medial fibrodysplasia, the mechanism is likely medial degener-
ation with fibrotic and atherosclerotic changes resulting in mural outpouchings
in the vessel. Patients with this disorder have 6 times the normal risk of devel-
oping SAA. Grand multiparity (average of 4.5 pregnancies, often more than 6)
poses a risk due to increased splenic blood flow during pregnancy, as well as
high levels of gonadal hormones that alter the integrity of the extracellular ma-
trix. In portal hypertension with splenomegaly, increased production of hor-
mones, such as estrogen, with cirrhosis and increased blood flow through
splenic circulation, leads to SAA development. Other risk factors for developing
SAA include inflammatory vessel changes that occur in the setting of chronic
pancreatitis and pseudocyst formation or gastric ulcers, trauma to the splenic
artery, systemic vasculitic disorders, such as polyarteritis nodosa, congenital
anomalies of foregut arterial circulation, and mycotic infections. 

The main symptoms of intact SAA include nausea, vomiting, and vague left
upper quadrant abdominal pain or epigastic discomfort that radiates to the left
scapular area. This pain can become considerably worse with acute expansion of
the aneurysm. Abdominal tenderness on physical examination may be noted.
Rarely, an abdominal bruit may be heard or a pulsatile mass felt if the aneurysm
is larger than 2 cm. Despite these symptoms, SAA often goes unnoticed because
epigastric symptoms may mimic gastroesophageal reflux disease, peptic ulcer
disease, gastritis, pancreatitis, or cholecystic disorders. In addition, most cases of
SAA are asymptomatic and are discovered incidentally on radiographic studies
done for other purposes. On abdominal x-rays, left upper quadrant signet-ring
calcifications are a nonspecific sign suggestive of SAA. Computed tomography
(CT) scans, magnetic resonance imaging, and ultrasound (US) can often identify
aneurysms and detect whether the lesions are actively bleeding. US with color
Doppler can also be useful to differentiate cystic and solid lesions from
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aneurysms. Despite the usefulness of these other studies, selective celiac arteri-
ography is necessary to confirm the diagnosis.

Recommendations

Given the likelihood that the patient has SAA, a selective celiac arteriogram is
indicated. In addition, although improbable without evidence of constitutional
symptoms or signs of infection, obtaining a complete blood count with differ-
ential is indicated to rule out infection or lymphoma as a cause of the calcifica-
tions.

Case Continued

The patient had a complete blood count that was within normal limits, and the
following CT scan and arteriogram.

� CT Scan
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Figure 72-2

CT Scan Report

Calcified SAA measuring 2.8 � 3.1 cm located distal to pancreatic tail (arrow)
(Fig. 72-2).



� Arteriogram
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Figure 72-3

Arteriogram Report

Calcified 2.8-cm SAA, which originates distal to the pancreatic tail without in-
volvement of the splenic hilum (Fig. 72-3). 

Diagnosis

Splenic artery aneurysm

Discussion
With the diagnosis of asymptomatic SAA, decisions must be made regarding
treatment. The purpose of treatment is to prevent the deadly consequences of
rupture. Risk of rupture includes aneurysms larger than 2 cm, pregnant patients
(95% of those recognized during pregnancy have ruptured), and patients who
have had orthotopic liver transplants. As previously suggested, however, rupture
risk is not associated with age, hypertension, or the absence of calcifications in
the aneurysm. Therefore, it is recommended that all symptomatic aneurysms be
repaired because the risk of rupture is greatest in those patients. In addition,
asymptomatic pregnant patients as well as patients of childbearing age should
undergo aneurysm repair to avoid the risk of rupture during pregnancy. This is
especially crucial because the maternal mortality following rupture is 75% and
fetal mortality is 95%. In all other patients, data suggest that the risk of rupture
in the general population is only 2%, and that the nonpregnant operative mor-
tality is less than 25%. Therefore, the patient’s past medical history and risk as-
sociated with undergoing operation must be weighed against the risk of rupture.
In patients who have a high operative mortality risk, close follow-up with US or
CT scans can be initiated. In addition, transcatheter embolization of the
aneurysm also offers an option for repair in some patients at high operative risk.

Recommendations

Given that the patient is asymptomatic and of childbearing age, an elective re-
pair is scheduled at a time convenient for the patient.



Case Continued

About 2 weeks prior to scheduled SAA repair, the patient develops acute onset of
left upper quadrant abdominal pain that radiates to her left scapular area, along
with nausea and vomiting. Upon presentation to the emergency department,
she was hypotensive and tachycardic initially, but then quickly stabilized fol-
lowing 2 liters of IV fluid. 

Discussion
The most probable cause of the patient’s new onset of symptoms is an acute
rupture of the preexisting SAA. This is demonstrated by symptoms suggestive of
acute expansion of the aneurysm, as well as hypotension and tachycardia sug-
gesting hemorrhage. The patient’s stabilization in the setting of rupture is likely
due to what is deemed the “double rupture” sign. In SAA, patients initially rup-
ture into the lesser sac and experience brief tachycardia and hypotension. While
the blood is contained in the lesser sac, it serves to tamponade the vessel and
stop bleeding. With time, however, the blood will escape out of the lesser sac
through the foramen of Winslow, and flow freely into the peritoneum. At this
point, patients lose massive amounts of blood and experience hypovolemic
shock and cardiovascular collapse. Urgent operative therapy is indicated for he-
mostatic control and is critical at this point for the patient’s survival.

Other manifestations of rupture can occur in the setting of SAA associated
with portal hypertension and inflammatory conditions, such as pancreatitis and
gastric ulcers. In the case of portal hypertension, an arteriovenous fistula can oc-
cur between the aneurysm and the splenic vein. In the case of inflammatory dis-
orders, patients can experience gastrointestinal bleeding instead of peritoneal
bleeding, with an arterioenteric fistula between the SAA and gastric ulcer. In ad-
dition, pancreatic duct bleeding may occur in the setting of chronic pancreatitis
and SAA with arterio-pseudocyst-fistula formation.

Recommendations

Based on the likelihood that the patient has experienced an initial SAA rupture
now contained in the lesser sac, it is critical to repair the ruptured aneurysm im-
mediately to prevent further bleeding. Therefore, it is recommended that the
patient undergo emergent exploratory laparotomy for ruptured SAA repair.

� Surgical Approach

Splenic artery aneurysms can be repaired through open or laparoscopic ap-
proaches. If an open procedure is selected, incisions may be made vertical mid-
line, left subcostal, extended right subcostal, bilateral subcostal, or transverse
epigastric. Depending on the location of the SAA, several different procedures
are indicated for the repair. If the aneurysm involves the proximal vessel, the
typical procedure involves gaining exposure through the lesser sac by excising
the gastrohepatic ligament, excising all entering and exiting vessels to the
aneurysm, and then ligating or excising the aneurysm without reconstruction.
This can be performed because the spleen has multiple collaterals for blood sup-
ply. If the aneurysm is located in the midsplenic artery area, it is likely associ-
ated with pancreatitis and erosion of a pseudocyst into the splenic artery. In this
situation, exposure is gained through a Kocher maneuver to gain a retroperi-
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toneal view. Then, proximal arterial ligation is achieved by going through the
aneurysmal sac. The use of monofilament suture in the setting of pancreatic in-
fection is necessary to avoid spreading infection. The pseudocyst is then incised
and left to drain. If the pseudocyst and aneurysm involve the distal body or tail
of the pancreas, a distal pancreatectomy and splenectomy may be performed.
Finally, and most importantly for the case presented, aneurysms occurring at
the hilum of the spleen are repaired in two ways. The first involves excision via
splenectomy. More commonly, after splenic mobilization, suture obliteration of
aneurysms or excision of distal aneurysms is performed to reduce the immuno-
compromise associated with splenectomy. However, this surgery can be compli-
cated by segmental splenic infarction.

Case Continued

The patient is taken to the operating room is taken operating room for ex-
ploratory laparotomy and repair of SAA. A ruptured distal splenic artery
aneurysm was noted. In the operating room, due to anatomic difficulties, a
splenectomy was performed as part of the repair.

Discussion
The spleen is an important organ in the immune system. Following splenec-
tomy, due to decreased ability to opsonize encapsulated organisms and subnor-
mal levels of antibodies, patients are at increased risk for postoperative infec-
tions and postsplenectomy sepsis within the first 2 years, especially if they have
preexisting hematologic abnormalities. In the current patient, given a negative
hematologic history, her risk of serious postsplenectomy sepsis is less than 1%
over 2 years. Although the patient has a low risk, she should be given Pneumo-
coccal and Haemophilus influenza vaccines. With these measures, it is unlikely
that the patient will experience serious complications from splenectomy.

Case Continued

The patient recovered well from surgery and remained in the hospital for 7 days
without signs or symptoms of infection. She was followed regularly for 2 years
without complications.
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Presentation

A 68-year-old woman with a long-standing history of hypertension, apparently
well controlled until 3 months ago, is admitted to the hospital with worsening
renal function. Her blood pressure is 193/72 mm Hg. She is compliant with her
four-drug antihypertensive regimen. Her physical examination is unremarkable.
She has a serum creatinine level of 3.0 mg/dL.

Differential Diagnosis

The most common cause of elevated blood pressure despite previously well-con-
trolled hypertension is progressive vascular disease and noncompliance with
medications. The differential diagnosis for surgical causes of hypertension
includes renovascular hypertension, pheochromocytoma, Conn’s syndrome
(aldosterone-secreting adenoma), Cushing syndrome, and coarctation of the
aorta. 

Discussion
Renovascular hypertension (RVH) is believed to account for 2% to 10% of all hy-
pertensive patients. The prevalence of RVH is increased in certain subgroups
that merit further investigation. RVH should be suspected in patients with hy-
pertension that is severe, refractory to multidrug therapy, or associated with re-
nal dysfunction. Hypertension that presents at the extremes of age should be
suspected of having a renovascular origin.

On examination, an abdominal or flank bruit may be heard. Other potential
findings include retinopathy, unexplained hypokalemia, or a history of conges-
tive heart failure or pulmonary edema. No single feature or test is diagnostic for
RVH. However, in those patients with the above findings, a noninvasive assess-
ment of the renal vasculature is warranted. 

Renal duplex ultrasonography has emerged as a screening tool for renal
artery stenosis (RAS). Renal artery peak systolic velocities (RA-PSV) correlate
with the degree of RAS found on angiography. A focal RA-PSV less than 2.0 m/s
is associated with stenosis less than 60% on angiography. In contrast, a focal
RA-PSV greater than 2.0 m/s is associated with stenosis greater than 60% on
angiography. 

Renal Duplex Sonography Results

Renal duplex sonography of the patient’s left renal artery demonstrates RA-PSV
of 3.77 m/s proximal, 0.74 m/s mid, and 0.25 m/s in the distal renal artery.
Right renal artery is occluded. Left kidney measures 12.0 cm in length, and the
right kidney measures 5.5 cm in length.

Omar Araïm, MD, and Seth W. Wolk, MD



Discussion
In some centers, renal arteriography is used routinely as an initial screening
modality for hypertensive individuals who are clinically suspected of having
RAS. In this patient with renal dysfunction, sonography was chosen as the ini-
tial imaging modality. Depending on available expertise, other modalities are
used in the diagnostic evaluation of RAS, such as renal scintigraphy, magnetic
resonance angiography, and spiral computed tomographic (CT) angiography.
The presence of a hemodynamically significant lesion on ultrasound mandates
the use of renal arteriography to fully evaluate the lesion. 

� Renal Arteriography
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Figure 73-1

Renal Arteriography Report

Selective renal artery catheterization with arteriography shows a left renal artery
stenosis greater than 95%. An occlusion of the right renal artery without evi-
dence of reconstitution is demonstrated. 

Discussion
In patients with hypertension and RAS diagnosed by angiography, the deci-

sion to proceed with surgical intervention is based on multiple factors: age,
severity of hypertension, medical comorbidities, and presence of ischemic
nephropathy. In certain cases, functional studies may be useful in determining
the physiologic significance of RAS. Renal vein renin assays (RVRA) can be used
to evaluate the functional significance of lesions found by arteriography, but are
not routinely available. The physiologic basis for RVRA is as follows: Patients
with RVH and unilateral RAS demonstrate hypersecretion of renin from the is-
chemic kidney and suppression of renin from the normal kidney. Almost 90%
of these patients can be predicted to benefit from renal revascularization. How-
ever, many patients have bilateral lesions, and in those cases the diagnostic
value of RVRA is limited. As many as 50% of patients with nonlateralizing RVRA
have been shown to benefit from revascularization. Thus, patients who could
potentially benefit may be excluded from consideration for treatment. 



Diagnosis and Recommendations

The options for renal revascularization include percutaneous angioplasty or sur-
gical revascularization in patients with RAS and RVH refractory to medical man-
agement. In this patient, the decision is made to proceed with surgical revascu-
larization of the left kidney and concomitant right nephrectomy. An aorto-left
renal bypass using 6-mm Dacron is performed to revascularize the left kidney.

� Surgical Approach

Multiple surgical options are available to revascularize the kidney, including
aortorenal bypass, extra-anatomic bypass, endarterectomy, and reimplantation.
A transperitoneal approach utilizing either left or right medial visceral rotation
provides adequate exposure of the appropriate renal hilum.

Aortorenal Bypass

Aortorenal bypass using autogenous saphenous vein graft (SVG) is the most
common surgical method of treatment for RVH in adults. This technique pro-
vides an anatomic reconstruction of renal arterial flow. Alternate choices for
conduit include both polytetrafluoroethylene (PTFE) and Dacron. In pediatric
patients, hypogastric artery or prosthetic conduits are routinely used, because
saphenous vein conduits may undergo aneurysmal degeneration. In patients
with atherosclerosis of the abdominal aorta, aortorenal bypass is technically dif-
ficult and has a risk of embolic complications.

Extra-anatomic Bypass

The hepatic, splenic, and iliac arteries, as well as the thoracic aorta, can be used
as bypass conduits to revascularize the renal arteries. Nonanatomic renal artery
bypasses are used to avoid cross clamping the aorta in the presence of signifi-
cant abdominal aortic or systemic disease. When using one of its tributaries, the
patency of the celiac artery must be confirmed by the preoperative arteriogram.
A common hepatic artery to right renal artery bypass may be constructed using
SVG; however, in patients with left RAS, a direct splenic artery to left renal
artery anastomosis is used.

Thromboendarterectomy

This technique is limited to patients with atherosclerotic RAS. Thromboen-
darterectomy is often combined with operative treatment for aortic aneurysm
or aortoiliac occlusive disease. Thromboendarterectomy is frequently performed
via an axial aortotomy extending from the superior mesenteric artery to the in-
frarenal aorta. This approach is often used because it enables the treatment of
bilateral renal artery lesions simultaneously, as well as allowing for access to the
superior mesenteric and celiac arteries.

Nephrectomy

In a minority of patients with RVH, the affected kidney has non-reconstructible
vessels and contributes only minimally to excretory function. In those patients,
nephrectomy is a reasonable option because it can benefit the patient in con-
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trolling hypertension, while not significantly affecting excretory function over-
all. The general reluctance to use this approach is based on the fact that about
one of three patients with RAS secondary to atherosclerosis will develop lesions
in the contralateral kidney. Nephrectomy should not be done in patients with a
reasonably sized kidney in lieu of renal artery exploration for bypass. 

Case Continued

The patient does well in the initial postoperative period with marked improve-
ment in her blood pressure parameters. However, on postoperative day 3, the
patient develops severe hypertension, with normal urine output. Her serum cre-
atinine is 1.9 mg/dL.

� Renal Arteriography
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Figure 73-2

Renal Arteriography Results

Aortogram demonstrates a patent aortorenal bypass graft, with widely patent
proximal and distal anastomoses. No nephrogram is visualized on the right con-
sistent with a nephrectomy. 

Diagnosis

The patient has essential hypertension. 

Recommendation

The patient is started on oral antihypertensive medication. She is sent home on
a two-drug antihypertensive regimen, with blood pressure of 138/72 mm Hg at
discharge, and a serum creatinine of 2.2 mg/dL.



Discussion
The large majority of hypertensive individuals in the United States have essen-
tial hypertension. However, RVH accounts for a higher percentage of patients
with severe hypertension. 

The concerns regarding surgical treatment of RVH are based on the opera-
tive risk, technical difficulties, and the rate of “unfavorable” blood pressure re-
sponse after the operation. Several studies report a favorable blood pressure re-
sponse in 85% to 90% of patients operated on for renovascular hypertension.
However, studies have also shown a mortality rate with surgically treated ather-
osclerotic RAS of 20% to 25% at 5 years. The most common causes of death are
myocardial infarction, stroke, and malignancy. The increased long-term mortal-
ity rate reflects the multiple comorbidities of patients with atherosclerotic RAS.
However, it also reinforces the need for careful selection of patients for renal
revascularization. 

Because of the prevalence of essential hypertension and its coexistence with
RAS, some patients should be expected to remain hypertensive after renal revas-
cularization. In those patients, the definitive diagnosis is made only after opera-
tion. Patients with underlying significant essential hypertension should not ex-
pect a cure after renal revascularization. In patients with coexisting RVH and
essential hypertension, improvement in hypertension, rather than its complete
elimination, is the goal. The health risks of hypertension are directly related to
its severity. As such, if the ultimate result is better blood pressure control after
surgery than before (with or without medication), the patient should be ex-
pected to derive a clinical benefit from the operation, as well as have a poten-
tially more protected renal mass, which may not have been the case without
revascularization.
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Presentation

A 65-year-old man with a history of coronary artery disease and a previous left
carotid endarterectomy now presents with a blood pressure of 200/110 mm Hg.
He has a 90 pack-year history of tobacco use. He did not have problems with his
blood pressure until about two 2 months ago. His primary care physician started
him on a moderate dose of a beta-blocker and a diuretic. An angiotensin-con-
verting enzyme (ACE) inhibitor was later added, and his creatinine increased
from 1.0 to 1.7 mg/dL. A renal artery duplex scan is obtained.

Duplex Scan Results

Aortic peak systolic velocity (PSV): 51 cm/s; right renal artery PSV: 516 cm/s; left
renal artery: 75 cm/s; aortic PSV/right renal artery PSV ratio: 10. Interpretation:
greater than 60% right renal artery stenosis, less than 60% left renal artery
stenosis.

Differential Diagnosis

Essential hypertension is the cause of hypertension in more than 95% of cases.
However, in patients with recent-onset severe (greater than 200 mm Hg systolic
and/or greater than 100 mm Hg diastolic) hypertension, a renovascular or surgi-
cal etiology should be suspected. In the current case, this diagnosis is supported
by the patient’s significant past history of peripheral and coronary artery disease
and acute deterioration of renal function after administration of an ACE
inhibitor.

Discussion
Renovascular hypertension is due to atherosclerosis in more than 90% of cases.
Fibromuscular dysplasia (FMD) and other vascular pathologies account for the
remainder. Atherosclerotic plaque occurs mostly at the ostium and within the
proximal 1 cm of the renal artery, and represents aortic plaque spillover. 

Renal artery stenosis can be detected using duplex ultrasound. A renal artery
PSV to aortic PSV ratio greater than 3.5 is 95% sensitive for stenosis greater than
60%. Gadolinium-enhanced magnetic resonance angiography (MRA) can also
be used to detect RAS, but is dependent on operator technique, and at times
may overestimate the degree of stenosis (sensitivity 93% to 100%, specificity
88% to 95%; for stenosis greater than 50%). Conventional contrast angiography
remains the gold standard. A stenosis greater than 75% diameter is usually con-
sidered clinically significant. During angiography, a pressure gradient across the
stenosis can be measured and therapeutic interventions performed at the time
of the diagnosis.
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Recommendation

Endovascular therapy for renovascular hypertension.

Discussion
Predictors for success after endovascular therapy for renal artery stenosis are
similar to those after surgical revascularization. They include (1) recent-onset
hypertension or deterioration of previously well-controlled hypertension in the
setting of unilateral renal artery stenosis; and (2) renal insufficiency with con-
comitant severe hypertension and bilateral renal artery stenosis.

Renal artery intervention for patients with anatomic stenosis but well-con-
trolled hypertension with less than three drugs is without clinical benefit. In gen-
eral, after a technically successful renal artery intervention, 10% of patients will
be “cured” (normal blood pressure on no medications), 60% will improve (require
either fewer medications, reduced doses, or have better blood pressure control),
and 30% will remain unchanged. This rate is similar to open surgical series. 

Renal artery stenting is better than angioplasty alone for the treatment of
orificial atherosclerotic RAS. Technical success (residual stenosis less than 10%)
is greater than 95% with restenosis rates of 10% to 20% at 1 year. Percutaneous
transluminal angioplasty (PTA) alone has a lower technical success rate and
higher restenosis rates (60% at 1 year). However, PTA is preferred in patients
with FMD and non-ostial lesions where selective stenting can be performed for
PTA failures, such as recoil and dissection. For FMD, PTA alone enjoys technical
success rates greater than 90% and long-term cure rates greater than 50%. For
both types of interventions, complications are mostly related to the puncture
site, such as hematomas and pseudoaneurysms, and occur in 2% to 12% of pa-
tients. Other complications include renal artery dissections, parenchymal perfo-
rations, and contrast nephropathy.

Renal Artery Stenting for Ischemic Nephropathy

There have been reports of hemodialysis-dependent patients with RAS recover-
ing their renal function after renal artery intervention. This is distinctly un-
usual. Several uncontrolled studies have evaluated patients with renal insuffi-
ciency after renal artery stenting performed for ischemic nephropathy. As in
renovascular hypertension, only 15% to 25% showed any clinical improvement
in their renal function and most either remained the same or continue to
worsen. Predictors of clinical improvement after renal intervention for ischemic
nephropathy include: (1) bilateral renal artery stenosis or unilateral stenosis in a
solitary or lone-functioning kidney (greater than 8 cm in length by ultrasound);
(2) rapid and recent (within 6 months) deterioration in renal function; (3) se-
vere hypertension; and (4) low parenchymal arteriolar resistance by duplex
assessment.

Conversely, those without significant hypertension, with unilateral renal
artery stenosis and a patent contralateral renal artery, or long-standing renal
dysfunction are unlikely to benefit from any intervention, because they proba-
bly have parenchymal arteriolar disease.

� Surgical Approach

Although renal artery interventions may be performed from either the femoral
or brachial approach, the femoral approach is preferred in most situations. Ret-
rograde femoral access is obtained using a micropuncture needle (21 gauge) and
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a Seldinger technique, and a short 6F introducer sheath is inserted over a 0.035-
inch guide wire. An angiographic catheter is advanced to the L1 vertebral body
and a flush aortogram is performed (Fig. 74-1). After confirmation of a culprit le-
sion, intravenous heparin bolus (5000 IU) is given. A variety of selective catheter
options are available. You select a shepherd’s hook or Cobra-type catheter, and
engage the renal artery orifice. A guide wire is used carefully to cross the lesion,
and the selective catheter is exchanged for a guide catheter, which is advanced to
the renal artery origin. A selective arteriogram is performed (Fig. 74-2) and the le-
sion predilated with a 4 × 20-mm balloon. The guide catheter is advanced over
the balloon beyond the stenosis, and a 6- or 5.5-mm (diameter) × 15- or 18-mm
(length) balloon-expandable stent is delivered to the site of the stenosis through
the guide catheter; the guide catheter is retracted, and the stent is deployed. A
completion angiogram is performed (Fig. 74-3).
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Figure 74-1. Flush aortogram using a Sos Omni angiographic catheter
demonstrates an 80% right renal artery stenosis.

Figure 74-2. Figure 74-3.

Selective right renal arteriogram Selective catherization of right renal artery orifice (Fig. 74-2). Comple-
tion angiogram after right renal artery stent deployment (Fig. 74-3).



Discussion 
The renal arteries are usually located at the L1-L2 disk space, and it is best to per-
form an initial aortogram to identify accessory renals or aortic disease that may
affect the intervention. A guide catheter is a relatively large-lumen catheter that
has several preformed shapes, and serves to lend support to wires, facilitate de-
livery of balloons and stents, and enable interval angiograms during an inter-
vention.

Renal interventions can be difficult because of the proximity of the end or-
gan to the lesion, which limits the length of wire “purchase” into the artery.
Constant vigilance and meticulous technique is required to prevent inadvertent
loss of guidewire access across the lesion during multiple catheter exchanges.
Conversely, if the wire is pushed too far distally, it can cause arterial and
parenchymal perforation and lead to massive subcapsular or retroperitoneal he-
morrhage, and even to loss of the kidney.

Case Continued

The patient is admitted for overnight observation and gentle hydration and to
monitor his blood pressure and urine output following renal artery stent place-
ment. Antiplatelet therapy is started immediately in the recovery room with
clopidogrel (Plavix) 150 mg orally, which is adjusted the following day to 75
mg/d for 30 days; the patient is later switched to aspirin 325 mg/d.

The patient’s serum creatinine returns to baseline the next morning and his
systolic blood pressure decreases to 120 to 140 mm Hg. The patient is dis-
charged with instructions to maintain a diary of his blood pressure at home
twice a day and consult his primary care physician regarding adjustments to
his antihypertensive regimen. He is followed up at 1 month for a review of
his serial blood pressures recorded over the previous month, a repeat serum
creatinine, and a renal artery duplex scan. Lifelong outpatient follow-up with a
renal duplex scan is repeated at 6-month intervals to look for early signs
of restenosis. 

Discussion
Clinical signs of restenosis include recurrent hypertension, rising creatinine,
and elevated renal artery velocities on duplex scan. Endovascular therapy for re-
current stenosis is technically similar to treatment of de novo stenosis, with re-
peat stenting performed only selectively for angioplasty failures. Although con-
troversial, after 2 re-interventions for recurrent stenosis, the patient should be
considered for a surgical revascularization. This can be technically challenging
in the setting of a stented renal artery.
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Presentation

A 66-year-old man presents for evaluation of an abdominal aortic aneurysm
(AAA) noted incidentally on routine computed tomography (CT) of the ab-
domen. His past medical history is remarkable for hypercholesterolemia, poorly
controlled hypertension, and renal insufficiency (serum creatinine 1.9 gm/dL).
The patient denies abdominal or back pain and has no history of coronary
artery disease, peripheral arterial occlusive disease, diabetes mellitus, or chronic
obstructive pulmonary disease. He admits to a 25 pack-year history of cigarette
smoking. His medications include a recently prescribed angiotensin-converting
enzyme (ACE) inhibitor in addition to the calcium channel blocker and beta-
blocker that he has taken chronically for hypertension. On physical examina-
tion, his blood pressure is 170/95 mm Hg in both upper extremities. Heart
rhythm is regular at 72 beats per minute. Cardiac examination is remarkable
only for a faint S4 gallop. Lungs are clear to auscultation bilaterally. The ab-
domen is soft with an expansile epigastric mass. Peripheral pulses are easily pal-
pable and symmetric in the upper and lower extremities bilaterally.

� CT Scan 

Figure 75-1

CT Scan Report

CT scan reveals a 5.7 × 4.9 cm infrarenal AAA. No other abnormalities are found.

Kamran Indrees, MD, and Charles J. Shanley, MD FACS
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Differential Diagnosis

The differential diagnosis for accelerated or poorly controlled hypertension in
older adults is quite extensive. In addition to essential hypertension (the most
common cause), a variety of endocrinopathies (pheochromocytoma, hyperal-
dosteronism, and hypercortisolism) should be considered and excluded with ap-
propriate imaging studies and biochemical testing. 

Clearly, in this patient with a history of AAA, hypercholesterolemia, and
long-standing tobacco use, it is important to exclude hemodynamically signifi-
cant atherosclerotic renal artery occlusive disease as a causative or aggravating
factor for his poorly controlled hypertension and renal insufficiency. 

Discussion
The optimal management of concomitant renal artery occlusive disease in pa-
tients undergoing elective aortic reconstruction remains a challenge. The preva-
lence of renovascular hypertension in the general population is approximately
3%, but the prevalence increases to approximately 50% in severely hypertensive
adults over 60 years of age, and is even higher (greater than 70%) in patients
with documented renal insufficiency. The vascular surgeon must maintain a
high index of suspicion for concomitant renal artery occlusive disease in any el-
derly patient presenting with aortic aneurysm or occlusive disease. 

In “good risk” patients, there appears to be reasonable consensus that staged
or concomitant renal revascularization should be considered for patients with
uncontrolled or poorly controlled hypertension, especially in the context of
progressive deterioration in renal excretory function. In contrast, the optimal
management of concomitant asymptomatic renal artery occlusive disease in pa-
tients with “reasonably well-controlled” hypertension and “relatively normal
renal function” continues to be as controversial as it is common. This contro-
versy promises to continue (if not escalate) in the coming decade with the ad-
vent of increasingly sophisticated catheter-based approaches to renal artery ath-
erosclerotic disease. 

Currently, little prospective evidence exists upon which to base decision-
making in patients undergoing aortic reconstruction with concomitant renal
artery stenoses. Most published series suggest that experienced vascular sur-
geons can perform combined procedures safely in selected patients. The more
important question from the standpoint of the individual patient is whether a
significant benefit can be expected in exchange for the incremental risk associ-
ated with a procedure of greater magnitude. 

In patients undergoing arteriography for aortic atherosclerosis, the inci-
dence of renal artery stenoses greater than 50% (ie, hemodynamically signifi-
cant) ranges from 30% to 40%. Moreover, natural history studies suggest that
anatomic progression occurs in up to 50% of untreated stenoses with a signifi-
cant incidence of occlusion at 5 years. Interestingly, available data does not sup-
port a clear association between anatomic progression and either worsening hy-
pertension or accelerated functional deterioration. A possible exception may be
patients with bilateral disease and documented reduction in renal size. In these
patients, progression appears to correlate with longitudinal worsening of renal
function. 

Screening studies to document the presence of hemodynamically significant
renal artery stenoses can be either functional or anatomic. Functional screening
studies include renal venous renin sampling and Captopril renography. After
sodium restriction and removal of beta-blockers, a positive study is indicated by
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a renal vein renin ratio at or greater than 1.5. Despite favorable reported results
in selected patients (sensitivity: 100%, specificity: 90%), these tests are expen-
sive, time consuming, and require considerable experience for accurate interpre-
tation. In addition, they are often less accurate in the presence of bilateral dis-
ease or in patients with documented renal insufficiency.

Noninvasive screening to document the presence of significant renal artery
occlusive disease includes duplex ultrasonography and gadolinium-enhanced
magnetic resonance angiography (MRA). Until relatively recently, the mainstay
of vascular imaging and diagnosis was conventional arteriography, with the at-
tendant risks of iatrogenic vascular injury and contrast-induced renal insuffi-
ciency. Duplex ultrasound is rapidly becoming the initial diagnostic modality of
choice owing to its availability, cost effectiveness, and safety when compared to
contrast arteriography. B-mode ultrasound provides important anatomic infor-
mation about aneurysm and kidney morphology as well as renal arterial
anatomy and plaque morphology. Spectral Doppler is used to detect turbulent
(nonlaminar) flow at sites of significant stenosis. In addition, peak systolic and
end-diastolic velocity determinations in conjunction with spectral waveform
analysis help to localize and determine the hemodynamic significance of ob-
structive lesions. Peak velocity measurements are obtained in the aorta as well as
the renal artery at the site of the stenosis, and are highly predictive of hemody-
namically significant stenoses. 

Recommendation

Renal duplex ultrasonography.

� Ultrasonography

Table 75-1. Comparison of right and left kidneys on renal duplex
ultrasonography.

Right Kidney Left Kidney

Size (cm) 9.1 8.2
PSV (cm/sec) 514 472 
RAR 9.2 8.4

Abbreviations: PSV, Peak systolic velocity; RAR, renal/aortic ratio
The PSV associated with significant renal artery stenosis increases relative to aortic PSV; therefore,
the ratio of velocities in the renal artery and aorta can be used as an index of severity of a renal
artery stenosis. A PSV greater than or equal to 180 cm/s and RAR greater than or equal to 3.5 is in-
dicative of greater than 60% stenosis of the renal artery.
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Figure 75-2

Ultrasound Report

Normal renal arteries typically show peak systolic velocity (PSV) values of less
than 180 cm/s. (Fig. 75-2) (A) Doppler of the proximal native aorta with PSV of
56 cm/s. (B) Doppler at origin of the right renal artery with PSV of 514 cm/s and
end-diastolic velocity (EDV) of 139 cm/s. (C) Doppler at origin of the left renal
artery with PSV of 492 cm/s and EDV of 201 cm/s.

Diagnosis

Infrarenal AAA with severe bilateral renal artery occlusive disease.

Discussion
The risk of fatal rupture in patients with infrarenal abdominal aortic aneurysm
increases exponentially as aneurysm size increases. Currently, elective repair

A

B

C
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should be considered to prevent fatal rupture in all patients with an infrarenal
AAA exceeding 5.5 cm in maximal diameter. The presence of poorly controlled
hypertension and renal insufficiency with duplex evidence of bilateral renal
artery occlusive disease suggests that consideration be given to concomitant re-
nal revascularization in this patient, assuming acceptable medical risk. In pa-
tients with no history or noninvasive evidence of peripheral, visceral, or renal
artery occlusive disease, it is probably reasonable to proceed directly to opera-
tive repair of a large aortic aneurysm on the basis of CT scan alone without fur-
ther vascular imaging. In contrast, detailed anatomic imaging is imperative for
preoperative planning of complex aortic reconstructions in combination with
renal or visceral revascularization.

MRA provides high-resolution, 3-dimensional vascular imaging in a rela-
tively short time with a high degree of sensitivity and specificity. MRA with
gadolinium enhancement can be used as a single imaging modality in surgical
management of renovascular disease in selected patients with significant
azotemia and/or pulmonary edema. As with MRA in other anatomic locations,
one must be cautious because renal MRA has the tendency to overestimate the
degree of stenosis. Limitations to MRA relate primarily to its expense and con-
founding artifacts (ie, signal drop-out due to turbulence, motion, surgical clips,
stents, and vascular prostheses). 

Contrast arteriography is still considered the “gold standard” of vascular
imaging owing to its superb anatomic detail. Limitations include cost, invasive-
ness, and the need for administration of both ionizing radiation and iodinated
contrast. Serious complications occur in less than 1% of patients. Contrast-in-
duced nephrotoxicity occurs in up to 11% of patients and increases in patients
with underlying renal insufficiency and diabetes. Efforts to reduce contrast
loads and ensure adequate hydration help to minimize this risk. In addition,
peri-procedural administration of N-acetyl cysteine (Mucomyst) has also been
shown to reduce the risks of contrast-induced nephropathy. Alternative contrast
agents, including intravenous gadolinium and CO2, minimize contrast-related
nephrotoxicity and allergic reactions at the expense of cost and reduced
anatomic detail. 

Recommendation

Abdominal aortography with bilateral selective renal arteriography.

� Abdominal Aortography

Figure 75-3



Aortography Report

Aortogram showing high-grade osteal stenosis (arrows) of both renal arteries, the
left more severe than the right. 

Discussion
In this patient, anatomic considerations preclude endovascular repair, and
therefore open repair is indicated. Options for management of the renal artery
stenoses include angioplasty with or without stent insertion, aortorenal or ex-
tra-anatomic bypass, and endarterectomy. 

A detailed discussion of catheter-based approaches to renal artery athero-
sclerotic disease is beyond the scope of this case. In general, when compared to
the results for fibromuscular disease in young adults, angioplasty for atheroscle-
rotic renal artery occlusive disease responds less favorably, has less durable long-
term results, and has higher rates of restenosis as compared to surgical renal
artery reconstruction. However, if the patient were a candidate for an endovas-
cular stent graft, then percutaneous transluminal angioplasty and stenting of
the renal artery would be adjunctive to the endovascular procedure. 

The most common approach to concomitant renal revascularization during
aortic surgery is aorto-renal bypass employing either autogenous vein or pros-
thetic graft conduits originating from the aortic prosthesis. Occasionally, in pa-
tients with highly redundant renal arteries, it may be possible to re-implant the
renal arteries into the aortic prosthesis in end-to-side fashion. Renal endarterec-
tomy has been used with excellent results in patients with aortoiliac occlusive
disease, but should be avoided in patients undergoing aortic aneurysm repair
owing to the frequently degenerated nature of the peri-renal aorta in these pa-
tients. Extra-anatomic bypasses (hepatorenal and splenorenal) are most com-
monly used in patients with isolated renovascular hypertension for whom aor-
tic cross clamping is either contraindicated or impossible.

For experienced vascular surgeons, the mortality risk for repair of an in-
frarenal abdominal aortic aneurysm with concomitant renal revascularization
should be less than 5%. Other complications include a 10% incidence of renal
failure, although this risk increases substantially in patients with underlying re-
nal insufficiency. Of patients that develop postoperative renal failure, approxi-
mately 50% will require dialysis. Assuming there are no complications, 70% to
80% of patients will experience improved control of their hypertension with
fewer medications.

Recommendation

Aortic interposition graft repair of abdominal aortic aneurysm with bilateral
aorto-renal bypasses.

� Surgical Approach

Given the magnitude of the surgical undertaking, patients undergoing concomi-
tant aortic and renal revascularization should undergo complete preoperative
cardiac evaluation. Intraoperative transesophageal echocardiography has also
proven useful in selected high-risk patients with decreased left ventricular
function. Intravenous mannitol is routinely administered prior to aortic cross
clamping as both an osmotic diuretic and free radical scavenger. In the senior
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author’s experience, cold perfusion is only necessary if prolonged renal ischemia
is anticipated.

Case Continued

The patient underwent transabdominal exploration via a transverse supraumbil-
ical laparotomy incision. This incision provides maximal exposure when bilat-
eral renal revascularization is contemplated. The abdominal aorta was exposed
from the base of the superior mesenteric artery to the iliac bifurcations. The
aneurysm extended to the origins of the renal arteries, precluding clamp place-
ment below the renal arteries. To minimize warm renal ischemia, 6-mm ex-
panded polytetrafluoroethylene side grafts were sutured in end-to-side fashion
to the body of the aortic prosthesis prior to cross clamping. The iliac vessels, re-
nal arteries, and suprarenal aorta were controlled. 

To minimize renal ischemia, a sequential clamping technique was used.
First, the proximal aortic anastomosis was constructed in end-to-end fashion at
the level of the renal arteries. Next, the proximal left main renal artery was su-
ture ligated and divided, and a spatulated end-to-end distal anastomosis was
constructed to the distal left main renal artery. At this point, flow was restored
to the left kidney. Subsequently, the proximal right main renal artery was simi-
larly ligated and divided, and a spatulated end-to-end distal anastomosis con-
structed to the right main renal artery. Flow was then restored to the right kid-
ney. Using this technique, total warm ischemia time was 24 minutes for left
kidney and 36 minutes for the right kidney. Adequate flow to both renal arteries
was confirmed using a continuous-wave hand-held Doppler. Finally, the distal
aortic anastomosis was performed in end-to-end fashion and flow was restored
to the lower extremities. The retroperitoneum and abdomen were closed after
ensuring hemostasis.

Postoperatively, the patient was monitored initially in the surgical intensive
care unit and begun on an antiplatelet agent. All antihypertensive medicines
were discontinued with the exception of a low-dose beta-blocker. Serum creati-
nine rose transiently to 2.1 mg/dL on postoperative day 2, and then gradually
decreased over the course of the next week to a new baseline of 1.4 mg/dL. The
patient was discharged on postoperative day 7. At his 6-month follow-up ap-
pointment, surveillance duplex ultrasound revealed bilateral patent aorto-renal
bypass grafts with no evidence of hemodynamically significant stenoses. The
patient’s blood pressure was 135/76 mm Hg and serum creatinine remains sta-
ble. He continues on a low-dose beta-blocker and antiplatelet agent.
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case 76

Presentation

A 45-year-old woman, G6/P5, is evaluated for vague right upper quadrant pain.
Past medical history includes hypertension controlled with two medications, in-
cluding an angiotensin-converting enzyme (ACE) inhibitor and a diuretic. The
patient denies any history of tobacco use, diabetes, and hyperlipidemia, and
there is no family history of any aneurysmal or other major vascular disease.
She is perimenopausal.

� CT Scan

Figure 76-1

CT Scan Report

A computed tomographic (CT) scan shows no evidence of gallbladder or liver
pathology, but there is an incidental finding of a right renal artery aneurysm
(RAA) approximately 2.5 cm in size, not noted on a prior right upper quadrant
ultrasound (Fig. 76-1), and other mesenteric aneurysms are identified. 

Further Diagnostic Work-up

No hematuria is detected on urinalysis and serum creatinine is normal. An arteri-
ogram should be obtained in these patients to delineate the renal anatomy with
dedicated catheter injections and multiple projections of both renal arteries. 

Peter K. Henke, MD
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� Arteriogram

Figure 76-2

Arteriogram Report 

A large right RAA at the bifurcation of the main renal artery, and a smaller left
RAA in a first-order branch (Fig. 76-2). No other intra-aortic pathology is identi-
fied. 

Treatment Considerations

Because this patient is just beyond childbearing age, indications for repair are
slightly less compelling than if premenopausal, where repair is definitely indi-
cated. The main risk with RAA is rupture. If this occurs, mortality ranges be-
tween 10% and 15%. Rupture risk is higher in premenopausal women and kid-
ney loss is high in the setting of rupture, ranging between 50% and 100%.
Although endovascular repairs have been documented, this does not seem ap-
propriate for most RAA, because they are often fusiform and not amenable to
coil embolization. A technical mishap may cause total kidney infarction. The
patient’s RAA is a size that is suitable for repair, given that she otherwise has few
cardiovascular risk factors. Various methods for repairing these lesions have
been described including ex vivo reconstruction with kidney autotransplanta-
tion, but it is the author’s practice to perform the repair in situ, using aneurysm
resection, primary repair, and/or bypass as the individual anatomy dictates.

� Surgical Approach

At operation, a lumbar roll is placed to create a lumbar lordosis. A transverse
supraumbilical incision allows for excellent exposure of the kidneys. An exten-
sive Kocher maneuver is used to expose the right kidney and renal vasculature.
Care must be taken to fully dissect the RAA from surrounding renal venous and
hilar structures. A right RAA resection with primary repair is performed. The pa-
tient’s postoperative course is unremarkable, with normal renal function and a



technically adequate repair confirmed on arteriogram at postoperative day 7
(Fig. 76-3). Postoperatively, she requires only one antihypertensive agent. Care-
ful postoperative laboratory follow-up of her creatinine is important as well as
blood pressure monitoring. Perioperative intermittent increases in diastolic
blood pressure can be a sign for renal arterial stenosis and may signal repair 
failure.
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Figure 76-3

Long-Term Follow-Up

The patient should undergo close blood pressure evaluation, but screening
invasive arteriography is rarely indicated. MRA scanning and/or CT scanning
with 3D reconfiguration may be useful as well for following any change in the
left RAA size. At this point, the patient has opted to observe the left side, for
which the overall rupture risk with RAA less than 2.0 cm is quite low. However,
if the left RAA grows in size, an approach similar to the one used on the right
side can be performed, though it does necessitate reoperative surgery. Overall,
the durability of repair is excellent, with clinical patency at least 95% at 8 years
follow-up. Unplanned nephrectomy rates in the settings of repair are very low;
however, in one large series, no late dialysis was required in patients who did re-
quire an unplanned nephrectomy. Interestingly, hypertension is often improved
after RAA repair, though the distinct mechanisms responsible for this observa-
tion are not certain.

Suggested Readings
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case 77

Presentation

A 42-year-old man with no significant past medical history presents to your of-
fice after he was referred by his primary medical doctor for unilateral lower ex-
tremity swelling. He is referred after being followed by both his primary care
physician and a wound care clinic for this condition. The symptoms initially
manifested in adulthood as swelling from the foot to an area superior to the in-
guinal ligament. He had been treated with manual decompressive physiother-
apy, nonelastic compressive dressings, custom clothing, and meticulous skin
care. The patient has complained of progressive lack of response to this conserv-
ative therapy targeted at volume reduction and preservation of skin integrity.
He also states that his skin has lost its elasticity, becoming flaccid and painful in
areas. He states that areas of hardening of the skin and subcutaneous tissue have
appeared recently. He has also noted some reddening of these areas, but denies
fever, chills, or skin breakdown.

On physical examination the patient is a well-developed male, anxious, and
in mild distress. He has gross asymmetry of the lower extremities, with the af-
fected limb showing redundant skin folds at the ankle, edema of the skin, and
subcutaneous tissue with areas of induration and generalized loss of skin tone
and altered skin turgor. The femoral pulses are palpable bilaterally, and distal
perfusion is intact, with triphasic Doppler signals audible in the affected limb,
and palpable distal pulses in the contralateral lower extremity (Fig. 77-1).

Differential Diagnosis

The differential diagnosis for swollen leg includes systemic conditions: conges-
tive heart failure, renal failure, liver failure (hypoalbuminemia), malnutrition,
protein loss nephropathy, cellulitis, infection, and parasitic infestation.

Figure 77-1

Mark W. Sebastian, MD
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The differential diagnoses for unilateral lower extremity swelling includes
the following: 

1) Chronic venous insufficiency
A) Intrinsic valvular insufficiency
B) Obstructions

2) Extrinsic compression
A) Anatomic
B) Pathologic

2) Postphlebitic syndrome
3) Myxedema
4) Lipedema
5) Lymphedema

A) Primary
i) Congenital: present at birth, or by age 2
ii) Praecox: puberty to third decade
iii) Tarda: after age 35
iv) Familial: Milroy’s disease

B) Secondary
i) Surgery
ii) Radiation 

Case Continued

Based on the age at presentation, lack of inciting factors, progression of symp-
toms, physical manifestations, and failure of conservative therapy, isotopic lym-
phoscintigraphy is performed. 

� Isotopic Lymphoscintigraphy

Figure 77-2

Isotopic Lymphoscintigraphy Report

Radiolabeled sulphur colloid is administered via the subcutaneous route, into
the subdermal interdigit region of the affected extremity. A gamma camera cap-
tures the isotope progression up the affected limb. 
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Diagnosis

Primary lymphedema tarda.

Interpretation
Lymphatic obstruction identified with pooling of radiocontrast in left groin
area.

Case Continued

With the results of the test (Fig. 77-2) the progression of the pathologic process,
the severe lifestyle limitations, and the patient’s request, surgical therapy is of-
fered. Based on the extent of the skin and subcutaneous tissue changes, exci-
sional debulking and plastic surgical coverage is offered. Due to the advanced
stage of the skin and soft tissue changes, lymphatic reconstruction is not indi-
cated.

� Surgical Approach

The patient is brought to the operating room and placed in the supine position.
After adequate induction of general orotracheal anesthesia, the affected extrem-
ity and the tissue donor site on the contralateral extremity are prepped with
chlorhexidine solution and draped as a sterile field. The medial and lateral as-
pects of the affected limb are incised and the skin, subcutaneous tissue, and
deep fascia are completely excised (Fig. 77-3). 

The affected and the non-affected tissue are completely excised. After ade-
quate hemostasis is obtained, full-thickness skin grafting is applied to the mus-
cle beds of the affected extremity. Standard plastic surgery dressings are applied.
The patient is extubated in the operating room and taken to the postanesthesia
care room in stable condition, having tolerated the procedure well.

Discussion
Lymphedema is the medical term used for generalized swelling of an affected area
caused by the accumulation of protein-rich fluid that is unable to drain via the

Figure 77-3



normal process of lymphatic drainage. Although it is seen in the lower extrem-
ity in the vast majority of cases (70% to 80%), it can affect any part of the body
where normal lymphatic drainage is compromised. The affected area is prone to
acute and chronic changes, including swelling, sclerosis, skin breakdown, infec-
tion, and neoplastic changes. The diagnosis is one of exclusion followed by
confirmation. The differential diagnosis includes systemic diagnoses, such as
congestive heart failure, renal failure, liver failure (hypoalbuminemia), malnu-
trition, protein loss nephropathy, cellulitis, infection, and parasitic infestation.
Unilateral or local conditions include deep venous thrombosis, chronic venous
insufficiency, anatomic obstruction of the iliac vein by the iliac artery,
myxedema, lipedema, postphlebitic syndrome, malignancy, and primary and
secondary lymphedema. 

A thorough history and physical examination is critical to narrowing the fo-
cus of the differential diagnosis and tailoring diagnostic testing. Typically, im-
portant components of a medical history with a chief complaint of swollen ex-
tremity include cardiac, renal, hepatic, dermatologic, infectious, and malignant
possibilities. Tailored history includes age at onset, location of onset, pattern of
spread, and pattern of progression. Any surgical and radiation therapy must be
documented. The physical examination centers on both the affected extremity
and the contralateral limb, including limb circumference, skin turgor, skin con-
dition, integumentary structures, trophic changes of hair and nails, lymph node
status, skin temperature, and proximal and distal arterial perfusion.

Basic laboratory examination includes blood work to assess renal and
hepatic function, and urinalysis to assess sediment and presence or absence of
protein.

Diagnostic tests of unilateral limb edema include an array of radiologic tests,
including lymphangiogram, lymphoscintigram, ultrasound, duplex ultrasound,
computed tomography (CT), and magnetic resonance imaging (MRI). Lymphan-
giogram is limited to intraoperative assessment of lymphatic bypass. Lym-
phoscintigraphy is the gold standard of diagnostic assessment, although duplex
ultrasound is useful as an adjunct. CT scanning may be used to monitor effects
of treatment. CT scan findings in lymphedema include thickened skin of the
calf, enlarged subcutaneous compartment, tissue stranding, increased fat den-
sity, and thickened perimuscular aponeurosis. MRI findings in lymphedema are
similar to those found on CT scan.

Lymphedema predisposes to disabling changes in the affected extremity. It
also predisposes to infection and malignancy. Therefore, conservative, consis-
tent, and longitudinal multidisciplinary therapy is critical. Manual decongestive
therapy followed by compressive dressings is the mainstay of conservative ther-
apy. Limb elevation is not useful in lymphedema. Meticulous skin care and
physical therapy are equally important in the long-term conservative care of pa-
tients with lymphedema. Benzopyrones as pharmacologic adjuncts reduce pro-
tein accumulation by enhancing macrophage presence in the affected extrem-
ity. This reduces edema and minimizes the infectious potential in the affected
area. Their use is limited by hepatotoxicity.

Surgical therapy is indicated for refractory and progressive lymphedema
that does not respond to decongestive and physical therapy. The two categories
of surgical intervention are reconstructive, or lymphatic bypass, and surgical de-
bulking. The bypass approach is described in the literature as end-to-side lym-
phovenous bypass, and adipolymphaticovenous transfer, in which autologous
saphenous vein, together with its lymphatic-containing adipose tissue, is trans-
posed into the affected area. Free omental transfer has also been reported, with
satisfactory results reported in one series. Debulking excisional surgery involves
excision of the entire affected limb either in a one- or a two-stage procedure
with complete coverage with skin grafting. Complete excisional therapy of the
affected limb, including both affected and non-affected regions, leads to a supe-
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rior cosmetic and functional outcome when compared with excisional therapy
of only affected areas of the extremity. Prophylactic surgery is reserved for cases
in which extensive pelvic and inguinal lymph node dissection and extirpation
are employed. The most commonly cited technique of prophylactic surgery is
omentoplasty. The consensus within the literature advocates coordinated multi-
disciplinary conservative therapy for lymphedema with surgical intervention re-
served for cases refractory to aggressive nonoperative therapy. When surgical
therapy is recommended for refractory cases of lymphedema, excision of the en-
tire skin, soft tissue, and fascial complex of the affected and non-affected re-
gions of the extremity is indicated. Staged and immediate skin grafting is subse-
quently employed. Though an uncommon condition, lymphedema requires a
measured and coordinated therapeutic strategy.
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for lower limb ischemia, 237
for peripheral vascular occlusive dis-

ease, 232
Anti-inflammatory medicine, for inflam-

matory abdominal aortic
aneurysm, 124

Anticoagulants
systemic, for arterial dissections, 61
and ultrasound-guided compression

repair, 260
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Antiplatelet therapy
for arterial dissections, 61
for Buerger’s disease, 90

Aorta. See also abdominal aorta
acute occlusion, 206–210

angiogram, 207f
approach, 208–209
diagnosis and recommendation, 208
differential diagnosis, 206
in hostile abdomen, 215–218

aneurysmal vs. normal, 107
injury repair, 317
ischemic intestine after surgery,

168–172
ischemic limb after surgery, 162–167

arteriography, 163, 163f
surgical approach, 164

Aortic arch
angiogram, 6f
percutaneous transluminal angioplasty

(PTA) with stenting, vs. surgical re-
construction, 56

Aortic dissection
acute thoracic, 126–130

angiogram, 128f, 129
differential diagnosis, 127
magnetic resonance angiogram, 126,

126f
transesophageal echocardiogram,

127–128
classifications, 127
malperfusion from, 129

Aortic graft—enteric fistula, 225–230
CT scan, 226–227, 226f
differential diagnosis, 225
serum laboratory studies, 227
surgical approach, 228–229

Aortic stump, “triple ligation”, 151
Aortobifemoral bypass, 162, 209, 234
Aortobifemoral Dacron graft, infection,

219–224
Aortocaval fistula, 155
Aortoenteric fistula, primary, 159–161

differential diagnosis, 159
surgical approach, 160–161

Aortofemoral bypass, for aortoiliac occlu-
sive disease (AIOD), 199

Aortoiliac occlusive disease (AIOD)
differential diagnosis, 201
endovascular repair, 201–205

surgical approach, 202–205
surgical approach, 234
surgical repair, 195–200

ankle/brachial index (ABI), 195–196
complications, 200
contrast arteriography, 198
CT angiogram, 198, 198f
differential diagnosis, 195
Doppler waveform analysis, 196–197,

196f
options, 199–200

Aortorenal bypass, for renal revasculariza-
tion, 372

Aphasia, transient, 17
Arch arteriogram, coronary angiogram

with, 53f
Arm. See upper extremities

Arterial occlusive disease of upper ex-
tremities, 79–83

angiogram, 82f
arteriography, 80, 80f
differential diagnosis, 79
surgical approach, 81–82

Arterial subclavian and axillary artery
aneurysms, 97–101

Arterial ulcers, vs. venous, 305
Arteries

insufficiency related to diabetes melli-
tus, 270

in lower extremities, atherosclerotic
narrowing, 231

Arteriography, 6
of aortic arch, 45, 46f
for internal carotid artery fibrodyspla-

sia, 12, 12f
Arteriovenous fistula in groin after car-

diac catherization, 259–264
angiography report, 261, 262f
diagnosis and recommendation, 260
differential diagnosis, 259–260
endovascular repair, 261
surgical approach, 263

Artery of Adamkiewicz, 177
Asymptomatic Carotid Atherosclerosis

Study (ACAS), 29
Asymptomatic internal carotid artery

stenosis, 26–30
differential diagnosis, 26–27

Atherosclerosis, 236–237
innominate artery, treatment of, 

53–57
and renovascular hypertension, 375

Atherosclerotic debris, Fogarty catheter to
remove, 166

Atherosclerotic occlusive disease
arterial insufficiency related to diabetes

and, 270
rest pain, 211–214

aortogram, 212f, 213
diagnosis and recommendation, 213
differential diagnosis, 211
surgical approach, 213–214
vascular laboratory reports, 212

of upper extremities, 51
Autoimmune inflammatory syndrome,

inflammatory aneurysm and, 123
Axial artery, embryological development,

244
Axillary artery, aneurysm, 98–99
Axillofemoral bypass grafting, 188

for acute aortic occlusion in hostile ab-
domen, 217

for aortoiliac occlusive disease (AIOD),
199

B
Back pain, differential diagnosis for, 138
Balloon dilation, for internal carotid

artery fibrodysplasia, 14
Bilateral carotid bifurcation disease, 54
Bipolar electrocautery, 67
Bleeding. See also gastrointestinal bleed

from aortacaval fistula, 157
controlling, 157f

thoracoabdominal aortic aneurysm re-
pair, 177

Blood pressure. See also hypertension; hy-
potension

after carotid artery endarterectomy, 32
Blunt injuries, 318. See also trauma
Bone marrow, and angiogenesis, 282
Brachial artery, injury repair, 322–323
Brachiocephalic artery, angiogram, 49f
Brachiocephalic trunk, arteriosclerosis, 27
Buerger’s disease (thromboangiitis oblit-

erans), 84–91, 246
diagnosis, 88–89
differential diagnosis, 84
etiologic considerations, 85
evaluation report, 87
recommendation, 86f
treatment approaches, 89–90
vs. hypothenar hammer syndrome, 103

Bypass
above-knee to below-knee reversed

saphenous vein, 250, 250f
aortobifemoral, 162, 209, 234
aortofemoral, for aortoiliac occlusive

disease (AIOD), 199
axillofemoral bypass grafting, 188

for acute aortic occlusion in hostile
abdomen, 217

for aortoiliac occlusive disease
(AIOD), 199

extra-anatomic, for renal revasculariza-
tion, 372

femoro-femoral grafting, for aortoiliac
occlusive disease (AIOD), 199

for innominate artery atherosclerotic
lesion repair, 54–55

C
C-reactive protein (CRP), and inflamma-

tory aneurysm, 123
Calcifications, upper quadrant, differen-

tial diagnosis, 365
Calcified arteries, and ankle/brachial in-

dex (ABI), 211
Calf, swelling, and deep vein thrombosis,

294
Candida species, 227
Carbon dioxide

partial pressure (PCO2), 2
serum levels, 2

Cardiac catheterization, arterial venous
fistula in groin after, 259–264

Cardiac embolism, 265
Carotid artery

aneurysm, 5–10
diagnosis and recommendation, 

7–8
differential diagnosis, 5
surgical approach, 8–9

arteriography, 42f
asymptomatic internal stenosis, differ-

ential diagnosis, 26–27
dissection, 58–62

angiogram, 59f
diagnosis and recommendation,

60–61
differential diagnosis, 58–59
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head and neck MRI, 59f
surgical approach, 61

drug abuse injection, 332
duplex ultrasound scan, 5–6, 6f, 26f,

27, 49f
endarterectomy, 23–24

acute stroke after, 36–40
assessment of utility, 29
cerebral hyperfusion syndrome after,

31–35
hypotension after, 31–35
plaque after, 23f
recurrent stenosis following, 41–44
redo operative approach, 43–44

external, symptomatic stenosis, 45–52
fibrodysplasia, 11–15

diagnostic test, 12–13
recommendation, 13–15

occluded internal
differential diagnosis, 17–18
recommendation, 16–17
surgical approach, 16–20

symptomatic internal stenosis, 21–25
differential diagnosis, 21–22
surgical approach, 23–24

thrombosis, 38, 40
trauma, 70–74

3-dimensional CT scan, 72f
arteriogram, 72f
CT scan, 70f
differential diagnosis, 71
surgical approach, 73–74, 74f

Carotid Artery Stenosis with Asympto-
matic Narrowing, Operation versus
Aspirin studies, 29

Carotid bifurcation disease, bilateral, 54
Carotid body

function, 65
tumor, 63–69

angiogram, 67f
magnetic resonance imaging for, 65,

66, 66f
surgical approach, 67–68

Carotid embolectomy
major risk from, 278
for paradoxical embolism treatment,

275f, 277
Carotid Occlusion Surgery Study, 19
Catheter-directed thrombolysis, for acute

deep venous thrombosis, 295
Celiac artery, 128

injury repair, 319
Cerebral artery, aneurysm, 3
Cerebral embolization, risk from angio-

plasty, 57
Cerebral hemorrhage, secondary to hy-

perperfusion, 39
Cerebral hyperfusion syndrome after

carotid endarterectomy, 31–35
differential diagnosis, 31, 32

Cerebrospinal fluid, drainage to reduce
spinal cord injury, 177

Chronic mesenteric ischemia, 349–354
Chronic venous insufficiency

clinical characteristics, 309
postphlebitic syndrome, 300–304
venous statis ulcers, 305–310

Cigarette smoking. See smoking
Cilostazol, 197, 282
Classic subclavian steal syndrome, 52
Claudication

medical therapy, 197
peripheral vascular occlusive disease

with, 231–235
amputation risk, 233
angiogram, 233, 234f
ankle/brachial index (ABI), 232
differential diagnosis, 231

vs. critical limb ischemia, 237
vs. pseudoclaudication, 231
in younger patient, 246

Coagulation disorder, evaluation for, 165
Cockett perforators, 302
Colitis, ischemic, after ruptured AAA re-

pair, 142
Colon, ischemic

after AAA repair, 109–110
after aortic surgery, 168, 170

Common iliac arteries, clamp placement
on, 166

Compartment pressures, measurement,
338–339

Compartment syndrome, 166, 324–325
after drug injection, 333
after gunshot to leg, 338–341

surgical approach, 339–340
causes, 340
development, 340
popliteal artery and, 329
symptoms, 340
from trauma, 322

Compartments of extremities, 286
Compression repair, ultrasound-guided,

260
Computed tomography

for abdominal aortic aneurysm, 121,
122f

carotid body tumor assessment with, 65
for penetrating trauma, 315

Congestive heart failure, 154–155
Connective tissue disorders, and carotid

artery dissection, 60
Contrast arteriography, 383
Coronary angiogram, with arch arteri-

ogram, 53f
Coronary steal syndrome, 81
Coronary subclavian steal syndrome, 52
Coumadin, 312
Cramping

nocturnal muscle, 236
with walking, 231

Cranial nerve, injury after resection for
CAA, 9

Creatinine, and thoracoabdominal aortic
aneurysm repair, 176

Crossing lesion, in percutaneous translu-
minal angioplasty (PTA), 204–205

Cryoglobulinemia, 301
Cryopreserved allografts, for aortic

graft—enteric fistula repair, 229

D
Dacron grafts, aortobifemoral

contrast-enhanced sinogram, 220, 220f

CT scan, 220, 220f
diagnosis and recommendation, 221
differential diagnosis, 219
infection, 219–224
surgical approach, 222

Debulking excisional surgery, for lym-
phedema, 392–393

Deep compartment of leg, 286
Deep vein insufficiency, 289
Deep venous thrombosis (DVT), 180, 280

acute iliofemoral, 293–299, 293f
differential diagnosis, 294
recommendation, 295
surgical approach, 298
ultrasound report, 294f
venogram, 296f, 297

from paradoxical embolism, 274
paraplegia in trauma patient and, 312

Diabetic patients
foot ulcers, 269–273, 269f

contrast angiogram, 272
diagnosis and recommendation, 270
differential diagnosis, 269–270, 269f
segmental pressures and PVR, 271f,

272
surgical approach, 270, 272–273

gangrenous foot, non-revascularizable
amputation, 279–283

threshold for performing revasculariza-
tion, 232

Diaphragm, innervation, 177–178
Diarrhea, differential diagnosis, 168
Diffusion-weighted images, magnetic res-

onance imaging with, 33, 34f
Digital subtraction technology, 232
Dilation, graduated intraluminal, 14
Distal thrombus, and thrombectomy, 165
Dorsal compartment of forearm, 324
“Double rupture” sign, 368
Dressings, multilayer system, 309
Drug abuse, intravenous injection in

femoral artery, 331–336
Duodenum, aortic graft—enteric fistula

in, 227
Duplex ultrasound scan, of extracranial

vessels, 22, 22f
Dysphagia, 75–78

differential diagnosis, 75–76
Dysrhythmia, 265

E
EC/IC Bypass Study Group, 19
Echocardiogram, transesophageal, 46
Edema

lower extremities, 180, 389–393
calf, and deep vein thrombosis, 294
diagnostic tests, 392
differential diagnosis, 288, 389–390,

392
isotopic lymphoscintigraphy, 390,

390f
surgical approach, 291–292, 391–392
unilateral secondary to venous insuf-

ficiency, 284–287
venous duplex ultrasound, 290, 290f

secondary to hyperperfusion, 39
Elevated arm stress test (EAST), 93
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Embolectomy, 191
Embolism

aortic occlusion from
risk factors, 206
symptoms, 206–207

cardiac, 265
in lower extremities, 342–348

angiogram, 344, 344f
classifications, 343
diagnosis and recommendation, 344
echocardiogram, 343, 343f
and ischemia, 201
surgical approach, 344–345

origination, 21–22
paradoxical, 274–278

diagnostic tests, 274–275
differential diagnosis, 274
surgical approach, 275

Endarterectomy
for innominate artery atherosclerotic

lesion repair, 54–55
for mesenteric ischemia, 353
renal, 384

Endoaneurysmorrhaphy, 100
Endocarditis

in drug addicts, 334
mycotic aneurysm due to, 150

Endoleak, 112, 117f, 118
recommendation, 119

Endovascular angioplasty, 254
Endovascular coiling, 3
Endovascular repair

aneurysm, 112, 113
recommendation, 115
ruptured, 140

for aortic reconstruction, and intestinal
ischemia, 172

for arteriovenous fistula, 261
of inflammatory abdominal aortic

aneurysm, 124
vs. surgical therapies, 56

Enterobacter, 227
and graft infection, 223

Erythrocyte sedimentation rate (ESR),
and inflammatory aneurysm, 123

Escherichia coli, 227
and graft infection, 223

Esophagogastroduodenoscopy (EGD), 227
Esophagus, compression by aberrant

right subclavian artery, 75–78
Essential hypertension, 374
Estrogen, effects on vascular smooth

muscle, 12
Extra-anatomic bypass, for renal revascu-

larization, 372
Extra-anatomic reconstruction

and removal of infected prosthesis, 222
mortality rate, 224

using axillofemoral bypass, 229
Extremities. See also lower extremities;

upper extremities
4-compartment fasciotomy and sal-

vage, 267
ischemia, 84, 102

acute, 265–268
after aortic surgery, 162–167
arteriography, 103f

from atherosclerotic occlusive dis-
ease, 211

F
Fasciotomy

4-compartment, and limb salvage, 267
after gunshot to leg, 338–341

Fecal contamination, and repair of iliac
artery, 318

Femoral artery
anastomotic pseudoaneurysm, 185–189

surgical approach, 187–188
tagged WBC scan, 187f

intravenous drug abuser injection in,
331–336

puncture, for endovascular repair, 202
Femoral vein, drug abuse injection, 331
Femoro-femoral bypass grafting, for aor-

toiliac occlusive disease (AIOD),
199

Fibroblast growth factor (FGF), 282
Fibrodysplasia, of extracranial internal

carotid artery, 11
Fibromuscular dysplasia, 246
Fistula

aortocaval, 155
arterial venous, in groin after cardiac

catherization, 259–264
primary aortoenteric, 159–161

differential diagnosis, 159
surgical approach, 160–161

Flow-related ischemic events, 21
Flush aortogram, 203f
Fogarty catheter, 166
Fontaine sign, 63, 65
Foot. See also gangrenous foot

claudication, 88–89
ulcers in diabetic patients, 269–273,

269f
contrast angiogram, 272
diagnosis and recommendation, 270
differential diagnosis, 269–270, 269f
segmental pressures and PVR, 271f,

272
surgical approach, 270, 272–273

Forearm, compartment syndrome,
324–325

Fractures, open long-bone, and compart-
ment syndrome, 340–341

Fresh frozen plasma, 165
Functional popliteal entrapment, 250

G
Gadolinium, 134
Gangrenous foot

arteriogram, 281, 281f
diagnosis and recommendation, 280
differential diagnosis, 280
medical therapy, 282
non-revascularizable amputation,

279–283
Gastrocnemius muscle, overtraining and

hypertrophy, 250
Gastrointestinal bleed

and aortic graft-enteric fistula, 225
esophagogastroduodenoscopy for, 160
from ruptured or leaking aorta, 161

Giant cell arteritis, 123
Graduated intraluminal dilation, 14
Grafts

aortobifemoral Dacron
contrast-enhanced sinogram, 220,

220f
CT scan, 220, 220f
diagnosis and recommendation, 221
differential diagnosis, 219
infection, 219–224
surgical approach, 222

bypass in lower extremity
arteriography, 254, 254f
failing, 252–255
follow-up protocols for surveillance,

252
thrombosis risk, 253

infection incidence rates, 222
as infection source, 223
prosthetic

antibiotic-impregnated, 229
pseudoaneurysm and infection of,

185
removal, 188
vs. vein, 54

thrombosed bypass, in lower extremity,
256–258
arteriography, 256, 257, 257f
differential diagnosis, 256
recommendation, 256
surgical approach, 258

vein bypass, for critical limb ischemia,
237

Greater saphenous vein, 285–286
ligation, 291
varicosed, 306

Greenfield filter, 274
Groin

anastomosis in, 219
arterial venous fistula, after cardiac

catheterization, 259–264
pain, differential diagnosis for, 138
pulsatile mass, differential diagnosis,

185–189
Gunshot wounds

to abdomen, 314–320
and abdominal vascular injuries, 318
inferior vena cava filter, 311–313
lower extremities, 337–341

Gunther-Tulip retrievable IVC filter, 312,
313f

H
Hand, arteriogram, 103f
Hartmann’s procedure, 170
Head

cerebral hyperfusion syndrome after in-
jury, 35

noncontrast CT scan, 1f
Heart. See cardiac
Hematoma, intramural, 59, 60
Heparin

for arterial dissections, 61
for carotid body trauma, 73

Hip operations, for patients with persis-
tent sciatic artery, 245

Homan’s sign, 294
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Horner’s syndrome, 99
and carotid artery dissection, 60

Hostile abdomen, acute aortic occlusion,
215–218

Hypercoagulability, mesenteric venous
thrombosis and, 361

Hyperkalemia, 217
Hyperperfusion, cerebral hemorrhage or

edema secondary to, 39
Hyperplasia, myointimal, 41, 43
Hypertension. See also renovascular hy-

pertension
differential diagnosis, 370, 380
essential, 374, 375

Hypogastric artery aneurysm, 180–184
CT scan of abdomen and pelvis, 181f
diagnosis and recommendation,

181–182
differential diagnosis, 180
endovascular repair, 182

Hypotension
after carotid artery endarterectomy,

31–35
and ruptured AAA, 138

Hypothenar hammer syndrome, 102–105
diagnosis, 103
differential diagnosis, 102
surgical approach, 104

I
Iliac arteries

aneurysm, 181
thrombosis of, 184f

clamp placement on, 166
injury repair, 317, 318

Iliac vein compression syndrome (May-
Thurner syndrome), 309

Iliofemoral deep venous thrombosis,
acute, 293–299, 293f

differential diagnosis, 294
recommendation, 295
surgical approach, 298
ultrasound report, 294f
venogram, 296f, 297

In situ prosthetic graft, 152
Indium 111-labeled leukocyte scans, 228
Infected abdominal aortic aneurysm

arteriogram, 151, 151f
diagnosis and recommendation, 151
differential diagnosis, 150
infected, 149–153
surgical approach, 151–152

Infection
aortobifemoral Dacron graft, 219–224

contrast-enhanced sinogram, 220,
220f

CT scan, 220, 220f
diagnosis and recommendation, 221
differential diagnosis, 219
surgical approach, 222

femoral artery aneurysm/pseudoa-
neurysm, 185–189

spread from foot in diabetic, 270
Inferior vena cava

approach to repair, 316, 317
filter, after trauma, 311–313, 313f

Inferior vena cava fistula

abdominal aortic aneurysm with,
154–158
angiogram, 156, 156f
surgical approach, 156–157

Inflammatory abdominal aortic
aneurysm, 121–125

recommendation, 123
rupture rate, 122
surgical approach, 124–125

Inframesocolic injury, approach, 316
Infrarenal abdominal aortic aneurysm

differential diagnosis, 111–112
endovascular repair, 111–120
follow-up CT scan, 117f
ruptured, 137–142

CT scan, 139–140, 139f
differential diagnosis, 137–138
mortality following repair, 142
surgical approach, 140–141

surgical approach, 112–113, 117
treatment approaches, 152

Infrarenal aorta
infected, 150
occlusions, 206–210

Innominate artery
atherosclerosis, treatment of, 53–57
surgical repair, 55–56, 55f

mortality following, 55
Integrilin, 73
Intestines

collateral circulation to, 171f
ischemia after aortic surgery, 168–172

differential diagnosis, 168
endoscopic evaluation, 169–170, 169f
mechanisms, 170–171

ischemic colon
after AAA repair, 109–110
after aortic surgery, 168, 170

necrotic bowel, 362
Intraabdominal vascular trauma, 314–320

approach, 315–317
diagnostic tests, 314–315
differential diagnosis, 314
surgical approach, 317–319

Intracerebral hemorrhage (ICH), 1–4
Intramural hematoma, 59, 60
Intravenous drug abuser injection in

femoral artery, 331–336
Ischemia

chronic mesenteric, 349–354
differential diagnosis, 349
evaluation for, 350
intervention, 352
MRA and angiogram, 351, 351f
open surgical revascularization,

352–353
classifications, 343
colon, after AAA repair, 109–110
in extremities, 84, 102, 347

after aortic surgery, 162–167
arteriography, 103f
categories, 256
with compartment syndrome,

337–341
critical, 279–283
differential diagnosis, 256
from drug abuse, 332–336

intestines, after aortic surgery, 168–172
irreversible, risk from trauma, 322
transient cerebral, 21

Ischemic colitis
after aortic surgery, 169, 170
after ruptured AAA repair, 142

Ischemic rest pain, 236

J
Joint Study of Extracranial Arterial Occlu-

sion, 80
Juxtarenal aneurysm, 156

K
Kidneys. See also renal

contrast-induced toxicity, 383
failure after thoracoabdominal aortic

aneurysm repair, 175
ischemic nephropathy, stenting for, 376
removal after ischemia from injury,

319
revascularization options, 372

“Kissing” balloon, 205
Klebsiella, 227

and graft infection, 223
Knee dislocation, posterior, and popliteal

artery injury, 326–330
arteriography, 327, 328f
diagnosis and recommendation,

328–329
differential diagnosis, 326
surgical approach, 329

Kommerell’s diverticulum, 77

L
Laparoscopy, diagnostic tests, 315
Large vessel obstructive disease, 85
Limb. See extremities; lower extremities;

upper extremities
Local anesthesia, 263
Lower extremities

arterial circulation, Doppler waveform
analysis to measure, 196–197, 196f

arteries, atherosclerotic narrowing, 231
bypass graft

arteriography, 254, 254f
failing, 252–255
follow-up protocols for surveillance,

252
thrombosis risk, 253

compartments, 286
edema, 180, 389–393

diagnostic tests, 392
differential diagnosis, 288, 389–390,

392
isotopic lymphoscintigraphy, 390,

390f
surgical approach, 391–392
unilateral secondary to venous insuf-

ficiency, 284–287
embolism in, 342–348

angiogram, 344, 344f
classifications, 343
diagnosis and recommendation, 344
echocardiogram, 343, 343f
and ischemia, 201
surgical approach, 344–345
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Lower extremities (continued)
intermittent exercise-induced pain, dif-

ferential diagnosis, 195
ischemia

acute, 190–194, 201
with compartment syndrome,

337–341
initial objective testing, 237–238,

238f
pain from drug abuse, 331–336

arteriography, 332
diagnosis, 332
differential diagnosis, 331, 334
surgical approach, 335
ultrasonography, 332, 332f

reestablishing blood flow, 191–192
thrombosed bypass graft, 256–258
ulcers, differential diagnosis, 300–304

Lymphedema, 303, 389–393, 1076
differential diagnosis, 389–390, 392
isotopic lymphoscintigraphy, 390, 390f
surgical approach, 391–392

M
Magnetic resonance angiography, for

neck wound, 71
Magnetic resonance arteriography, 6, 7f

for abdominal aortic aneurysm, 121
for arterial dissections, 60
contrast-enhanced, 87–88, 88f
for mesenteric ischemia evaluation,

350
Magnetic resonance imaging

for carotid body tumor, 65, 66, 66f
with diffusion-weighted images, 33, 34f

Malperforans ulcers, 269f
May-Thurner syndrome (iliac vein com-

pression syndrome), 309
Medial fibrodysplasia, 365
Mesenteric artery, 128

ligation
and intestinal ischemia, 170–171
wounds requiring, 319

reimplantation, 172
Mesenteric ischemia

chronic, 349–354
differential diagnosis, 349
evaluation for, 350
intervention, 352
MRA and angiogram, 351, 351f
open surgical revascularization,

352–353
nonocclusive, 355–358

diagnosis and recommendation, 357
diagnostic tests, 356
mesenteric angiography, 356–357,

356f
mortality, 357

Mesenteric venous thrombosis, 359–363
mortality, 362
surgical approach, 362

Metabolic acidosis, 215
Methamphetamine, drug abuse injection,

331
Microbial arteritis, 150
Microemboli, 11
Mill’s valvutome, 272

Mobile wad of forearm, 324
Multilayer dressing system, 309
Multiparity, and splenic artery aneurysm,

365
Mycotic aneurysm, 150

after drug injection, 334, 335
complications, 335

Myoglobinuria, 217
Myointimal hyperplasia, 41, 43

N
National Institute of Neurological Disor-

ders and Stroke Data Bank, 276
Neck, anterior mass

differential diagnosis, 63
ultrasonography, 64, 64f

Necrotic bowel, 362
Neoplasms, carotid body tumor, 63–69
Nephrectomy

after ischemia from injury, 319
vs. renal revascularization, 372

Nerves, carotid body tumor and, 68
Neurogenic thoracic outlet syndrome,

92–96
diagnosis, 93–95
differential diagnosis, 92–93
magnetic resonance arteriography, 94f,

95
surgical approach, 95–96

Neuropathic ulcers, 305
Nimodipine, 2
Nocturnal muscle cramps, 236
“Non-pitting” edema, of lymphedema,

289
Nonocclusive mesenteric ischemia,

355–358
North American Symptomatic Carotid

Endarterectomy Trial, 24
Nuclear white blood cell scanning, 228

O
Obturator bypass, for infected femoral

artery pseudoaneurysm, 188
Occlusions

acute aortic, 206–210
angiogram, 207f
approach, 208–209
diagnosis and recommendation, 208
differential diagnosis, 206
in hostile abdomen, 215–218

crossing, 205
internal carotid artery, 16–20

differential diagnosis, 17–18
recommendation, 16–17
surgical approach, 16–20

peripheral vascular occlusive disease,
with claudication
amputation risk, 233
angiogram, 233, 234f
ankle/brachial index (ABI), 232
differential diagnosis, 231

renal artery
abdominal aortogram, 383f
and elective aortic reconstruction, 380
noninvasive screening, 381
surgical approach, 384–385
ultrasonography, 381, 382f

Open management
of hypogastric artery aneurysm,

181–182
of inflammatory abdominal aortic

aneurysm, 124

P
Pain

aching, with walking, 231
in back, abdomen or groin, differential

diagnosis, 138
from compartment syndrome, 340
intermittent abdominal, 349
at rest, from atherosclerotic occlusive

disease
aortogram, 212f, 213
diagnosis and recommendation, 213
differential diagnosis, 211
surgical approach, 213–214
vascular laboratory reports, 212

Pain control
after carotid artery endarterectomy, 32
for Buerger’s disease, 90

Palm of hand, repetitive use, and hy-
pothenar hammar syndrome, 104

Pancreatic abscess, 150, 151
Paradoxical embolism, 274–278

carotid embolectomy for treatment,
275f, 277

Paralysis, from compartment syndrome,
340

Paraplegia
after thoracoabdominal aortic

aneurysm repair, 175, 178
in trauma patient, 312

Pararenal abdominal aortic aneurysm,
131–136

approach, 133
CT angiogram, 131, 131f
CT scan with 3-dimensional recon-

structions, 133, 133f
differential diagnosis, 132
gadolinium-enhanced MRA, 134, 134f
surgical approach, 135

clamp placement in open repair, 133
Paratibial perforators, 302
Paresthesias, from compartment syn-

drome, 340
Partial pressure of carbon dioxide 

(PCO2), 2
Patch angioplasty closure, 43
Patent foramen ovale, 276

closure, 275
Pentoxifylline, 197, 282
Percutaneous balloon angioplasty, 14
Percutaneous catheters, for varicose vein

treatment, 291
Percutaneous mechanical thrombectomy

(PMT), 295–296
Percutaneous transluminal angioplasty

(PTA), 56, 202–205, 234
complications, 204–205
for mesenteric occlusive disease, 352

Peripheral atherosclerotic occlusive dis-
ease, 281–282

Peripheral vascular occlusive disease
with claudication, 231–235
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amputation risk, 233
angiogram, 233, 234f
ankle/brachial index (ABI), 232
differential diagnosis, 231

with rest pain/ulcers, 236–241
arteriogram, 239, 239f
completion arteriogram, 240–241,

241f
diagnosis and recommendation,

239–240
differential diagnosis, 236
noninvasive laboratory workup, 238f
surgical approach, 240

Perirenal region, approach to repair,
316–317

Peritoneal lavage (DPL), for penetrating
trauma, 315

Peroneal nerve, superficial, 339
Persantine stress thallium test, 131
Persistent sciatic artery

abdominal aortogram, 243f, 244
aneurysm risk, 245
CT scan, 242f, 243
diagnosis and recommendation, 244
differential diagnosis, 242
surgical approach, 244

Phlegmasia cerulea dolens, 294
Photoplethysmography, 284

venous, 289, 290f
Phrenic nerve, 177
“Pitting” edema, from venous insuffi-

ciency, 289
Plasma, fresh frozen, to prevent throm-

botic state, 165
Polyarthritis, 123
Polytetrafluoroethylene (PTFE) graft, 100,

221
Polytetrafluoroethylene patch angio-

plasty, 46
Popliteal adventitial cystic disease, 246
Popliteal artery

abrupt occlusion, 163
aneurysm, 190–194

approach, 191–192
arteriography, 192f
duplex scan, 191, 191f
surgical therapy, 193

entrapment, 246–251
arteriography, 248, 248f
differential diagnosis, 246
doppler ultrasound report, 247, 247f
recommendation, 247
surgical approach, 249–250
types, 248–249

injury from knee dislocation, 326–330
arteriography, 327, 328f
diagnosis and recommendation,

328–329
differential diagnosis, 326
surgical approach, 329

Portal hypertension, 368
and splenic artery aneurysm, 365

Portal triad, injury repair, 317
Portal vein, injury repair, 319
Postphlebitic syndrome, and chronic ve-

nous insufficiency, 303
Postthrombotic syndrome, 303

Primary aortoenteric fistula, 159–161
differential diagnosis, 159
surgical approach, 160–161

Prostaglandins, for critical limb ischemia
treatment, 282

Prosthetic grafts
antibiotic-impregnated, for aortic

graft—enteric fistula, 229
pseudoaneurysm and infection of, 185
removal, 187–188
in situ, 152
vs. vein grafts, 54

Proteus, and graft infection, 223
Pseudoaneurysm, 59, 60, 72f, 73, 219, 260

after drug injection, 334
anastomotic femoral artery, 185–189

surgical approach, 187–188
tagged WBC scan, 187f

Pseudoclaudication, 231
Pseudomonas aeruginosa, 141
Pseudomonas, and graft infection, 223
Pterional craniotomy, 3
Pulmonary embolism, reducing inci-

dence, 312
Pulse volume recordings, 211

for lower limb ischemia, 237
Pulselessness, from compartment syn-

drome, 340

R
Radionuclide scintigraphic techniques,

221
Raynaud’s syndrome, 84

vs. hypothenar hammer syndrome, 103
Rectum, ischemic, 171
Renal artery

aneurysm, 386–388
arteriogram, 387, 387f
CT scan, 386f
rupture risk, 387
surgical approach, 387–388
treatment approaches, 387

occlusive disease
abdominal aortogram, 383f
and elective aortic reconstruction,

380
noninvasive screening, 381
surgical approach, 384–385
ultrasonography, 381, 382f

wounds requiring ligation, 319
Renal artery stenosis

with concomitant aortic surgery,
379–385
differential diagnosis, 380

endovascular repair success predictors,
376

stent therapy, 375–378
Renal vein renin assays, 371
Renovascular hypertension, 375

duplex ultrasound scan, 370–371
renal arteriography, 371f, 373f
renal artery stenosis, 370–374
surgical approach to revascularization,

372
Residual stenosis, 41
Rest pain, peripheral vascular occlusive

disease with, 236–241

arteriogram, 239, 239f
completion arteriogram, 240–241, 241f
diagnosis and recommendation,

239–240
differential diagnosis, 236
noninvasive laboratory workup, 238f
surgical approach, 240

Retrohepatic vena cava, approach to re-
pair, 316

Revascularization
endovascular repair vs. surgical, 197
for lifestyle-limiting claudication, 232
for mesenteric ischemia, 352–353
options for renal, 372

Rheumatoid arthritis, 123
Rifampin bonding of Dacron graft, 152
Rigid dilators, for internal carotid artery

fibrodysplasia, 13
Ruptured abdominal aortic aneurysm

differential diagnosis, 137–138
infrarenal, 137–142

CT scan, 139–140, 139f
mortality following repair, 142
surgical approach, 140–141

mortality, 132

S
Saphenofemoral junction

disconnections, 308
incompetence, 286

Saphenofemoral reflux, 291
Saphenous vein

above-knee to below-knee reversed by-
pass, 250f

greater, 285–286
harvesting, 329–330
ligation, 291
varicosed, 306

ligation, 302
Sciatic artery

embryological development, 244
persistent, 242–245

abdominal aortogram, 243f, 244
CT scan, 242f, 243
diagnosis and recommendation, 

244
differential diagnosis, 242
surgical approach, 244

Segmental Doppler pressure, for lower
limb ischemia, 237

Shamblin classification system, 65
Shock, abdominal wound with, 314
Sigmoid colon, ischemia, 171
Small abdominal aortic aneurysm,

143–148
assessing risk for repair, 145–146
assessing risk of rupture, 145
CT scan, 144f, 145
differential diagnosis, 143
surveillance and elective repair, 147

Small bowel, ischemia, 171
Small vessel obstructive disease, 85

laboratory testing, 87
Smoking

and Buerger’s disease, 89, 90
and peripheral vascular occlusive dis-

ease, 233
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Smoking (continued)
as risk factor for aneurysm expansion,

145
as risk factor for critical leg ischemia,

280
and severe aortoiliac disease, 202

Smooth muscle, vascular, estrogen and, 12
Speech, 17–18
Spinal cord injury, as TAA repair compli-

cation, 177
Splanchnic venous circulation, venous

thrombosis of, 359–363
Spleen, 369
Splenic artery aneurysm, 364–369

arteriography, 367f
chest x-ray, 364f, 365
CT scan, 366, 366f
differential diagnosis, 365
recommendation, 367–368
rupture risk, 367
surgical approach, 368–369

Stab wound
of abdominal aorta, 318
trauma to carotid artery, 70–74

3-dimensional CT scan, 72f
arteriogram, 72f
CT scan, 70f
differential diagnosis, 71
surgical approach, 73–74

Staphylococcus aureus, and graft infection,
223

Staphylococcus epidermidis, 152, 188, 221
and graft infection, 223

Staphylococcus species, 227
Steal syndrome, 50–51

coronary, 81
Stenosis

of carotid artery
asymptomatic, 26–27
recurrent, 41–44
symptomatic, 21–25

causes, 51
renal artery, with concomitant aortic

surgery, 379–385
subclavian artery, 45–52

Stenting, 57
for carotid body trauma, 73
evaluation to assess success, 115
implanting for arteriovenous fistulas,

262
for renal artery stenosis, 375–378

Streptococcus species, 227
Stroke

acute, after carotid endarterectomy,
36–40

carotid artery dissection as cause, 60
cerebral hyperfusion syndrome after,

35
deaths from, 27
identifiable cause, 276
risk, 24
for the young, 58

Stryker Instruments, 338, 339f
Subarachnoid hemorrhage, 1–4

angiogram, 2f
differential diagnosis, 1
noncontrast CT scan, 1f

recommendation, 2
surgical approach, 3–4

Subclavian artery
aberrant right, 75–78

aneurysm, 78
chest CT and angiography, 76f
diagnosis and recommendation, 77
differential diagnosis, 75–76
surgical approach, 77–78

aneurysm, 98–99
surgical approach, 100–101

angiogram, 49f
compression, TOS and, 94
disease

endovascular treatment, 81
endovascular vs. surgical treatment, 83
evidence of, 80

stenosis and steal syndromes, 45–52
Subfascial endoscopic perforator surgical

ligation, 302
Substance abuse, intravenous injection in

femoral artery, 331–336
Superficial compartment of leg, 286
Superficial femoral vein, in situ aortic re-

construction with, 152
Superficial peroneal nerve, 339
Superficial vein insufficiency, 289
Supermesocolic vascular injury, ap-

proach, 316
Supraceliac aorta, as arterial inflow source

for mesenteric bypass, 353–354
Surgical therapies, vs. endovascular thera-

pies, 56
Surgical thrombectomy, for acute deep

venous thrombosis, 295
Sutures, prosthetic grafts to native artery,

219
Swelling. See edema
Systemic autoimmune inflammatory syn-

drome, inflammatory aneurysm
and, 123

Systemic lupus erythematosus (SLE), 123

T
Thoracic aortic dissection, acute, 126–130

angiogram, 128f, 129
differential diagnosis, 127
magnetic resonance angiogram, 126,

126f
transesophageal echocardiogram,

127–128
Thoracic artery, angiogram, 50f
Thoracic outlet decompression, 96, 98
Thoracoabdominal aortic aneurysm,

173–179
classifications, 174, 174f
creatinine level, and repair, 176
CT scan, 173f, 174
operative morality for intact, 175
paraplegia after repair, 178
surgical approach, 175–178

bleeding in, 177
Thoracofemoral bypass, for aortoiliac oc-

clusive disease (AIOD), 199
Thrombectomy

after trauma, 329
distal thrombus and, 165

options for deep venous thrombosis,
295–296

Thromboangiitis obliterans. See Buerger’s
disease (thromboangiitis obliter-
ans)

Thromboembolectomy, 265–268
Thromboemboli, 8
Thromboembolism, 40

and subclavian artery aneurysms, 99
Thromboendarterectomy, for renal revas-

cularization, 372
Thrombolysis, 100, 344–345, 347

catheter-directed, for acute deep ve-
nous thrombosis, 295

contraindications, 345
likelihood of success, 346
risks of, 191

Thrombolytic therapy, 267
for paradoxical embolism, 277

Thrombosis
and acute leg ischemia, 201
deep venous, 180
risk in graft, 253

Thrombus
care in clamping for aortobifemoral by-

pass, 209
Fogarty catheter to remove, 166
removal, 182

Tissue plasminogen activator (tPA), 192
Tobacco. See smoking
Tolazoline, 333
Transatlantic Inter-Societal Consensus

(TASC), class A and B lesions, en-
dovascular treatment, 204

Transesophageal echocardiogram, 46, 277
Transient aphasia, 17
Transient cerebral ischemia, 21
Transient ischemic attack (TIA), differen-

tial diagnosis, 5
Transient monocular blindness (TMB),

21. See also amaurosis fugax
Trauma

axillary artery aneurysms from, 98–99
basic principles, 318
to carotid artery, 70–74

3-dimensional CT scan, 72f
arteriogram, 72f
CT scan, 70f
differential diagnosis, 71
dissection from, 60
surgical approach, 73–74, 74f

inferior vena cava filter, 311–313
intraabdominal vascular, 314–320

approach, 315–317
diagnostic tests, 314–315
differential diagnosis, 314
surgical approach, 317–319

lower extremities, 337–341
differential diagnosis, 338
x-ray, 337, 337f

pattern, 318
upper extremities

arteriogram, 323, 323f
diagnosis and recommendation,

324–325
surgical approach, 323–324
x-ray, 321, 321f
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U
Ulcers

in foot of diabetic patient, 269–273, 269f
contrast angiogram, 272
diagnosis and recommendation, 270
differential diagnosis, 269–270, 269f
segmental pressures and PVR, 271f,

272
surgical approach, 270, 272–273

lower extremities, differential diagno-
sis, 300–304

peripheral vascular occlusive disease
with, 236–241
arteriogram, 239, 239f
completion arteriogram, 240–241, 241f
diagnosis and recommendation,

239–240
differential diagnosis, 236
noninvasive laboratory workup, 238f
surgical approach, 240

venous stasis, 305–310
air plethysmography, 307
ascending and descending venogra-

phy, 307f, 308
diagnosis and recommendation, 308
differential diagnosis, 305
photoplethysmography study, 305f,

306
surgical approach, 308–309
venous duplex scan, 306, 306f

venous vs. arterial, 305
Ultrasonography

asymptomatic vs. symptomatic AAAs,
139

for guided compression repair, 260
for penetrating trauma, 315

United Kingdom Small Aneurysm Trial
(UKSAT), 146–147

Upper extremities
arterial occlusive disease, 79–83

angiogram, 82f
arteriography, 80, 80f
differential diagnosis, 79
surgical approach, 81–82

atherosclerotic occlusive disease of, 51
ischemia

arteriography, 98, 98f
differential diagnosis, 97
and subclavian artery aneurysms, 99

trauma, 321–325
arteriogram, 323, 323f
diagnosis and recommendation,

324–325
surgical approach, 323–324
x-ray, 321, 321f

weakness, 17
Urokinase plasminogen activator (uPA),

191

V
Varicose veins, 288–292, 288f

differential diagnosis, 288
excising, 285–286
surgical approach, 291–292
venous duplex ultrasound, 290, 290f

Vascular endothelial growth factor
(VEGF), 282

Vascular injuries, repair options, 315–317
Vascular smooth muscle, estrogen and, 12
Vasculitis, 301
Vasospasm, 85, 357

from drug abuse, 333
Vein grafts

for critical limb ischemia, 237
vs. prosthetic grafts, 54

Vena cava
inferior

approach to repair, 316
filter after trauma, 311–313, 313f

injury repair, 319
Vena cava fistula

abdominal aortic aneurysm with,
154–158
angiogram, 156, 156f
surgical approach, 156–157

Venous insufficiency
postphlebitic syndrome, 300–304

differential diagnosis, 300

duplex ultrasound scan, 300f, 301
surgical approach, 302–303

unilateral lower extremity edema sec-
ondary to, 284–287
diagnostic tests, 284
duplex scan, 285, 285f

Venous photoplethysmography, 289,
290f

Venous pressure
elevated, 308
on standing, normal baseline vs. ab-

normal, 302–303
Venous refill time, 284
Venous stasis syndrome, 308
Venous stasis ulcers, 305–310

air plethysmography, 307
ascending and descending venography,

307f, 308
diagnosis and recommendation, 308
differential diagnosis, 305
photoplethysmography study, 305f, 306
surgical approach, 308–309
venous duplex scan, 306, 306f

Venous thrombosis of splanchnic venous
circulation, 359–363

Venous ulcers, vs. arterial, 305
Veterans Affairs Cooperative Asympto-

matic Trial, 29
Visceral arteries, collapse, 128
Volar compartment of forearm, 324

W
Warfarin, for arterial dissections, 61
Weight loss, chronic mesenteric ischemia

and, 349
Working Party on Thrombolysis, 347
Wounds. See also gunshot wounds; stab

wound
chronic venous insufficiency and de-

layed healing, 303
Wylie’s technique, 54

X
Xenon CT scan, 18f
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