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 Strictly defi ned, vascular surgery involves performing procedures on blood vessels outside the 
heart and brain. Although this defi nition is technically accurate, it only scratches the surface of 
vascular surgery in the twenty-fi rst century. Vascular surgeons operate on arterial and venous 
disease, repair hemorrhagic injuries, perform endovascular interventions, create vascular 
access, and manage diabetic foot infections to name just a few areas of practice. Although 
vascular surgery emerged as a subspecialty in the 1980s, this fi eld still plays an important role 
in general surgery training and practice. Since fewer than 3,000 board certifi ed vascular sur-
geons practice in the USA, many general surgeons rely on their vascular surgery experience 
during residency to treat patients with vascular problems. In a recent review of operative logs 
from nearly 5,000 surgeons, the American Board of Surgery found that general surgeons per-
formed 46 % of vascular surgery procedures [1]. Although efforts to increase the number of 
vascular surgeons have begun, general surgeons will continue to care for vascular patients 
given the rapidly increasing elderly population and the comparatively small number of resi-
dency and fellowship trained vascular surgeons entering the work force each year. Unfortunately, 
the training that general surgery residents receive in vascular surgery has become less consis-
tent as vascular practice moves toward endovascular therapy. For many general surgery resi-
dents, the breadth of their case volume in vascular surgery experience has narrowed to dialysis 
access, amputation, and varicose vein management. 

 Therefore, fi nding an appropriate reference book for general surgeons who treat vascular 
patients can be challenging. Multi-volume textbooks of vascular surgery provide an extremely 
detailed and comprehensive approach to vascular conditions that may not readily translate into 
real-world practice. At the other extreme, general surgery textbooks condense vascular surgery 
into a few chapters that often lack the technical details and treatment guidelines valued by a 
practicing surgeon. This book directly addresses the needs of general surgeons who perform 
vascular surgery during residency training, clinical practice, or both. As a clinically oriented 
resource this book focuses on the diagnosis and clinical management of vascular conditions 
while describing the technical details and pitfalls to avoid when performing common vascular 
surgery procedures. Ideally this book will serve as a “one stop” information source that sur-
geons and trainees will turn to as a valuable reference, surgical atlas, and study guide. 

 The contributing authors have used clear illustrations and evidence based treatment recom-
mendations to create clinically relevant chapters. The fi rst chapter provides an organized 
approach to the vascular patient with an emphasis on history, physical exam, risk factors, and 
diagnostic options. Most vascular conditions require some form of physiologic study or imag-
ing exam to clarify the diagnosis and assist with treatment planning. Chapter   2     lays the founda-
tion for successful vascular surgery by illustrating common vascular exposures and describing 
fundamental technical principles unique to arterial surgery. The rest of the book is organized 
into parts on arterial disease, venous disease, vascular trauma, vascular access, and complex 
vascular conditions. 

 The chapters on acute arterial disease outline the management and surgical techniques for 
the treatment of acute limb ischemia, compartment syndrome, and diabetic foot infections. 
Restoring fl ow to an acutely ischemic limb is one of the defi ning interventions of vascular sur-
gery. In many cases, an expeditious surgical thrombectomy as described in Chap.   3     can be the 
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difference between limb salvage and major amputation. Likewise, compartment syndrome 
r epresents a limb threatening condition that may require immediate intervention by a general 
surgeon. Chapter   4     explains and illustrates the steps involved in a fasciotomy which can be a 
limb saving procedure. Diabetic foot infections are included in this part (Chap.   5    ) because of 
their tendency to require acute surgical intervention. Failure to recognize and adequately debride 
diabetic foot infections when indicated can have devastating local and systemic consequences. 

 Chronic arterial disease is addressed in chapters on the management of claudication, critical 
limb ischemia, and lower extremity amputation. Peripheral arterial disease (PAD) affects tens 
of millions of patients and can cause disabling symptoms. Chapter   6     discusses the diagnosis 
and risk factors associated with claudication while providing an overview of the medical, 
endovascular, and surgical treatment options. Chronic critical limb ischemia can manifest as 
ischemic rest pain, non-healing ulcers, or gangrene. Chapter   7     focuses on recognizing critical 
limb ischemia and preparing patients for limb salvage which may involve surgical, endovascu-
lar, and medical therapy. In some patients, complete limb preservation is not possible and an 
amputation is required. A well performed amputation of the toe, forefoot, or leg can have a 
signifi cant impact on a patient’s recovery potential and quality of life. Chapter   8     provides 
guidelines for choosing the appropriate level of amputation and gives a detailed description of 
several common amputations. 

 The part on venous disease includes chapters on deep and superfi cial venous thrombosis, 
chronic venous insuffi ciency, varicose veins, and inferior vena cava (IVC) fi lter placement. 
Acute deep venous thrombosis (DVT) poses an immediate life threatening problem if it becomes 
a pulmonary embolism (PE) and a long term disability risk if it causes venous dysfunction. 
Chapter   9     discusses the medical, endovascular, and surgical treatment modalities for acute DVT 
which are aimed at minimizing the short and long term clinical impact of venous thrombosis. 
Rarely, anti-coagulation failure or contraindication warrants placement of an IVC fi lter to 
reduce the risk of pulmonary embolism. Chapter   13     outlines the indications and risks associated 
with IVC fi lters and describes the technical aspects of placing and retrieving IVC fi lters. 
Superfi cial venous thrombosis (SVT) can complicate intravenous access and may become an 
important clinical problem with the increasing use of peripherally inserted central catheters 
(PICC lines). Chapter   10     provides practical guidelines for recognizing and managing 
SVT. Chronic venous disease encompasses a wide spectrum of clinical disorders ranging from 
spider veins to non-healing venous ulcers. Chapter   11     focuses on the pathophysiology and non-
interventional treatment strategies for chronic venous insuffi ciency while Chap.   12     describes 
various techniques for treatment of varicose veins and superfi cial venous insuffi ciency. 

 The part on vascular trauma emphasizes surgical intervention for blood vessel injuries that 
occur in the neck, abdomen, and extremity. Modern management of vascular neck trauma 
incorporates the injury location, hemodynamic status of the patient, and imaging results. 
Chapter   14     describes the surgical approach and technical details involved in repairing arterial 
and venous injuries in each anatomic zone of the neck. Abdominal vascular injuries often 
prove to be fatal without prompt surgical exposure and effective vascular control. Chapter   15     
illustrates and explains the maneuvers necessary to isolate, clamp, and repair the major abdom-
inal vessels. Extremity vascular trauma poses an ischemic and hemorrhagic risk which may 
require immediate revascularization or temporary stabilization followed by delayed defi nitive 
repair. Chapter   16     reviews the management of extremity vascular injury including anatomic 
exposures, the use of tourniquets and shunts, and revascularization principles. 

 All surgeons regularly encounter patients with vascular access issues. Nearly half a million 
people receive hemodialysis in the USA, and most critically ill patients require some form of 
central venous access. Chapter   17     provides an overview of venous access options and 
describes insertion techniques aimed at maximizing safety and effi ciency. Establishing and 
maintaining hemodialysis access can be a challenging undertaking that requires planning, 
persistence, and technical skill. Chapter   18     illustrates and explains the most common arterio-
venous access procedures while Chap.   19     focuses on the recognition and management of 
vascular access complications. 
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 The fi nal part covers a wide range of vascular topics that are associated with more  complicated 
clinical issues. These chapters provide a broad overview of the diagnosis and treatment principles 
for vascular conditions that usually warrant referral to a vascular specialist. Chapter   20     summa-
rizes the most recent data and guidelines for managing patients with carotid, renal, and mesen-
teric stenosis. Chapter   21     describes the surgical and endovascular treatment options for aortic 
pathology including dissections, aneurysms, and traumatic transections. Non- atherosclerotic 
 diseases often pose a diagnostic challenge because of their rarity and unusual clinical manifesta-
tions. Chapter   22     provides a well-organized and concise reference for evaluating patients with 
hypercoaguable disorders, vasculitis, and other uncommon conditions. All surgeons caring for 
vascular patients must be prepared to recognize and treat hemorrhagic and infectious complica-
tions. Chapter   23     uses clear treatment algorithms to explain the management of common compli-
cations associated with vascular surgery and endovascular interventions. 

 Approximately 75 % of general surgery residents plan to pursue fellowship training in one 
of a dozen or more clinical areas [2]. Despite this trend toward subspecialization, general sur-
geons still derive benefi t from their training and experience in vascular surgery. The ability to 
control bleeding, restore perfusion, establish vascular access, and manage the increasing 
n umber of patients with atherosclerotic and venous disease remain valuable skills for general 
surgeons. Practicing surgeons and surgical trainees can now turn to this book as a concise and 
clinically oriented information source for vascular surgery. 

 Syracuse, NY, USA Vivian Gahtan, MD, FACS 
  Michael J. Costanza, MD, FACS 
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The wide spectrum of vascular signs and symptoms requires 
an organized approach to the patient suspected of having 
arterial or venous disease. This chapter focuses on the essen-
tial information that a general surgeon needs to recognize 
and investigate patients with vascular disease. The basic 
concepts of noninvasive tests including ultrasound are also 
described because these exams play a central role in the diag-
nosis and confirmation of vascular disease. A brief descrip-
tion of the indications and limitations of other imaging 
options, e.g., magnetic resonance angiography, computed 
tomography, and catheter angiography, is also included.

�Approach to the Patient with Vascular 
Disease

�Key Points of History and Physical

The physical examination of the patient with vascular dis-
ease begins when he or she enters the office. Patients can be 
assessed for functional status: oxygen tank in hand, wheel-
chair, use of a cane, or normal ambulation and gait. With this 
initial assessment the surgeon can gauge the ability of the 
patient to tolerate a vascular reconstruction. Patients with 
limited functional status are unlikely to be ideal candidates 
for major surgery.

�Carotid Artery Occlusive Disease

Approximately 80 % of strokes are ischemic and 20 % are 
hemorrhagic. Hemodynamically significant carotid stenosis 
is the most common cause of ischemic stroke accounting for 

20–30  % of ischemic strokes. A directed history can help 
determine if a patient with carotid stenosis is symptomatic or 
asymptomatic. Ipsilateral monocular blindness or amaurosis 
fugax is usually described as a shade being pulled down over 
one eye. Vision loss lasts for a few minutes before returning 
to normal. Transient ischemic attacks (TIA) consist of con-
tralateral episodic paresthesia and motor deficits, slurred 
speech, or aphasia. By definition, TIA symptoms resolve in 
less than 24 h; however, the typical TIA lasts only a few min-
utes. If a neurologic deficit persists for more than 24 h, it is 
considered a stroke. Brain imaging performed for atypical 
neurologic symptoms can confirm the presence of a stroke. 
In the landmark North American Symptomatic Carotid 
Endarterectomy Trial (NASCET), symptoms had to occur 
within the previous 120 days for patients to be classified as 
“symptomatic” [1].

Physical examination of the patient with suspected carotid 
stenosis should include an evaluation for conditions that 
could complicate surgical intervention including scars from 
previous surgery, soft tissue changes caused by neck radia-
tion, and unfavorable body habitus (obesity, short neck). 
Voice quality should also be assessed to evaluate for a previ-
ous laryngeal nerve injury. Auscultation of the neck can 
detect carotid bruits which signify carotid stenosis in up to 
one third of patients.

�Peripheral Artery Disease (PAD)

Clinical symptoms of PAD vary along a spectrum of severity 
ranging from mild intermittent claudication to limb-
threatening trophic changes. Claudication involves lower 
extremity muscle pain precipitated by walking that resolves 
with rest. Pain localizes to the muscle groups one level distal 
to the arterial stenosis or occlusion. For example, disease 
involving the superficial femoral artery manifests as calf 
claudication while aortoiliac occlusive disease usually 
causes hip or thigh discomfort with walking. Patients with 
PAD and claudication have adequate blood flow at rest; pain 
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occurs only when the increased metabolic demand created 
by exercising muscle exceeds the available blood supply due 
to the degree of fixed arterial obstruction [2]. Aside from 
diminished distal pulses, physical findings are usually absent 
at this stage.

The differential diagnosis of intermittent claudication 
should include musculoskeletal and neurologic causes of 
lower extremity pain. Calf claudication symptoms can occur 
because of venous obstruction, chronic compartment syn-
drome, nerve root compression, or a Baker’s cyst. Chronic 
compartment syndrome typically causes a tight bursting sen-
sation in the calf while symptoms associated with venous 
obstruction often require leg elevation for relief. Hip or but-
tock claudication should be differentiated from pain related 
to spinal cord compression or hip arthritis. Patients with spi-
nal cord compression often have a history of back pain and 
complain of leg symptoms that occur when standing and 
require a change in position as well as rest for relief. Arthritis 
causes pain in one or several joints that is triggered by vari-
able amounts of exercise. Foot pain or in step claudication 
due to PAD rarely occurs and should be distinguished from 
other causes related to arthritis or inflammatory processes.

In patients with ischemic rest pain arterial occlusive dis-
ease is so severe that lower extremity perfusion fails to meet 
the basal metabolic demands of nerves in the foot. In this 
limb-threatening condition, burning pain in the forefoot typi-
cally increases when the patient is supine and is mitigated to 
some degree with the foot in a dependent position. Patients 
with ischemic rest pain occasionally present with chronic 
lower leg edema because of their tendency to keep the foot in 
a dependent position, often hanging the leg over the side of 
the bed at night. This physical finding can create a confusing 
clinical picture and trigger an evaluation for venous throm-
bosis unless the health care provider performs a careful his-
tory and physical to detect the presence of arterial disease. 
Physical findings in patients with advanced arterial disease 
include decreased skin temperature and delayed capillary 
refill, as well as Buerger’s signs (dependent rubor and pallor 
on elevation). Trophic changes represent the most severe man-
ifestations of chronically impaired lower extremity circulation. 
These changes range from subtle signs such as dependent 
rubor, cyanosis, loss of hair or nail substance, and atrophy of 
skin and muscle to frank ulceration and gangrene. The pres-
ence of trophic changes indicates impending limb loss and 
requires urgent intervention for limb salvage [3].

Many patients with PAD have disease in other vascular 
territories including the coronary, carotid, and renal arteries 
with consequences, i.e. renal impairment that may affect 
diagnostic strategies [4]. A thorough vascular evaluation 
should elicit symptoms of angina or transient ischemic 
attacks in addition to documenting a history of prior myocar-
dial infarction or stroke. Men with PAD symptoms should be 
questioned about the presence of erectile dysfunction which 

frequently occurs in association with aortoiliac arterial 
occlusive disease.

Pulses should be palpated at all levels of the lower extremity: 
femoral, popliteal, dorsal pedal, and posterior tibial. Pulse 
strength can be quantified on a 3-point scale: +2 (normal), 
+1 (diminished), and 0 (no palpable pulse). If the pulse is not 
palpable, a handheld Doppler should be used to determine 
the presence or absence of flow in the vessel. If a Doppler 
signal is present, it should be described as monophasic, 
biphasic, or triphasic.

�PAD Staging
After making the diagnosis of chronic lower extremity isch-
emia, efforts should focus on establishing the severity of dis-
ease. The stage of PAD and the natural history of each stage 
ultimately determine the most appropriate therapeutic modal-
ity. Most vascular surgeons use Rutherford’s classification that 
defines claudication categories 0–3 as asymptomatic, mild, 
moderate, and severe, respectively (Table 1.1) [5]. Categories 
4–6 encompass ischemic rest pain and minor and major tissue 
loss in patients with critical limb ischemia. Rutherford’s clas-
sification provides a standardized method for describing the 
clinical situation and documenting improvement or deteriora-
tion over time [5]. The other classification that is used by our 
medical colleagues is the Fontaine classification. In this clas-
sification, the stages of the disease are categorized into class I 
through IV (class I corresponds to Rutherford category 0 and 
class IV corresponds to Rutherford’s category 3).

�Aneurysms

An aneurysm is defined as abnormal dilatation of a blood ves-
sel greater than 1.5 times the size of the native vessel at that 
location. Most abdominal aortic aneurysms (AAA) are asymp-
tomatic and are only detected by physical exam or as an inci-
dental finding on an imaging study. Rare symptoms of an 
intact AAA include abdominal or back pain and compressive 
symptoms on the gastrointestinal tract or genitourinary system 
related to the size of the aneurysm. Although the classic triad 

Table 1.1  Classification of peripheral arterial disease (PAD): 
Rutherford categories

Grade Category Clinical description

0 0 Asymptomatic
I 1 Mild claudication
I 2 Moderate claudication
I 3 Severe claudication
II 4 Ischemic rest pain
III 5 Minor tissue loss
III 6 Major tissue loss

Reprinted from AbuRahma and Campbell [9], p. 269
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of a ruptured AAA involves abdominal and/or back pain, 
hypotension, and a pulsatile abdominal mass, most patients do 
not have all three signs at their initial presentation.

Abdominal examination should include deep palpation of 
abdomen for the presence of a pulsatile mass. The width of 
the aortic pulsation provides some estimation of the size of 
the aneurysm. Rectal examination can be helpful to detect 
large aneurysms of the internal iliac arteries. The femoral 
and popliteal arteries should be examined in all patients with 
diagnosis of a AAA because of the association between 
abdominal and peripheral aneurysms. Widened pulses in the 
popliteal fossa are the most common finding in patients with 
popliteal aneurysms.

�Venous Disease

Venous disease can present with a variety of symptoms. The 
spectrum of symptomatic venous reflux ranges from cosmetic 
concerns to leg swelling and lower extremity skin ulceration 
in severe cases. Physical examination should assess for 
edema, varicose veins, skin changes (stasis dermatitis or 
lipodermatosclerosis), and active or healing ulcerations which 
typically occur over the medial malleolus region.

�Other Vascular Disorders

A directed history and physical exam plays an important role 
in planning vascular access in patients with chronic kidney 
disease. Patients should be questioned about previous central 
venous catheter, pacemaker, or defibrillator placement and a 
history of previous access surgery and/or radial artery harvest 
for coronary artery bypass should be elicited. The Kidney 
Disease Outcome Quality Initiative (K-DOQI) guideline rec-
ommends performing a preoperative venogram in patients 
with any of the above circumstances prior to proceeding with 
upper extremity vascular access creation. Physical examina-
tion in these patients should evaluate for signs of previous 
central venous access such as scars in neck or chest wall, as 
well as chest wall devices, i.e., ports, pacemakers, and auto-
matic implantable cardioverter defibrillators. Prominent 
venous collaterals on the chest wall should also raise suspi-
cion for chronic central venous stenosis or occlusion.

�Cardiovascular Risk Factors

The probability that a patient has vascular disease depends in 
part on his or her demographics and underlying clinical condi-
tions. These cardiovascular risk factors include hypertension, 
hypercholesterolemia, cigarette smoking, diabetes mellitus, 
obesity, stress, family history, and sedentary lifestyle.

�Age
The incidence and prevalence of PAD significantly increase 
with age. Approximately 12 % of adult men aged between 55 
and 74 years have PAD [6].

�Gender
The prevalence of PAD is slightly higher in men than in 
women, particularly in the younger age group. The ratio of 
men to women in patients with intermittent claudication 
ranges between 1:1 and 2:1. Some studies involving 
patients with severe PAD report a male-to-female ratio 
exceeding 3:1 [6].

�Smoking
Intermittent claudication is three times more common 
among smokers than nonsmokers. The association between 
smoking and PAD may be even stronger than that between 
smoking and coronary artery disease. People that smoke 
develop PAD a decade earlier than nonsmokers, and the 
severity of PAD increases with the number of cigarettes 
smoked. The incidence of claudication decreases with 
smoking cessation.

�Diabetes Mellitus
Intermittent claudication is twice as common among diabetic 
patients as among nondiabetics. For every 1 % increase in 
hemoglobin A1c, there is a corresponding 26  % increased 
risk of PAD [7]. Major amputation is also five to ten times 
higher in diabetics than in nondiabetics.

�Dyslipidemia
A fasting cholesterol level greater than 270 mg/dL doubles 
the incidence of intermittent claudication [8].

�Hypertension
Although hypertension is associated with all forms of cardio-
vascular disorders, the relative risk of developing PAD is less 
for hypertension than for diabetes or smoking (Fig. 1.1).

�Hyperhomocysteinemia
Hyperhomocysteinemia may be an independent risk fac-
tor for atherosclerosis as it is detected in about 30 % of 
young patients with PAD compared to 1 % in the general 
population [10].

�Inflammatory Markers/C-Reactive Protein
Recent studies have shown that C-reactive protein (CRP) is 
higher in asymptomatic subjects who developed PAD in the 
subsequent 5  years, compared to an age-matched control 
group who remained asymptomatic [11].

�Chronic Renal Insufficiency
PAD has been associated with chronic renal insufficiency.

1  Diagnosis and Imaging
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�Hypercoagulable States
Hyperviscosity and raised hematocrit have been detected in 
patients with PAD, which may be a consequence of smoking. 
Increased plasma fibrinogen levels have also been associated 
with PAD in some studies [6].

�Ethnicity
PAD defined as an ABI of ≤0.9 was more common in non-
Hispanic blacks (7.8 %) than in whites (4.4 %) [12].

�Noninvasive Vascular Laboratory Exams

�Cerebrovascular Noninvasive Vascular Testing

Carotid duplex ultrasound remains the initial exam of choice 
for evaluating patients with suspected cerebrovascular disease.

�Indications
Common indications for carotid duplex sonography include 
a cervical bruit in an asymptomatic patient and the presence 

of symptoms suggesting a hemispheric or retinal TIA or 
stroke [13, 14]. Carotid duplex exams can provide a stroke 
risk assessment for patients with coronary disease and PAD 
as well as patients with multiple atherosclerotic risk factors. 
Other less common indications for carotid duplex sonogra-
phy include intraoperative assessment during carotid surgery 
or stenting. Patients with posterior circulation symptoms 
which typically involve exertional lightheadedness or 
impaired vision associated with upper extremity exertion 
also warrant a carotid duplex exam.

�Follow-Up After Carotid Intervention/
Surveillance
Patients with atherosclerotic risk factors and an initial duplex 
exam demonstrating less than 50 % stenosis of the internal 
carotid artery (ICA) can be reevaluated at 1–2-year intervals. 
Stenosis between 50 and 69  % should be followed at 
6–12  month intervals whereas severe stenosis greater than 
70 % should be considered for immediate intervention or sur-
veillance every 6 months depending on the clinical scenario.

�Limitations
The diagnostic accuracy of a carotid duplex exam depends 
on adequate sonographic visualization of the carotid arteries. 
Calcification creates acoustic shadows which impede ultra-
sound waves and prevent interrogation of blood flow veloci-
ties within the calcified arteries. Other conditions which 
prevent sonographic visualization include a cervical hema-
toma, soft tissue edema, the presence of sutures or skin sta-
ples, and exceptionally deep or tortuous vessels in patients 
with large necks.

A carotid duplex exam indirectly determines the severity 
of stenosis by measuring the blood flow velocity which is 
derived from the frequency shift using the Doppler equation. 
The accuracy of the exam therefore depends on measuring 
the true blood flow velocity with a known angle of insonation 
(usually 60°). Underestimating disease can occur in patients 
with long, smooth plaque formation which does not cause 
the accelerated, turbulent flow pattern usually associated 
with a focal, segmental stenosis. Failure to appreciate low-
intensity echoes of soft plaque or using an inappropriate 
Doppler angle can also underestimate the degree of stenosis. 
Overestimating the severity of stenosis can occur when an 
artifact is mistaken for a carotid plaque and when physiolog-
ically accelerated flow is inappropriately attributed to steno-
sis. The presence of vessel kinking or tortuosity, significant 
contralateral stenosis or occlusion, and cardiac dysrhythmias 
makes it more difficult to evaluate the flow spectra. Large-
caliber vessels generally have lower flow velocities com-
pared to smaller-caliber vessels at the same flow intensity. 
Therefore, blood flow in a wide carotid sinus can be easily 
disturbed and this physiologic turbulence could be falsely 
attributed to arterial stenosis.

Fig. 1.1  Approximate range of odds ratios for risk factors for symp-
tomatic peripheral arterial disease (Reprinted from Norgren et al. with 
permission from Elsevier [9]
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�Essentials of Examinations/Interpretation 
of Results
A duplex examination should provide detailed information 
of the extracranial carotid arteries. Grayscale (B-mode) 
imaging can characterize the plaque morphology within the 
common, internal, and external carotid arteries. Peak systolic 
and end diastolic velocities should be recorded at several 
points along the course of the common and internal carotid 
arteries as well as at least one point in the external carotid 
artery. The ratio of peak systolic velocity (PSV) in the inter-
nal carotid artery to the common carotid artery provides 
additional information to measure stenosis. Unfortunately 
many vascular laboratories do not meet the exam require-
ments and quality assurance guidelines required for accredi-
tation by the Intersocietal Accreditation Commission (IAC). 
Exam reports from unaccredited labs often lack reliability 
and may limit the physician’s ability to rely solely on this 
modality prior to carotid surgery. In 2003 Grant et  al. 
reported consensus velocity criteria for duplex ultrasonog-
raphy in an attempt to establish a more uniform method of 
classifying carotid stenosis (Tables 1.2 and 1.3) [15, 16]. 
Figures 1.2 and 1.3 show duplex ultrasound images of a normal 
carotid artery and severe stenosis of the ICA, respectively.

�Abdominal Aortic Ultrasound

The infrarenal abdominal aorta is the most common site of 
aneurysmal degeneration of the aorta. An abdominal aortic 
ultrasound can function both as a screening exam for AAA 
and as a surveillance imaging modality for patients with 
small AAA’s (Fig. 1.4).

�Indications
An aortic ultrasound should be used to evaluate patients with a 
pulsatile abdominal mass. Patients with a history or presence of 
a popliteal artery aneurysm should also be evaluated for an 
AAA because of the strong association between peripheral and 
aortic aneurysms. Appropriate candidates to undergo a screen-
ing abdominal aortic ultrasound exam include men or women 
older than 60 who have a first-degree relative with an AAA 
and men older than 65 who have ever smoked cigarettes.

�Limitations
Since ultrasound waves do not propagate well through air, 
the presence of excessive bowel gas prevents visualization of 
the aorta and renders the exam non-diagnostic. In morbidly 
obese patients, the depth of the abdominal aorta can exceed 
the penetration of even the lowest frequency ultrasound 
probe. Technically challenging ultrasound exams due to 
patient body habitus or previous abdominal surgery can 
compromise the spatial resolution of the sonographic images 
making it difficult to characterize aneurysm morphology. 
Ultrasound imaging may fail to identify saccular aneurysms 
which have an unpredictable natural history compared to the 
more commonly encountered fusiform aneurysms.

�Surveillance
The Society for Vascular Surgery recommends the following 
schedule for abdominal aortic ultrasound examinations in 
patients with an AAA: every 6 months for aneurysms with 
maximum diameter of 4.5–5.4 cm, annually for aneurysms 
measuring 3.5–4.4 cm, every 3 years for 3–3.4 cm AAAs, 
and in 5 years if the aortic diameter is 2.6–2.9 cm. Aneurysms 
exceeding 5.5 cm in diameter should be evaluated with com-
puted tomography to plan for surgical or endovascular repair.

�Essentials of Evaluation/Interpretation
Grayscale images with a transverse view of the aorta allow 
for measurement of the maximal aneurysm diameter. 
Ultrasound measurements of the aorta have proven to be 
accurate and reproducible; the results usually come within 
5 mm of measurements taken using computed tomography 
which is considered the gold standard [17]. It is important to 
clearly interpret the ultrasound exam report since some labo-
ratories provide the length of the aneurismal segment in 
addition to its maximal diameter. The diameter and rate of 

Table 1.2  Primary parameters for carotid duplex sonography

Duplex criteria Interpretation

ICA PSV of <125 cm/s with no  
visible plaques

Normal carotid

ICA PSV of <125 cm/s with visible 
plaque of less than 50 % diameter 
reduction

Less than 50 % stenosis

ICA PSV range of 125–230 cm/s with  
a visible plaque estimate of greater  
than 50 % diameter reduction

50–69 % stenosis

ICA PSV of greater than 230 cm/s  
and a plaque estimate of greater than 
50 % diameter reduction

Greater than 70 % stenosis 
but less than near occlusion

High, low, or undetectable PSV’s with 
visible plaques, variable systolic ratio

Near occlusion

Undetectable flow with visible plaque, 
no detectable lumen

Total occlusion

Table 1.3  Other parameters recommended for use only in borderline 
data

Duplex criteria Interpretation

ICA/CCA PSV ratio of less than 2  
and an ICA EDV of less than 40 cm/s

Normal carotid

ICA/CCA PSV ratio of 2–4 and  
an ICA EDV of 40–100 cm/s

50–69 % stenosis

ICA/CCA ratio of greater than 4  
and an ICA EDV greater than 100 cm/s

Greater than 70 % 
stenosis to near occlusion

1  Diagnosis and Imaging
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growth are the clinically important data points in the assess-
ment of infrarenal AAAs. Occasionally, urgent vascular sur-
gery referrals are made for 8 cm aneurysms that turn out to 
be only 4 cm in diameter but 8 cm in length.

�Ankle Brachial Index

The ankle brachial index (ABI) is the screening modality of 
choice for diagnosing patients with PAD. An ABI can be per-
formed in virtually any clinical setting using a manual 
sphygmomanometer and a handheld continuous wave 
Doppler. The patient should be in the supine position. With 
the blood pressure cuff placed above the patient’s ankle, the 
Doppler probe is used to locate the dorsal pedal or posterior 
tibial pulse. The blood pressure cuff is then inflated until the 
Doppler signal is no longer audible. The pressure at which 
the Doppler signal returns as the cuff slowly deflates is the 
systolic ankle pressure. The process is repeated for the 
remaining pedal pulse and then on the other leg. The brachial 
pressure in both arms should be measured using a similar 
technique with the blood pressure cuff around the upper arm 
and Doppler interrogation of the brachial, radial, or ulnar 
pulse. (The measured pressure is determined by cuff loca-
tion, not the Doppler site.) The ABI is the ratio of the higher 
of the ankle pressures (posterior tibial or dorsal pedal) of the 

Fig. 1.2  (a) B-mode image of proximal common carotid artery. (b) Color flow of proximal common carotid artery. (c) Duplex image of normal 
proximal internal carotid artery: PSV of 66 cm/s and EDV of 19 cm/s, no plaquing

Fig. 1.3  Duplex ultrasound of severe internal carotid artery stenosis: 
PSV of 391 cm/s and EDV of 107 cm/s with significant carotid plaquing

A.F. AbuRahma and P.A. Stone
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ipsilateral lower extremity compared to the highest brachial 
pressure (either right or left arm). The ABI is a reliable pre-
dictor of long-term survival and future risk of limb loss. Men 
with an ABI of less than 0.9 had an 18 % cardiovascular-
related mortality rate at 10-year follow-up compared to a 
4 % mortality rate for men with a normal ABI [18, 19].

In addition to the ABI, segmental Doppler pressures of 
the lower extremity, including high thigh, low thigh (above 
knee), below knee, and ankle pressures can be measured 
using appropriately placed blood pressure cuffs (Fig.  1.5). 
These exams are usually performed in the noninvasive 
vascular lab and provide more precise localization of occlu-
sive lesions in the lower limb [20]. Note that many vascular 
labs use a single wide cuff on the thigh instead of the two 
cuffs depicted in Fig. 1.5.

�Indications
A screening ABI should be considered in patients with dimin-
ished or absent peripheral pulses and in patients with symp-
tomatic PAD. Patients with diabetes and current or previous 
smokers over the age of 50 should also have a screening ABI.

Limitations
Calcified arteries can render the ABI inaccurate by falsely 
elevating the ankle pressure or making the tibial arteries non-
compressible. These changes occur more frequently in 
patients with long-standing diabetes mellitus. In patients 
with noncompressible ABIs, the Doppler pressure in the toe 
accurately reflects arterial perfusion since calcification usu-
ally spares the small digital blood vessels. Toe pressures may 
also be a reasonable alternative in patients who cannot have 
an ABI because of the presence lower leg wounds which pre-
vent application of a blood pressure cuff. Most noninvasive 
vascular laboratories have appropriately sized blood pressure 
cuffs to measure the toe pressure.

Interpretation of Results
Normally the systolic ankle pressure equals or slightly 
exceeds the systolic brachial pressure. Patients with normal 
lower extremity arterial pressure therefore have an ABI of 
1.0–1.2. PAD is defined as an ABI of less than 0.9 and the 
severity of PAD increases as the ABI decreases (Table 1.4). 
Patients with significant medial calcinosis often have a 
falsely elevated ABI which can signify severe PAD and 

Fig. 1.4  Ultrasound of native aorta showing abdominal aortic aneurysm, (a) transverse view – notice intraluminal thrombus (dotted line), (b) 
sagittal view

Fig. 1.5  Technique for measuring the segmental Doppler pressures 
using the four-cuff method

1  Diagnosis and Imaging
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predict poor long-term outcomes. Segmental blood pressure 
measurements indicate the presence of significant arterial 
disease if they demonstrate a pressure decrease of 30 mmHg 
or greater between adjacent segments, e.g., high thigh and 
above knee pressures (for superficial femoral occlusion, 
Fig. 1.6) or above knee and below knee pressures (for popli-
teal occlusion). Toe pressure and the calculated toe brachial 
index can predict wound healing following digital and foot 
amputations.

�Duplex Ultrasound Exam of the Lower Extremity

An arterial duplex exam is a unique diagnostic tool that 
provides both anatomic and physiologic information. The 
exam involves grayscale imaging and blood flow velocity 
measurements along the entire course of the lower extremity. 
The level of detail provided by an arterial duplex can localize 
the diseased arterial segments and differentiate between 
stenosis and complete occlusion.

Indications
An arterial duplex exam is a valuable diagnostic tool to eval-
uate patients with symptomatic PAD including those with 
claudication, ischemic rest pain, or tissue loss. Patients with 
a leg or foot infection who do not have palpable pulses 
should also be considered for lower extremity arterial duplex 
evaluation. Since an arterial duplex does not require the use 
of intravascular contrast, this imaging modality is useful for 
evaluating patients with coexisting renal impairment. Arterial 
duplex exams also play an important role in the surveillance 
of patients with lower extremity bypasses. Careful follow-up 
using arterial duplex scans can improve the long-term 
patency of infrainguinal bypasses by detecting areas of pro-
gressive stenosis thereby allowing for therapeutic interven-
tion before the bypass graft completely occludes.

Limitations
Arterial calcifications reflect ultrasound waves and may limit 
the ability to detect and measure the blood flow velocity. 
Patient factors such as severe lower extremity edema and 
obese body habitus increase the technical difficulty and 
decrease the accuracy of a lower extremity arterial duplex 

exam. Like other noninvasive ultrasound exams, the overall 
quality of an arterial duplex often depends on the skill and 
persistence of the sonographer.

Arterial duplex ultrasonography is an extremely sensitive 
and labor-intensive exam that should not be used to screen 
patients for the presence of PAD. The evaluation of patients 
suspected of having PAD should begin with the history and 
physical followed by an ABI.  Arterial duplex should be 
reserved for patients with an unclear diagnosis or in patients 
in whom an intervention is being considered.

Duplex Ultrasound Interpretation  
in Patients with PAD
The results of an arterial duplex exam are usually expressed 
as peak-systolic velocity (PSV) and velocity ratio (VR) which 
is calculated by dividing the PSV at the stenosis by the PSV 
just proximal to the stenosis. Khan et al. defined greater than 
70 % stenosis in the native femoropopliteal arteries as a PSV 
exceeding 200 cm/s and a VR greater than 2.5 [21]. Table 1.5 
lists the velocity criteria proposed by Armstrong and Bandyk 
for de novo femoropopliteal arterial lesions [22].

The presence of a proximal stenotic or occlusive lesion 
can reduce downstream blood flow velocity. Preserving the 
accuracy and sensitivity of the arterial duplex exam may 
therefore require adjusting the velocity criteria for patients 
with multilevel occlusive disease. Figure 1.7 shows a duplex 
ultrasound of a hemodynamically significant stenosis in the 
superficial femoral artery.

�Duplex Vein Mapping

Indication
The K-DOQI guidelines for arteriovenous access recom-
mend preoperative duplex vein mapping for all patients who 
require hemodialysis access surgery. Duplex vein mapping 
increases the creation of native arteriovenous fistulas by 
detecting adequate caliber superficial veins in the upper 
extremity [23]. It is not uncommon to have a patient referred 
with a previous failed arteriovenous graft who still has suitable 
veins for autogenous fistula creation detected by duplex vein 
mapping. Preoperative duplex vein mapping of the saphe-
nous veins (great and small) can be useful in patients who 
require lower extremity arterial bypass.

Limitations
The fluid status of the patient and the ambient room tempera-
ture can influence the diameter of superficial veins. 
Performing a duplex vein mapping on a dehydrated patient 
in a cool room can significantly underestimate the true cali-
ber of the veins. In obese patients the large size of the arm 
can limit the ability to precisely measure vein diameter.

Table 1.4  Ankle brachial index (ABI)

ABI Interpretation

1.0–1.2 Normal
0.7–.09 Mild PAD
0.5–.07 Moderate PAD
0.3–0.5 Severe PAD
<0.3 Critical limb ischemia

A.F. AbuRahma and P.A. Stone
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Fig. 1.6  Segmental systolic limb pressures and pressure volume recordings in a patient with normal lower extremity arterial perfusion (a) and in 
a patient with severe aortoiliac arterial occlusive disease (b)

1  Diagnosis and Imaging
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Fig. 1.6  (continued)
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Essentials of Evaluation/Interpretation of Results
Upper extremity vein mapping should be performed in a 
warm room on well-hydrated patients. The exam begins by 
evaluating the patency of the deep and superficial veins 
along their entire course in the upper arm and forearm. 
Patent veins demonstrate complete compressibility with 
gentle pressure from the ultrasound probe. Most vascular 
laboratories perform superficial vein diameter measure-
ments with a tourniquet in place on the proximal upper arm. 
The anterior-posterior and transverse diameters of both the 
cephalic and basilic veins from the wrist to axilla should be 
recorded in chart form to enhance clarity. Superficial veins 
with a diameter of 3 mm or more have the best chance of 
maturing into a functional arteriovenous fistula. Evaluating 
vein diameters in the more proximal upper extremity in 
addition to recording the vein caliber at the proposed anas-
tomotic site can identify sclerotic vein segments that could 
impede fistula maturation. The basilic vein in the upper arm 
always requires ultrasound evaluation since its location 
deep to the fascia prevents visual inspection.

A thorough preoperative exam for patients requiring 
hemodialysis access includes bilateral brachial blood pres-
sure measurement and waveform analysis of the axillary, 
brachial, radial, and ulnar arteries. A greater than 20 mm 
Hg difference in upper extremity blood pressures warrants 
using the extremity with the higher pressure or performing 

preoperative angiography to assess for arterial occlusive 
lesions. Waveform analysis may indicate the presence of ath-
erosclerotic disease in the upper extremity which can predis-
pose the patient to develop hemodynamic steal symptoms 
after AV fistula creation. Patients with a history or physical 
exam findings which suggest central venous stenosis should 
be considered for preoperative venography to evaluate the 
central veins prior to access creation.

�Venous Duplex Ultrasound for Endovascular 
Therapy

Endovenous ablation of the great saphenous vein has become 
one of the most common vascular procedures performed in the 
United States. Instead of surgically stripping an incompetent 
great saphenous vein, an endovenous ablation procedure uses 
percutaneous access to heat the inside of the vein. This intralu-
minal heat denatures the endothelium resulting in permanent 
occlusion of the vein. Duplex ultrasound plays a central role in 
both the preparation for and the performance of endovenous 
ablation procedures. Prior to an intervention, venous duplex 
sonography can evaluate for the presence of superficial venous 
reflux that is amenable to endovenous treatment. During the 
endovenous procedure, ultrasound provides imaging guidance 
for percutaneous access, placement of the ablation catheter, 
and infusion of tumescent anesthesia.

Indications
Patients with symptomatic varicose veins, chronic leg edema, 
lipodermatosclerosis, or venous ulcers should be considered 
for duplex ultrasound evaluation of both the superficial and 
deep venous systems. An endovenous ablation procedure may 
have therapeutic value for patients with duplex-proven reflux 
in the saphenous system and absence of occlusive thrombosis 
in the deep venous system. Varicose veins usually warrant 
intervention if the symptoms are refractory to leg elevation, 
prescription strength support hose, and minor analgesics.

Limitations
During the venous duplex exam, maneuvers designed to 
elicit venous reflux include having the patient stand up or 
perform the Valsalva maneuver. Patients with limited mobil-
ity or poor cooperation cannot participate in this part of the 
exam and therefore cannot be evaluated for venous reflux. 
Active ulcers and morbid obesity can also limit sonographic 
visualization especially during the evaluation for perforating 
veins and reflux segments.

Essentials of Evaluation
Duplex venous ultrasound exams should include the deep 
venous system, the superficial veins (great and small saphe-
nous veins), and abnormal venous perforators when present. 

Fig. 1.7  Duplex scan of mid-thigh superficial femoral artery stenosis 
in a patient with calf claudication. At rest, a triphasic waveform was 
recorded proximal and at a focal stenosis with a PSV of 441 cm/s and 
VR of 8.4 (criteria indicating a >75 % diameter reducing stenosis [22]) 

Table 1.5  Duplex-specific velocity criteria for femoropopliteal stenosis

PSV VR Degree of stenosis

<200 cm/s <2 Less than 50 %
200–300 cm/s 2–4 50–75 %
>300 cm/s >4 Greater than 75 %
No flow – Complete occlusion
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The deep and superficial venous systems should be assessed 
for patency and the presence of venous reflux. Most vascular 
labs define abnormal reflux as retrograde venous flow that 
exceeds 1 s in the deep veins, 0.5 s in the superficial veins, and 
0.3 s in the perforating veins. The diameter of the great and 
small saphenous veins should also be recorded from groin to 
ankle and popliteal fossa to ankle, respectively. The location of 
perforating veins which are usually present along the medial 
distal calf and thigh should be documented as well.

�Venous Duplex for Deep Vein Thrombosis

Duplex ultrasonography to evaluate for deep venous throm-
bosis remains the most commonly performed noninvasive 
vascular exam. Patients with clinical findings suggestive of 
DVT and prothrombotic risk factors such as cancer, hyperco-
agulability, recent surgery or trauma, and immobility should 
be considered for duplex evaluation of the venous system.

Indications
Although many patients with a DVT have no symptoms, 
some patients experience new onset of pitting edema or 
symptomatic leg swelling with the entire limb or calf mea-
suring more than 3  cm larger than contralateral extremity. 
Localized tenderness along the venous system and the pres-
ence of superficial collateral veins that are not varicose 
should also raise the suspicion of an underlying DVT. Patients 
recently diagnosed with a pulmonary embolism should 
undergo a lower extremity venous duplex exam to evaluate 
for the source of the embolic event.

Limitations
Any condition which prevents complete compression of the 
lower extremity veins including obesity, severe edema, and 
open wounds will decrease the diagnostic accuracy of duplex 
ultrasonography.

Essentials of Examination
Failure to completely compress a vein is the most sensitive 
sonographic sign of acute DVT [24]. Evaluating for com-
pressibility involves obtaining a grayscale image of the vein 
in the transverse plane and exerting manual pressure with the 
ultrasound probe. This technique should be repeated along 
the entire course of the lower extremity deep veins from the 
groin to the ankle. A complete venous duplex exam also 
includes color flow assessment of the veins with and without 
augmentation and Doppler waveform evaluation. The 
Doppler signal in a normal vein varies with respiration and 
this is often described as a spontaneous phasic augmented 
signal (SPA) (Fig. 1.8). Waveform analysis can confirm aug-
mentation of flow which is tested by compressing the leg 
distal to the vein segment being analyzed. Continuous, non-
phasic venous flow signals which do not augment with distal 
compression suggest a proximal stenosis or obstruction.

In addition to assessing for compressibility, grayscale 
imaging should evaluate for venous dilation which often 
indicates acute deep venous thrombosis (Fig.  1.9). 
Differentiating an acute from a chronic DVT can be chal-
lenging since both conditions result in a noncompressible 
vein. Unlike veins with acute DVT, veins with chronic DVT 
are not dilated and may have hyperechoic signals within their 
lumen on grayscale imaging. Acute thrombus has the same 

Fig. 1.8  Duplex ultrasound of a 
normal common femoral vein 
(CFV) with adjacent artery (CFA) 
(a) and compressibility of vein 
(b) (arrow)
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density of blood and is therefore hypoechoic. In contrast, 
chronic thrombus becomes hyperechoic as it undergoes 
organization and fibrosis. Patients with chronic DVT may 
also have sonographically visible venous collaterals around 
the thrombosed vein.

�Vascular Ultrasound General Principles

Since its introduction in 1959, vascular ultrasound has gained 
wide acceptance as an objective, accurate, and noninvasive 
diagnostic tool for evaluating patients with vascular disease 
[25]. Current applications of vascular ultrasound can identify 
and evaluate the morphology of blood vessels in addition to 
detecting and quantifying blood flow velocity. Blood flow 
velocity is derived from the Doppler effect, while tissue 
reflectance of transmitted ultrasound waves produces gray-
scale (B-mode) images of the blood vessels. Duplex ultra-
sound exams include a combination of both Doppler and 
grayscale imaging.

Although Satomura developed the first Doppler flow meter 
in 1959, Strandness et al. pioneered its clinical application in 
1966 [25, 26]. Since then, vascular ultrasound has evolved 
through a series of technological advances and clinical appli-
cations. Working in obstetrics, Kossoff described grayscale 
ultrasound imaging techniques which ultimately paved the 
way for identifying blood vessels with ultrasound [27]. In 
1969, Olinger reported on the use of ultrasound echo tech-
niques to identify the carotid arteries launching efforts to 
develop high-resolution imaging technology [28]. These 

studies identified the walls of vessels as echodense parallel 
structures while the vessel lumen was an echo-free zone 
between the walls. Atherosclerotic lesions appeared as ech-
odense structures projecting into the vessel lumen. Although it 
initially appeared that grayscale imaging alone would be able 
to detect and quantify the degree of atherosclerotic stenosis, 
vascular ultrasound proved to have several limitations. One 
drawback of sonographic imaging relates to the complex 
acoustic density of atherosclerotic plaques, particularly as the 
lesion severity progresses with areas of calcification and hem-
orrhage. Calcification serves as an acoustic barrier which 
obstructs the acoustic window and degrades the resolution of 
deeper structures [29]. In contrast, areas of hemorrhage are 
relatively echo-free and appear as defects within the plaque, 
rendering accurate delineation of the plaque surface more dif-
ficult. Although sonographic imaging alone can accurately 
characterize a homogeneous plaque, complex atherosclerotic 
plaques introduce a source of significant error. Finally, because 
flowing blood and acute thrombus have similar acoustic densi-
ties, differentiating between occluded and non-occluded arter-
ies can be difficult using sonographic imaging alone.

To overcome these technical limitations, Barber et  al. 
added a Doppler device to the ultrasound imaging compo-
nent in 1974 [30]. It soon became apparent that the blood 
flow velocity detected by Doppler correlated closely with the 
severity of stenosis as measured by the gold standard of arte-
riography [31]. These findings gave rise to the first duplex 
scanning instruments which combined Doppler flow instru-
mentation with grayscale (B-mode) imaging to accurately 
evaluate arterial disease.

Fig. 1.9  Duplex ultrasound of 
acute deep vein thrombosis of the 
left common femoral vein 
(dilated, noncompressible with 
intraluminal echoes) with 
adjacent arteries (superficial 
femoral artery [SFA] and deep 
femoral artery [DFA]) (a); left 
common femoral vein (CFV) 
with partial compression (b)
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Duplex ultrasonography provides physiologic and anatomic 
information directly from the sites of vascular disease. 
Arterial occlusive lesions produce disturbances in blood flow 
patterns that can be detected and quantified by Doppler flow 
signal analyses. Although grayscale imaging detects arterial 
wall pathology including atherosclerotic plaque and calcifi-
cations, the classification of arterial disease severity is based 
primarily on the pulsed Doppler spectral waveform analysis. 
During a duplex ultrasound exam, grayscale imaging illus-
trates arterial anatomy and guides electronic placement of 
the pulsed Doppler sample volume within the artery of inter-
est. The sample volume is the region in which flow is detected 
and evaluated by spectral wave analysis. Adjusting the size 
and position of the sample volume ensures that the center 
stream flow pattern can be evaluated without interference 
from flow disturbances near the arterial wall or in adjacent 
blood vessels.

�Doppler Principle

Blood flow velocity measurements derive from observations 
made by the Austrian physicist Christian Doppler (1803–
1853). He demonstrated that the frequency of light or sound 
increases as the source moves toward the observer and 
decreases as the source moves away from the observer. The 
magnitude of the change in frequency depends on the veloc-
ity of the moving source. A common example involves a 
whistle on a train which sounds higher in pitch (higher fre-
quency, shorter wavelength) as the train approaches and 
lower in pitch (lower frequency, longer wave length) as the 
train moves away. Applying the Doppler effect to determine 
the velocity of blood flow yields the following equation:

	
V

C f

fo
=

D
2 cosq 	

where V  = average blood flow velocity, C = velocity of sound 
in tissue, Δf = Doppler frequency shift, fo = transmitting fre-
quency of ultrasound beam, and θ   = angle of the incidence 
sound beam to the blood vessel being examined. Since trans-
mitting frequency, angle of incidence, and sound velocity in 
tissue can remain constant, frequency shift (Δf) becomes pro-
portional to the velocity of blood flow. In clinical practice, 
Doppler ultrasound detectors come in two varieties: continu-
ous wave (CW) and pulsed Doppler ultrasound. Both types of 
instruments use the Doppler effect to detect blood flow.

�Instrumentation

Commercially available Doppler instruments come in a vari-
ety of forms ranging from portable, pocket-sized models to 

more sophisticated instruments. CW Doppler detectors emit 
continuous ultrasound beams without interruption. These 
devices detect blood flow at any depth within the range of the 
instrument up to several centimeters, depending on the fre-
quency of instrumentation. Figure 1.10 shows a commonly 
used portable CW Doppler unit (Dopplex D900, Huntleigh 
Diagnostics, Eatontown, NJ). In contrast, a pulsed Doppler 
detector transmits intermittent bursts of ultrasound waves 
and then receives the returning ultrasound echoes. Varying 
the time interval between transmission and reception allows 
for range resolution and the ability to detect flow at a specific 
distance from the transducer.

�Duplex Ultrasound Components

Real-Time Grayscale Imaging
Grayscale imaging was previously referred to as B-mode 
ultrasound with the “B” standing for brightness. The intensity 
or brightness of reflected ultrasound waves varies with the 
acoustic properties of different tissues. These variations in 
acoustic reflectance are represented visually by shades of gray 
on the image. The high reflectivity of the vessel wall usually 
makes it bright and easy to visualize sonographically.

Despite its ability to visualize soft tissue structures, gray-
scale imaging is often incapable of differentiating between 
flowing blood, thrombus, and non-calcified atherosclerotic 
plaques. With grayscale imaging alone, completely occluded 
vessels can appear patent and non-calcified plaques can be 
entirely missed or only partly visualized. Calcified athero-
sclerotic plaques also pose a technical challenge for grayscale 
imaging since calcium attenuates the penetration of ultra-
sound waves. A calcified plaque on the anterior wall of the 
vessel generates a very dense acoustic signal; however, there 
will be no information concerning the vessel lumen deep to 
the calcified segment. This imaging artifact is commonly 

Fig. 1.10  Handheld Doppler ultrasound unit
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referred to as acoustic shadowing (Fig. 1.11). These technical 
limitations can be overcome by combining grayscale imaging 
with Doppler-based blood flow detection techniques, such as 
spectral waveform analysis and color flow imaging.

Doppler Spectral Waveform Analysis
Understanding Doppler spectral waveform analysis requires 
a brief comparison of CW and pulsed Doppler techniques. A 
CW Doppler instrument sends out and receives signals that 
traverse the whole width of the insonated vessel as well as 
other vessels in close proximity. CW Dopplers therefore 
function as crude diagnostic tools that can only determine 
the mean velocity in the forward or reverse direction. In con-
trast, the pulsed Doppler technique can focus on the vessel of 
interest by providing velocity information from a known 
location. With pulsed Doppler the sonographer can interro-
gate a finite segment of the blood flow which is referred to as 
the “sample volume.” Doppler spectral waveform analysis 
processes the Doppler signal that returns from this sample 
volume providing a more comprehensive evaluation of blood 
flow and detecting changes that would otherwise not be 
apparent with a CW device.

Doppler spectral waveform analysis processes the 
Doppler signal returning from the sample volume to generate 
a real-time display of the signal’s frequency and amplitude. 
This spectral information is usually presented graphically 
with time on the horizontal axis and velocity (calculated 
from frequency shift) on the vertical axis. Each pixel on the 
spectral display theoretically represents the velocity of one 
blood cell as it travels through the sample volume at a single 
point in time. The amplitude of the Doppler signal is repre-
sented by the brightness of each pixel which is directly pro-
portional to the number of blood cells traveling through the 
sample volume at that specific velocity and time point (see 
spectrum at bottom of figures 1.2B and C). Doppler spectral 

waveforms usually resemble an electrocardiogram (EKG) 
tracing since the velocity of blood cells varies with the time 
point of the cardiac cycle. The highest velocity occurs in sys-
tole (peak systolic velocity) while the lowest velocity is 
recorded during diastole (end diastolic velocity).

The width of the Doppler spectral waveform or spectral 
band can help gauge the arterial flow pattern. In a normal 
artery, the center stream flow pattern is uniform or laminar. 
Placing the pulsed Doppler sample volume in the center of the 
lumen generates a relatively narrow spectral band since most 
blood cells are traveling at the same velocity. Even relatively 
mild arterial stenosis disturbs laminar flow producing flow 
vortices and turbulence in the area distal to the stenosis. These 
flow disturbances are depicted as a wider spectral band which 
reflects the fact that blood cells are traveling at a variety of 
velocities at a given point in time. The magnitude of the flow 
disturbance and the decay in the laminar flow pattern corre-
lates with the increase in spectral band width which is referred 
to as spectral broadening. In hemodynamically significant ste-
noses, not only is spectral broadening present, there is also a 
marked elevation in peak systolic velocity as a result of the 
high-speed jet of blood passing through and immediately 
beyond the stenosis. High-grade stenoses can therefore be 
recognized by the presence of both increased peak systolic 
velocity and diffuse spectral broadening [31]. The end-
diastolic velocity also increases in areas of severe stenosis.

�Color Duplex Ultrasound

Color duplex ultrasonography provides a qualitative display 
of the direction and magnitude of blood flow. Color flow 
imaging analyzes the Doppler flow information from a 
defined area which is superimposed on the grayscale image. 

Fig. 1.12  MRA of abdomen with contrast. Axial imaging of mid-
abdomen demonstrating an AAA with mural thrombus detected during 
workup of right kidney mass

Fig. 1.11  Color duplex ultrasound image of an internal carotid artery 
showing calcified plaque where a very dense acoustic signal is regis-
tered with acoustic shadowing (arrows)
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The size and location of this area or “color box” can be 
adjusted by the sonographer to evaluate the area of interest. 
Doppler flow signals within the color box are aggregated and 
assigned a color based on whether the overall direction of 
flow is toward or away from the transducer. The magnitude 
of flow velocity (calculated from the frequency shift) deter-
mines the hue or shade of the assigned color.

�Overview of Imaging Options: MR, CT, 
Catheter Angiography – Advantages 
and Limitations

�Magnetic Resonance Angiography

Magnetic resonance angiography (MRA) can provide accu-
rate imaging of the peripheral vascular tree including the 
aorta, carotid arteries, and upper and lower extremities. 
MRA has the advantage of being a noninvasive test that does 
not require the use of conventional contrast or ionizing radia-
tion. The limitations of MRA highlight the need for appro-
priate patient selection. First, achieving optimal images from 
an MRA requires that the patient remain completely still 
within a confined space for several minutes. Patients with 
claustrophobia may not tolerate this part of the exam. The 
presence of previously placed brain aneurysm clips or an 
implanted pacemaker or defibrillator may preclude the use of 
MRA due to the powerful magnetic forces generated. Finally, 
turbulent blood flow can result in loss of the MRA signal 
leading to an overestimation of the degree of stenosis [32].

MRA exams display arterial anatomy using one of two 
imaging protocols: time of flight (TOF) or contrast enhanced 
(CE MRA). TOF is a flow-dependent technique widely used 
to establish the diagnosis of carotid stenosis. This technique 
first establishes a “blank” background by minimizing the 
signal from stationary tissue within the imaging volume. 
Arteries then have relatively strong signals as blood flows 
into the imaging volume producing fresh magnetic spins 
superimposed on the “blank” stationary background [33]. 
TOF has two modes: two-dimensional which is more sensi-
tive to slower flow and three-dimensional which depicts a 
wide range of flow velocities and has greater accuracy for 
defining internal and external carotid artery morphology [33]. 
As a flow-dependent technique, TOF can distort the carotid 
anatomy especially in lesions with high-grade stenosis or 
turbulent flow. In their review, Phillips and Bubash point out 
that TOF spins may remain in the imaging volume long 
enough to see numerous pulses and become saturated, 
thereby causing loss of signal within vessel lumen and 
inability to depict the vessel contiguous with the lesion [33]. 
This technical limitation can lead to overestimation of 
the degree of stenosis and a higher false-positive rate. The 
inherent sensitivity of TOF imaging results in a high negative 

predictive value. Carotid stenosis can be eliminated as a 
possible diagnosis in patients who have an MRA demon-
strating minimal disease at the carotid bifurcation [34].

CE MRA generates images by detecting intravascular 
contrast on its first pass through the arteries within the imag-
ing volume. The technique of CE MRA is somewhat similar 
to CTA and provides flow-independent anatomic informa-
tion that can more accurately assess the degree of stenosis 
and visualize ulcerated plaques [33]. CE MRA requires tim-
ing the contrast bolus precisely to optimize the captured 
images. Once this technical challenge has been addressed, 
the shorter imaging time increases the accuracy of CE MRA 
by minimizing the risk of motion artifact. Figures 1.12, 1.13, 
1.14, and 1.15 demonstrate MRA findings in patients with 
PAD and carotid disease. CE MRA using gadolinium as the 
contrast agent should be used with caution in patients with 
advanced renal disease. Gadolinium exposure can lead to 
nephrogenic systemic fibrosis in patients on dialysis and in 
patients with stage 5 chronic kidney disease or acute kid-
ney injury [4].

�Computed Tomographic Angiography

Computed tomography angiography (CTA) has gained 
prominence as a valuable imaging tool for evaluating patients 
with carotid, peripheral, and visceral artery stenosis. The 
technique of CTA involves timing a bolus of approximately 
120  cc of intravenous contrast given through a 20-gauge 
intravenous catheter. Axial images are rapidly acquired while 

Fig. 1.13  MRA of abdomen/pelvis demonstrating right iliac occlusion
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three-dimensional reconstructions require a specialized 
workstation and dedicated personnel for data processing.

Motion and interference artifacts are the primary source 
of error in data acquisition during a CTA exam. Since static 
images are generated, a CTA cannot evaluate flow dynamics 
nor can it diagnose subclavian steal and other flow-based 
lesions. Other limitations of CTA include higher cost (com-
pared to duplex ultrasound), use of potentially nephrotoxic 
contrast, and radiation exposure. The presence of heavy arte-
rial calcification can also limit the ability of CTA to distin-
guish intravascular contrast from calcium especially during 
post-processing imaging.

The advantages of CTA include its safety profile, ease of 
use, and quality images. Unlike digital subtraction angiog-
raphy (DSA), a CTA does not require an arterial puncture. 
CTA images of the carotid arteries can be obtained without 
catheter manipulation thereby eliminating the stroke risk 
associated with carotid DSA. When performed on a high-
quality helical scanner, CTA generates images that rival 
DSA in quality and detail. The ability to analyze axial and 
reformatted images also allows CTA to provide additional 
information about the morphology and composition of ath-
erosclerotic occlusive lesions.

Compared to MRA, CTA is less likely to overestimate the 
severity of arterial stenosis. The rapid acquisition of spiral 
CT images can easily be synchronized with contrast admin-
istration minimizing the risk of signal loss or motion artifact. 
CTA is faster and less expensive than contrast-enhanced 
MRA and has the ability to simultaneously visualize soft 
tissue, bone, and blood vessels with better submillimeter 
spatial resolution (0.3 vs. 0.8  mm for contrast-enhanced 
MRA). CTA can also demonstrate vascular anomalies, quan-
tify the extent of calcification, and interrogate the arterial 
tree from the aortic arch to the circle of Willis. Electronic 
microcalipers can be used on carotid CTA exams to measure 
stenoses based on NASCET or European Carotid Surgery 
Trial methods [35]. Given its accuracy, lower cost, and less 
invasive nature, computed tomography is increasingly being 
used as a surrogate for invasive angiography [36].

A meta-analysis of 28 studies analyzed the diagnostic 
accuracy of CTA compared to digital subtraction angiogra-
phy. CTA had a pooled sensitivity of 85 % and specificity of 
93 % for detecting severe (70–99 %) carotid stenosis and a 
sensitivity and specificity of 97 % and 99 % for detecting 
carotid occlusion [37]. CTA imaging did not perform as well 
in a study of patients who had a carotid endarterectomy. CTA 
had a lower diagnostic accuracy compared to MRA and 
duplex ultrasound when using the carotid plaque surgical 
specimen as the gold standard [38]. Previous studies with 4 
and 16 multidetector computed tomographic (MDCT) angi-
ography in the peripheral vasculature found adequate diagnos-
tic accuracy versus digital subtraction angiography [39, 40]. 

Fig. 1.14  MRA of tibial artery in same patient showing infrapopliteal 
runoff. Some artifacts appreciated with adjacent and superficial veins

Fig. 1.15  MRA of carotid artery demonstrating flow gap (arrow) of 
left internal carotid artery significant stenosis

1  Diagnosis and Imaging



20

Figures  1.16, 1.17, 1.18, 1.19, 1.20, and 1.21 demonstrate 
CTA findings in patients with carotid artery disease and PAD.

The widespread use of diagnostic CT scans prompted 
Brenner and Hall to review the impact of radiation exposure 
associated with these exams [41]. CT involves larger radia-
tion doses than conventional x-ray imaging and this increases 
the long-term risk of cancer in adults and especially children. 

Although the risks for any one person remain small, radiation 
exposure from diagnostic imaging exams may be a pub-
lic health issue in the future [41]. Zhou made a similar 
observation in a study focused on patients with vascular 
disease [42].

Fig. 1.17  CTA showing (a) severe left proximal internal carotid artery 
stenosis (arrow); (b) same patient showing aortic arch vessels (arrow)

Fig. 1.18  CTA showing complete occlusion of right common iliac 
artery

Fig. 1.19  CTA of left carotid artery demonstrating a “string sign” in a 
patient with acute left hemispheric deficit (sagittal view)

Fig. 1.16  CTA showing minimal carotid disease at right and left bifur-
cation (arrow)
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�Contrast Angiography (Digital Subtraction 
Angiography)

Catheter-directed angiography has a long track record as 
the gold standard for imaging the aorta and lower extrem-
ity vascular tree. The procedure involves arterial puncture 

followed by fluoroscopically guided advancement of a 
catheter into the area of interest. Contrast is then injected 
and fluoroscopic images are acquired in one or more 
planes.

Digital subtraction enhances the resolution of angiog-
raphy by processing the video signal from a conventional 
signal image intensifier fluoroscopic system. Digital sub-
traction angiography (DSA) uses a time subtraction tech-
nique known as mask-mode radiography. With this 
technique, an initial fluoroscopic image is recorded and 
digitally processed. Contrast is then administered while 
additional images are recorded. The two sets of images 
are then digitally “subtracted” from each other to high-
light the intravascular contrast. The resulting radiographs 
achieve a higher resolution using a smaller amount of 
contrast media than those obtained with conventional 
angiography [43].

Angiography carries the risk of an arterial puncture 
which can have thrombotic or hemorrhagic consequences. 
An arterial puncture can compromise the circulation due to 
thrombosis, embolism, or dissection. At the other end of 
the spectrum, inadequate hemostasis after arterial puncture 
can lead to bleeding complications in the form of hemor-
rhage, hematoma, or pseudoaneurysm formation. 
Intravascular contrast also has risks including allergic 
reactions, systemic vasodilatation, hypotension, convul-
sions, stroke, and renal insufficiency. Many of these risks 
can be minimized with adequate pre- and post-procedure 
hydration and the use of nonionic low-osmolarity contrast 
agents [44]. The overall complication rate for angiography 
may be as high as 7 %; however, more recent studies have 
reported lower major complication rates for peripheral 
arteriography (2.1 %) [45, 46]. The inherent risks associ-
ated with catheter-directed angiography preclude its use as 
a routine diagnostic exam, and angiography is now pre-
dominantly performed in conjunction with endovascular 
interventions. In selected patients with conflicting imaging 
studies, angiography may help clarify the decision to inter-
vene or not.

AbuRahma et  al. addressed the issue of surgeons per-
forming angiographic procedures which had traditionally 
been the purview of interventional radiologists. They ana-
lyzed diagnostic arteriography performed by a vascular sur-
geon in a series of 558 patients and reported a complication 
rate of 3.8 % (1.3 % major) which was comparable to previ-
ous reports (1.9 and 2.9 %) but superior to what they pub-
lished previously as performed by radiologists (7  %, 
p < 0.001) [47]. A logistic regression analysis did not detect 
any variables that predicted a major complication. AbuRahma 
et  al. concluded that diagnostic arteriography can be done 
safely by experienced vascular surgeons with low complica-
tion rates that compare favorably with what has been reported 
by interventional radiologists.

Fig. 1.20  During live scrolling the physician can locate the vertebral 
(bony landmark), i.e. level of the carotid lesion to aid in operative 
planning

Fig. 1.21  CTA of abdomen/pelvis demonstrating AAA. Note the calci-
fied rim of the aorta which is one of the short comings of CT imaging. 
Calcium artifacts are common (axial imaging)
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�Endovascular Therapy

Most angiographic exams are now performed in conjunction 
with an endovascular intervention. Endovascular therapy is 
an evolving modality in which devices are introduced 
directly into the vessel lumen usually via percutaneous punc-
ture. Stenotic or occluded arterial segments are then 
addressed using a variety of techniques:
	1.	 Percutaneous transluminal angioplasty (PTA), in which a 

balloon is expanded across a stenotic area, thus fracturing 
the plaque and expanding the arterial lumen via a “con-
trolled dissection”

	2.	 Atherectomy, in which a specially designed catheter is 
used to shave a portion of the plaque from inside the ves-
sel lumen

	3.	 Stenting or stent grafting, which is an evolving technique 
involving the placement of an expandable metal stent 
across the stenotic area
The application of PTA for arterial occlusive disease of 

the lower extremities continues to increase and the long-term 
results of PTA are expected to improve with advances in 
technology. Overall, the initial technical success rates for 
open surgical procedures and PTA are similar; however, sur-
gery results in superior long-term patency. On the other 
hand, angioplasty is often associated with lower mortality 
and morbidity rates, and late failure of PTA can often be 
treated successfully with a percutaneous reintervention [48].

�Conclusion

All patients identified as having vascular disease should be 
counseled about lifestyle and medication adjustments to 
reduce their cardiovascular risk profile. Treatment decisions 
usually depend on the severity of vascular disease and its 
associated symptoms. An accurate diagnostic evaluation 
therefore plays a pivotal role in the management of a patient 
with vascular disease. The clinical history, physical exam, 
noninvasive tests, and imaging studies can detect, quantify, 
and monitor vascular disease. A firm understanding of the 
principles, advantages, and limitations of the various diag-
nostic modalities will help general surgeons deliver the high-
est level of care to patients with vascular disease.
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           Introduction 

       There are few complications or traumatic injuries that elicit 
more distress in even the most seasoned surgeon than the pos-
sibility of uncontrolled hemorrhage from a major blood vessel. 
The vascular-trained surgeon has one key tool to manage this 
problem: the understanding of vascular exposures to obtain 
proximal and distal control. Herein, we discuss the basic expo-
sures that any general surgeon would benefi t to have at hand, the 
tools of the trade that can be foreign to those not familiar, and 
some basic steps in performing endovascular diagnostic studies. 
Although some of these exposures are common (e.g., femoral 
and brachial artery exposures), many are not relevant to an elec-
tive general surgical practice. The information may however be 
helpful in emergent/urgent situations for damage control or sta-
bilization especially for surgeons practicing in rural settings.  

    Exposures 

    Aorta 

 Abdominal aortic exposure can be obtained through two pri-
mary approaches: transperitoneal and retroperitoneal. The 
benefi ts to each exposure listed in Table  2.1  have been dis-
cussed at length by many groups. The importance of the sur-
geon’s comfort level with each exposure cannot be overstated 
in terms of minimizing injury to additional structures and 
optimizing the benefi ts of each approach.

      Transperitoneal Abdominal Aortic Exposure 
 The abdomen is incised in the midline as for a standard lapa-
rotomy approach (Fig.  2.1 ). Adherence to the linea alba 
makes abdominal closure easier. To minimize the likelihood 
of bowel injury secondary to abdominal wall adhesions, 
select a site in the upper abdomen or away from any prior 
incision sites to enter the peritoneum sharply. Digital explo-
ration ensures that no bowel is adherent to the abdominal 
wall prior to extending the laparotomy incision along the 
length of the abdomen from xiphoid to pubis. The falciform 
ligament should be divided between ties. Exposure of the 
infrarenal aorta begins with mobilization of the small bowel 
to the right of the midline (Fig.  2.2 ). When taking down the 
attachments at the ligament of Treitz and opening the retro-
peritoneum, care should be taken to incise slightly to the left 
of the midline. This technique leaves an adequate margin of 
tissue for suture closure of the retroperitoneum at the end of 
the case without risking inadvertent bowel injury.

    Once the retroperitoneum has been opened, clamp sites 
for proximal and distal vascular control should be exposed as 
soon as possible. Distal control can be obtained at the level 
of the common iliac arteries or by isolating each external and 
internal iliac artery separately, if common iliac aneurysmal 
or occlusive disease is present. Circumferential control of the 
iliac arteries is not necessary and should be avoided to mini-
mize the risk of iliac vein injury. Surgical dissection at the 
aortic bifurcation should also be avoided to prevent injury to 
the sympathetic nerve plexus at that location. 

 Proximal dissection in the retroperitoneum begins by 
exposing the left renal vein as it crosses anterior to the aorta. 
Failure to fi nd the left renal vein indicates the presence of a 
retroaortic left renal vein which passes posterior to the 
abdominal aorta. This relatively common anomaly high-
lights the importance of avoiding unnecessary circumferen-
tial dissection of the abdominal aorta (Fig.  2.3 ). A slight 
cephalad retraction of the crossing renal vein usually exposes 
the bilateral renal arteries.

   If suprarenal aortic clamping is required, exposure 
between the SMA and renal arteries is sometimes adequate. 
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Exposure between the SMA and celiac artery is rarely 
needed, and a clamp in this location leads to ongoing blood 
loss secondary to SMA backbleeding via collateral pathways 
fed by the celiac trunk. To avoid this problem, the next level 
of exposure obtained via a transperitoneal approach is the 
supraceliac aorta. Exposure in this location is facilitated by 
having a nasogastric or orogastric tube in place. In emergent 
situations, pulling the cardia of the stomach downward 
allows for manual palpation of the gastric tube. The aorta is 
then located where it crosses the diaphragmatic hiatus. The 
left anterior crus of the diaphragm should be sharply divided, 
and planes on each side of the aorta can be digitally devel-
oped enough to place a clamp in this location. Being able to 
palpate the spine on each side usually indicates that the aorta 
has been adequately cleared for clamping. Attempts to clamp 
the aorta before incising the periaortic tissues down to the 
spine will fail as the clamp slips off anteriorly. The most 
common error in this location is inadvertent clamping of the 
esophagus, typically caused by forgetting that the aorta is the 

    Table 2.1    Comparative benefi ts of aortic approaches   

 Transperitoneal (supine patient)  Retroperitoneal 

 Easy access to upper extremities for line placement  Centripetal obesity and fatty abdominal viscera displaced 
 Bilateral groin access  Easy access to thoracic aorta and suprarenal aorta 
 Extension to median sternotomy  Abdominal viscera not in fi eld 
 Access to abdominal viscera  Decreased post-op ileus 
 Ability to prep and drape prior to induction  Diminished risk of aortoenteric fi stula secondary to decreased exposure 

of the suture lines 

  Adapted from Cronnenwett and Johnston [ 1 ]  

  Fig. 2.1    Midline incision extending from the xiphoid to symphysis for 
transperitoneal approach to abdominal aortic exposure       

  Fig. 2.2    The transverse colon and omentum are lifted cephalad and the 
small bowel retracted to the right to expose the retroperitoneum. 
Incision in the retroperitoneum is made slightly to left of the midline to 
allow closure of the retroperitoneum over the aorta after repair       

  Fig. 2.3    The aorta with the crossing left renal vein. The crossing vein 
marks the approximate location of the renal arteries as well       
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more posterior structure and the vertebral bodies are directly 
deep to it. Palpation of the gastric tube in the esophagus pro-
vides a constant reminder of its location and helps avoid 
esophageal injury and inadvertent clamping. 

 When exposure of the visceral segment of the aorta is 
needed, for example, in the setting of type IV thoracoabdom-
inal aneurysm repair, we recommend a retroperitoneal 
approach to avoid obscuration by the overlying viscera.  

    Retroperitoneal Aortic Exposure 
 Retroperitoneal aortic exposure has the advantages discussed 
previously (Table  2.1 ). The key steps in positioning prior to 
this exposure are as follows:
    1.    Patient on a “sandbag” or “beanbag.”   
   2.    Ensuring that the fl exion point or adjustable “kidney rest” 

of the operating table is at the level of the space between 
the iliac crest and the costal margin.   

   3.    The patient is turned into a lateral decubitus position with 
the right side down. An axillary roll minimizes the pos-
sibility of right brachial plexus injury.   

   4.    The left arm is extended upward and across the body and 
supported on either a Mayo stand or arm sling that can be 
secured to the operating table.   

   5.    The lower extremities are carefully padded.   
   6.    The “refl ex” position of the bed obtained by raising the 

kidney rest opens the space between the costal margin 
and iliac crest and increases the intercostal spaces as well.   

   7.    In patients with abdominal obesity, the pannus is allowed 
to fall forward while being supported with the beanbag. 
This position ensures that the benefi ts of retroperitoneal 
exposure are maximized (Fig.  2.4 ).
       A curvilinear incision begins lateral to the rectus sheath, 

approximately 2 in. anterior to the anterior superior iliac spine 
(ASIS) and extends superiorly to the appropriate rib space as 
determined by the proximal extent of the aneurysm. For most 
abdominal aortic pathology, the incision is carried through the 
10th interspace (the highest unattached rib) (Fig.  2.5 ).

   Careful attention to the layers of the abdominal wall in 
this location can help avoid inadvertent entrance into the 
peritoneum (Fig.  2.6 ). The fi rst layer encountered is the 
external oblique aponeurosis. Incising this layer with elec-

  Fig. 2.4    Positioning patient in left lateral decubitus position for retro-
peritoneal aortic exposure       

  Fig. 2.5    Typical incision for juxtarenal aortic exposure is through the 
10th interspace and then extends parallel to the rectus       

  Fig. 2.6    Retroperitoneal aortic exposure demonstrates the muscle lay-
ers divided to expose the retroperitoneal space and avoid entry into the 
peritoneum       
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trocautery exposes the fi bers of the internal oblique. Using a 
blunt-tipped instrument in this location allows for spreading 
and exposure of the transverse abdominal muscular fi bers, 
behind which lays the fatty tissue of the retroperitoneum. 
Digital exploration confi rms access into the retroperitoneum 
not the peritoneum and allows for manual separation of the 
peritoneum from the abdominal wall layers to allow the 
remainder of the incision to be opened. Beginning this man-
ual dissection laterally and extending it superiorly to the dia-
phragm helps maximize exposure.

   Once the retroperitoneal space has been developed, manual 
displacement of the left kidney anteriorly allows for identifi ca-
tion of the left renal artery and exposes the left diaphragmatic 
crus if needed. A self-retaining retractor assists with the expo-
sure and can also be positioned to keep the left ureter out of the 
operative fi eld. Exposure of the left renal artery and dissection 
proximally to its origin from the aorta takes the surgeon across 
an accessory lumbar vein that drains into the left renal vein. 
This vein should be preemptively divided to avoid avulsing it 
(Fig.  2.7 ). The aortic bifurcation can be located by palpation, 
and the bilateral common iliac arteries are usually bluntly 
exposed to minimize iliac vein injury while creating isolated 

clamp locations. If additional proximal exposure above the 
renal arteries is required, the right renal artery is usually lower 
than the left, and exposing above the left renal artery with a 
combination of blunt and sharp dissection allows the SMA 
pulsation to be appreciated. If space to clamp in this location 
is not adequate, the left crus can be divided which quickly 
exposes the supraceliac aorta. In emergent situations, the ini-
tial incision through the 10th intercostal space allows manual 
palpation of and clamp placement on the thoracic aorta until 
further exposure can be obtained. Thoracic aortic clamping is 
a temporary, salvage maneuver, and the clamp should be 
moved distally as soon as possible.

   When planned intervention requires a supraceliac aortic 
clamp, the incision is often through the 9th interspace 
which requires division of the costochondral cartilage. 
If planned intervention is on the descending thoracic aorta 
primarily, or in addition to abdominal aorta, incision 
through the 6th rib space, with or without division of the 
diaphragmatic fi bers, allows for proximal thoracic aortic 
clamping (Fig.  2.8 ). These procedures are typically per-
formed with sequential clamp techniques and left heart 
bypass if the situation demands.

  Fig. 2.7    Retroperitoneal aortic exposure with the left kidney refl ected 
anteriorly. The left renal artery is traced back to its origin at the aorta, 
and the superior mesenteric artery can be felt slightly above.  Inset : The 

accessory lumbar vein draining to the left renal vein is divided before 
the aorta is opened       
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   Descriptions of exposures to gain access to the aortic 
arch and the origin of the great vessels can be found in any 
cardiac or thoracic surgical atlas. Exposure of the ascending 
aorta, aortic arch, innominate artery, and left common 
carotid artery origin is obtained by way of a median ster-
notomy. To expose the origin of the left subclavian artery, a 
left anterior thoracotomy is performed through the fourth 
intercostal space.   

    Carotid, Subclavian, and Axillary Artery 
Exposures 

    Carotid Artery 
 The most common means of exposing the carotid artery, for 
both traumatic exploration and elective intervention, requires 
neck extension with the patient’s head turned to the contra-
lateral side whenever possible (Fig.  2.9a, b ). The incision is 
placed along the anterior border of the sternocleidomastoid 
muscle. Care is taken to angle the incision posteriorly as it 
approaches to within 1–2 in. of the angle of the mandible as 
this minimizes the risk of injury to the marginal mandibular 
nerve. Injury to this nerve can manifest as unilateral down-
ward drooping of the mouth and numbness.

   After incising the skin, the platysma is divided in the 
same direction as the skin incision using the electrocautery. 
The external jugular vein is sometimes encountered and can 
be ligated and divided between ties. The anterior border of 
the sternocleidomastoid muscle should then be delineated 
and the muscle belly grasped and retracted posteriorly and 

laterally to allow for exposure of the internal jugular vein 
(Fig.  2.10a ). Once the internal jugular vein is identifi ed, 
mobilizing its anterior border leads to exposure of the facial 
vein. This crossing vein typically functions as a landmark for 
the level of the carotid bifurcation. The facial vein should be 
ligated and divided with care to avoid injury of the underly-
ing hypoglossal nerve. The carotid artery is encased within 
its own sheath and lies deep and medial to the jugular vein. 
Before opening the carotid sheath, careful inspection some-
times reveals an anterior vagus nerve that should be pro-
tected. The vagus nerve is easily differentiated from the 
crossing branches of the ansa cervicalis by its larger size and 
its course which parallels the carotid artery. The inferior 
border of the dissection is typically the omohyoid muscle, 
while superiorly the dissection usually ends at the posterior 
belly of the digastric muscle (Fig.  2.10b ).

  Fig. 2.8    Alternative incisions from retroperitoneal approach through 
the 9th interspace allows for improved exposure to the supraceliac aorta 
and through the 6th interspace allows for descending thoracic aortic 
exposure       

  Fig. 2.9    ( a ,  b ) The lateral and anterior view of positioning for carotid 
exposure: the    patient is positioned with the neck extended using a 
shoulder roll. Incision paralleling the anterior border of the sternoclei-
domastoid muscle and directing posteriorly before reaching the angle 
of the mandible       
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   Division of either the omohyoid or digastric muscle belly 
allows for some additional exposure with minimal disability. 
Superior exposure of the internal carotid artery usually 
exposes the hypoglossal nerve which is held in place by an 
arterial branch to the sternocleidomastoid muscle. The divi-
sion of this artery allows the hypoglossal nerve to be swung 
cephalad and protected from harm. Multiple small veins in 
this location also must be carefully dissected and preemp-
tively divided to avoid unnecessary bleeding and blind place-
ment of clips or cauterizing that can lead to nerve damage. 

 In the case of a planned carotid-subclavian bypass or 
transposition procedure, exposure of both the carotid and sub-
clavian arteries can be obtained via a transverse supraclavicu-
lar incision centered over the medial third of the clavicle.  

    Supraclavicular Subclavian Artery Exposure 
 Supraclavicular exposure allows access to the subclavian 
artery as well as the origin of the vertebral artery if needed. 
The surgeon must remember that left-sided supraclavicular 
dissection risks injury to the thoracic duct, which arises deep 

  Fig. 2.10    ( a ) Carotid exposure: after division of the platysma and 
posterior retraction of the sternocleidomastoid muscle, the facial vein 
is noted to be crossing at the approximate level of the carotid 
bifurcation. ( b ) Once the facial vein is divided, the carotid bifurcation 
and superior thyroid artery can be exposed for further dissection and 

control. Note the omohyoid muscle at the inferior edge of the 
dissection and the posterior belly of the digastric muscle at the 
superior edge of the dissection. Can be either partially or completely 
divided for additional exposure if needed. Note the location of CN XII 
crossing the internal carotid artery       

 

E.S. Yassa and J.P. Carpenter



31

and inferior in the wound to enter the posterior aspect of the 
internal jugular and subclavian vein confl uence. 

 The patient is positioned with both arms tucked at the 
sides, the neck turned toward the contralateral side. A shoul-
der roll can be used when additional extension is needed to 
widen the space between the shoulder and neck. The incision 
is made approximately 1.5 cm above the clavicle and typi-
cally extends across the lateral head of the sternocleidomas-
toid (SCM) and 2 cm to either side (Fig.  2.11 ). The platysma 
muscle and the lateral head of the SCM are both divided. The 
authors recommend the scalene fat pad be mobilized infero-
medially and then retracted superolaterally. Care is taken to 
not injure the phrenic nerve, which courses lateral to medial 
on the anterior surface of the anterior scalene muscle. 
Exposure of the subclavian artery typically requires the ante-
rior scalene muscle to be divided. This is most safely done 
near its insertion onto the 1st rib. The muscle fi bers can be 
elevated from the deeper brachial plexus using a right angle 
or straight dissector. Again, awareness of the trajectory and 
course of the phrenic nerve cannot be overstated.

   Once the anterior scalene muscle is divided and refl ected 
upward, the fascia overlying the subclavian artery can be 
sharply incised to mobilize the artery. The subclavian artery 
branches including the internal mammary, thyrocervical 
trunk, and vertebral artery can be individually encircled with 
vessel loops for control. Once mobilized, the subclavian 
artery easily elevates into the wound.  

    Infraclavicular Exposure of the Axillary Artery 
 Exposure of the axillary artery is most often used for axillo-
femoral bypass. The patient can be positioned supine with 
the arm tucked at the side or the arm abducted 90° on an arm 
board. The use of a shoulder roll to slightly elevate the side 
being exposed can also be helpful. Sterile skin preparation 
should include the neck and chest from the midline across to 

the shoulder. An incision is made 2–4 cm below the clavicle 
extending from the deltopectoral groove to the lateral aspect 
of the clavicular head (Fig.  2.12 ). The fi bers of the pectoralis 
major are then separated in the direction of their axis to 
expose the clavipectoral fascia beneath. The pectoralis minor 
lies laterally in the exposed space and should be divided in 
addition to the clavipectoral fascia to optimally expose the 
fi brofatty tissue surrounding the axillary artery and vein. The 
vein lies slightly anterior and inferior to the artery in this 
location, and care should be taken to avoid injury during cir-
cumferential dissection and control. In this location the tho-
racoacromial trunk should be divided to allow the artery to 
be pulled up into the wound, which is best done using atrau-
matic silastic vessel loops.

        Exposure of the Lower Extremity Arteries 

    Femoral Artery 
 Understanding femoral vascular anatomy is critical to open, 
endovascular, and percutaneous procedures in vascular sur-
gery. The inguinal ligament should be fi rst delineated by the 
bony landmarks of the anterior superior iliac spine and the 
pubic tubercle. The femoral artery bisects the inguinal liga-
ment with a slight medial to lateral trajectory. 

 For exposure of the femoral artery and its bifurcation, a 
vertical incision overlying and paralleling the expected 
course of the femoral artery is planned (Fig.  2.13 ) and is the 
preferred approach for occlusive disease. The overlying sub-
cutaneous tissue is divided. The superfi cial epigastric vein is 
typically encountered and divided between ties or clips. 
Once the fi brofatty lymph tissue overlying the femoral artery 
is encountered, we recommend ligating and dividing this 

  Fig. 2.11    Incision for supraclavicular exposure of the subclavian 
artery       

  Fig. 2.12    Incision location and exposure of the infraclavicular axillary 
artery       
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tissue between ties. This technique minimizes the risk of 
postoperative lymphatic leak, which is particularly troublesome 
when prosthetic graft material has been used in the groin.

   The fi rst step involves palpating for the femoral pulsation 
or the non-pulsatile but highly calcifi ed femoral artery. 
Exposure of the inguinal ligament allows for proximal con-
trol as the common femoral artery passes beneath the liga-

ment. The femoral circumfl ex and inferior epigastric arteries 
are small branches arising laterally and medially, respec-
tively, from the proximal common femoral artery. These 
branches are usually located at the level of the inguinal liga-
ment and mark the border of the distal external iliac artery 
from the proximal common femoral artery. 

 The common femoral artery bifurcates into the superfi cial 
femoral artery (SFA) and 1–2 profunda (or deep) femoral 
arteries. The SFA is a direct continuation of the common 
femoral artery which continues distally and passes deep to 
the sartorius muscle. The profunda femoral arteries follow a 
lateral course into the muscles of the thigh (Fig.  2.14 ).

   Exposure    for endovascular aortic procedures (which is 
generally an isolated common femoral artery dissection) can 
be via an oblique or transverse incision just below the 
expected location of the inguinal ligament. The incision is 
deepened until the inguinal ligament is seen, and then a verti-
cally oriented dissection is performed on the fi brofatty tissue 
overlying the femoral artery. Again we recommend dividing 
this tissue between ties to decrease the risk of lymphatic leak.  

    Above-Knee Popliteal Artery 
 This may be one of the easiest exposures in vascular surgery 
once the basic anatomy is understood. The SFA becomes the 
popliteal artery when it exits the adductor canal, also known 
as “Hunter’s canal.” Hunter fi rst described the pathology of 
popliteal aneurysms in stagecoach drivers, whom he 
postulated developed the aneurysms as a result of repeated 
trauma to the artery secondary to prolonged sitting. He also 

a

2 finger breadths lateral to pubic tubercle Rolling fingers over calcified vessel

Incisions when femoral pulse not palpable

b

  Fig. 2.13    Incision location and relevant bony landmarks of the anterior superior iliac spine and symphysis pubis for femoral artery exposure       

  Fig. 2.14    With the fatty tissue divided and the femoral sheath open, the 
common femoral artery and its bifurcation is exposed       
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demonstrated that ligation of the artery above and below 
would not result in limb loss if time was allowed for the 
development of collateral pathways. 

 The lower extremity should be prepped circumferentially 
and positioned with external rotation and abduction at the 
hip and fl exion at the knee. A “bump” of rolled towels or 
sheets is useful to maintain this position and is positioned 
under the calf (Fig.  2.15 ). An incision is made in the natural 
skin crease that is present between the sartorius and the 
quadriceps muscle group (Fig.  2.16 ). After retracting the sar-
torius muscle downward, the fascia between the adductor 
tendon and the semimembranous muscles is incised with 
electrocautery, and the adductor canal is entered. The adduc-
tor canal is identifi ed by a space fi lled with fi brofatty tissue. 
The vastus medialis is then retracted superiorly (Fig.  2.17 ).

     Blunt manual dissection spreads the fi brofatty tissue until 
the popliteal artery is easily felt by palpating along the pos-
terior aspect of the femur. The popliteal artery is typically 
medial to the vein in this location (Fig.  2.18 ). The anterior 
tibial nerve, an in-line branch of the sciatic nerve, also 
courses posterior to the vascular structures in this location 
and should be protected from harm.

       Behind-the-Knee Popliteal Artery 
 The prone position provides the best exposure of the pop-
liteal artery directly behind the knee and may be useful 
for addressing selected popliteal artery aneurysms, popli-
teal entrapment syndrome, and adventitial cystic disease. 
The patient should be supported under the torso, waist, 
and ankles. A “lazy-S” incision decreases the risk of skin 
contracture and typically extends from the medial aspect 
of biceps femoris to the lateral head of the gastrocnemius 
at the calf (Fig.  2.19 ). The small saphenous vein is the 
first structure encountered and is at risk for an incidental 
injury. Depending on its caliber, the small saphenous 
vein can be mobilized and harvested for use as an inter-
positional bypass.

   Running lateral to the small saphenous vein is the medial 
sural nerve, which can be traced back to the tibial nerve in 
the popliteal fossa. An incision in the fascia medial to the 
small saphenous vein allows access to the popliteal fossa. 
The apex of the fossa is formed by the semimembranous 
muscle medially and the biceps femoris laterally. The popli-
teal artery and vein typically lie deep and slightly medial to 
the tibial nerve in this location, so care is taken to protect the 
nerve injury during surgical exposure. A small silastic vessel 
loop can be used to gently retract the nerve laterally. The 
vein and artery take a parallel course at the apex of the pop-
liteal fossa before the vein moves deep to the artery as the 

  Fig. 2.15    Positioning for above-knee popliteal artery exposure. Note 
the operative leg slightly externally rotated and fl exed at the knee with 
a bump below the gastrocnemius muscle       

  Fig. 2.16    The planned incision 
for above-knee popliteal artery 
exposure       
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dissection progresses distally. Proximal and distal arterial 
control in this location is obtained in the standard fashion as 
described elsewhere within this chapter.  

    Below-Knee Popliteal Artery and Proximal 
Anterior and Posterior Tibial Artery, 
Tibioperoneal Trunk, and Peroneal Arteries 
 Preparation is similar to the above-knee exposure with circum-
ferential leg prep and external rotation/fl exion/abduction 
positioning. For optimal exposure, a bump should be placed 
above the knee (Fig.  2.20a ).

   A medial calf begins at the level of the medial condyle 
approximately 2 in. posterior to and parallel to the tibial bor-

der. The fascia overlying the gastrocnemius medial head is 
incised and the muscle belly retracted inferiorly and posteri-
orly. We recommend dividing the tendinous insertions of the 
semitendinous, gracilis, and sartorius muscles to improve 
exposure and minimize extrinsic compression of anatomi-
cally tunneled grafts. This maneuver results in minimal, if 
any, morbidity. 

  Fig. 2.17    Incision through the subcutaneous fat to the level of the fascia.  Inset:  the fascia is incised to allow entry to the space between the sarto-
rius muscle, which will be retracted posteriorly, and the vastus medialis and adductor muscle group, which will be retracted anteriorly       

  Fig. 2.18    After blunt digital dissection in the fi brofatty space. The pop-
liteal artery and vein are exposed. Note that the artery is medial to the 
vein in this location and, thus, encountered fi rst       

  Fig. 2.19    “Lazy-s” incision for the posterior approach to the popliteal 
artery behind the knee       
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 The below-knee popliteal artery is easily palpable by 
compressing the neurovascular bundle against the posterior 
aspect of the tibia. The nerve and popliteal vein are typically 
anterior to the artery so these structures need to be carefully 
dissected and retracted with the assistance of vessel loops 
and self-retaining retractors in order to expose the popliteal 
artery (Fig.  2.20b ). 

 If exposure of the tibioperoneal trunk and anterior tibial 
artery origin is needed, these vessels can also be exposed 
through this approach. Taking down the soleus muscle from 
its insertion on the tibia exposes the remainder of the below- 
knee popliteal artery and the tibioperoneal trunk (Fig.  2.21a ). 
The dissection can be carried as far distal as necessary to 
expose the bifurcation of the tibioperoneal trunk into the 
peroneal artery and posterior tibial artery origins (Fig.  2.21b ). 

Crossing veins and the small, deep anatomic space mandate 
a careful and meticulous dissection.

   The anterior tibial artery is identifi ed as it originates lat-
erally on the popliteal artery, deep to the crossing anterior 
tibial vein which is typically divided to facilitate exposure. 
From this exposure the artery travels “away” from the oper-
ating surgeon on its way to the anterior compartment. At 
this point, an anatomic tunnel can be created behind the 
knee. The index fi nger of each hand should be positioned 
just medial to the above- and below-knee neurovascular 
bundles (Fig.  2.22 ). Progressive sweeping maneuvers 
between the fi ngers will clear the minimal tissue that is in 
the popliteal fossa allowing for the fi ngers to touch. A large 
clamp, umbilical tape, or bypass graft can then be passed 
through the tunnel.

  Fig. 2.20    ( a ) Positioning for below-knee popliteal artery exposure – 
note that the operative leg is slightly externally rotated at the hip and 
fl exed at the knee. A bump positioned at the lower thigh allows the 
gastrocnemius muscle to fall away. ( b ) With the gastrocnemius muscle 

retracted posteriorly, the tibial nerve and popliteal artery and vein are 
exposed below the knee. The nerve and vein are medial to the artery and 
thus encountered fi rst using this approach       

  Fig. 2.21    ( a ) Takedown of the proximal soleus attachments to the tibia allows exposure of the anterior tibial vein. ( b ) Division of the anterior tibial 
vein exposes the popliteal bifurcation to the tibioperoneal trunk and anterior tibial artery       
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       Distal Posterior Tibial Artery 
 The distal third of the posterior tibial artery, above the ankle, 
is best approached from a medial calf incision just posterior 
to the bony edge of the tibia (Fig.  2.23 ). The initial skin inci-
sion should expose the soleus fascia (Fig.  2.24a ). The fascia 
is incised and muscle fi bers spread in the direction of their 
travel. Just deep to the soleus muscle, the tendon of the fl exor 
digitorum longus (Fig.  2.24b ) is retracted anteriorly, and the 
posterior tibial neurovascular bundle lies immediately deep 
to it (Fig.  2.24c ).

        Mid to Distal Anterior Tibial Artery 
 As previously described, the origin of the anterior tibial 
artery is exposed as an extension of the below-knee popliteal 
artery exposure. Because the anterior tibial artery quickly 
passes through the interosseus membrane, more distal expo-
sure is not pursued from the medial approach. 

 An anterolateral exposure begins with the hip and knee 
fl exed approximately 30° and internally rotated. An incision 
is made midway between the tibia and the fi bula at the 

desired exposure level. The fascia separating the tibialis 
anterior muscle and the extensor digitorum longus is incised 
using electrocautery. Manual exploration or a self-retaining 
retractor will expose the anterior tibial artery, veins, and 
peroneal nerve. The bundle rests on the interosseus mem-
brane with one of the paired veins typically lying anteriorly 
making it the fi rst structure encountered. Careful dissection 
will reveal the plane between the anterior tibial vein and 
artery. A constant theme of any tibial artery dissection is 
bridging veins between the venae comitantes which should 
be intentionally ligated and divided before they are avulsed. 
Anatomic tunneling of a bypass graft in this location requires 
enlarging the native canal in the interosseus membrane to 
accommodate two fi ngers. The bypass graft can then be tun-
neled from the deep posterior to the anterior compartment in 
a standard fashion. 

 Distal to the lower third of the tibia, the extensor hallucis 
longus (EHL) muscle originates from the medial tibia bor-
der. The anterior tibial neurovascular bundle follows a course 
between the EHL and the tibialis anterior muscle. The ante-
rior tibial vein remains anterior, and the peroneal nerve 
remains posterior to the anterior tibial artery in this location 
as well.  

    Mid to Distal Peroneal Artery 
 Although the distal peroneal artery can be exposed via a 
medial approach, we prefer the lateral approach as described 
below. The lower extremity is circumferentially prepped and 
draped and positioned with the lower leg slightly fl exed and 
internally rotated. An assistant is often needed to maintain 
this position for exposure. A longitudinal incision is made 
over the fi bula extending above and below the level of 
planned peroneal artery exposure for a total length of approx-
imately 15 cm. The common peroneal nerve should be pro-
tected as it wraps around the proximal fi bular head. The 

  Fig. 2.22    To make an anatomic 
tunnel in the popliteal fossa for 
passage of graft, the index fi ngers 
of each hand are passed along the 
posterior surface of the above-
knee and below-knee popliteal 
arteries       

  Fig. 2.23    Positioning and planned incision location for distal posterior 
tibial artery exposure       
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peroneus longus and peroneus brevis muscles are stripped 
from their attachments to the fi bula using a periosteal eleva-
tor. Confi rm that the muscle has been stripped medially from 
the fi bula before division to avoid inadvertent injury to the 
underlying peroneal vessels with fi bular resection. The fi bula 
is then resected using a bone cutter. Once this segment of 
fi bula has been removed, the peroneal artery and paired veins 
can be seen in the underlying muscle bed. 

 For the medial approach to the peroneal artery, the 
patient is supine, the knee fl exed, and the leg rotated later-
ally [ 2 ]. A medial vertical incision is made posterior to the 
tibia. The soleus muscle is detached from the tibia and 
retracted posteriorly. The fascia covering the fl exor digito-
rum longus is incised and the plane entered to expose the 
vessels in the deep compartment. The posterior tibial ves-
sels are encountered fi rst, and the peroneal vessels are 
exposed by extending the dissection in this plane farther 
laterally (toward the fi bula).   

    Upper Extremity Exposures 

   Brachial Artery 
 Exposure of the brachial artery can be achieved using a 
transverse incision a fi nger breadth above or below the ante-
cubital fossa or a longitudinal upper arm incision directly 
over the brachial pulse. The “lazy-S” incision begins on the 
medial, distal upper arm and traverses the antecubital fossa 
before terminating on the proximal, lateral forearm [ 3 ]. The 
choice of incision depends on the reason for exposure. The 
transverse incision is typically used for arteriovenous access, 
while the “lazy-S” incision is used in the setting of upper 
extremity arterial thrombosis requiring an embolectomy or 
thrombectomy (Fig.  2.25 ).

   Exposure of the brachial artery at above or below the 
antecubital fossa requires partial division of the biceps apo-
neurosis fi bers that fan from the biceps tendon to the ulnar 
head. There are typically multiple superfi cial veins in this 

  Fig. 2.24    Distal posterior tibial artery exposure. ( a ) Skin incision 
exposes underlying soleus fascia. ( b ) Incising the fascia exposes the 
fl exor digitorum longus tendon anteriorly and the fascia overlying the 

neurovascular bundle. ( c ) Incising the fascia exposes the posterior tibial 
artery and its paired veins       
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location, including the cephalic vein and medial antecubital 
vein which should be dissected free and protected from 
injury, particularly if the planned procedure is for creation of 
autogenous dialysis access (Fig.  2.26a, b ).

   The brachial artery typically runs between two venae comi-
tantes, which must be sharply dissected free at the proximal 
and distal control sites. Crossing veins may be ligated between 
fi ne silk ties. The median nerve is medial to the brachial artery 
at this location and the proximal forearm, so careful sharp dis-
section also decreases the risk of nerve injury.  

   Proximal Radial Artery 
 Exposure of the proximal radial artery usually involves distal 
extension of the “lazy S” until the brachial artery bifurcation 
is encountered. This exposure is most often used during 
thrombectomy, when the ability to selectively guide a throm-
bectomy catheter down the radial and ulnar arteries is 
required. In the setting of trauma, proximal exposure for 
ligation of the radial artery can also be used to remotely 
decrease hemorrhage in the more distal and often trauma-
tized surgical fi eld.  

   Distal Radial Artery 
 Distal radial artery exposure is via a longitudinal forearm 
incision which parallels the course of the artery (Fig.  2.27 ). 
Care is taken to ensure the incision does not extend on to the 
mobile part of the wrist to minimize the risk of postoperative 
joint dysfunction. The fascia of the forearm is thin in this 
location and overlies the brachioradialis tendon. At the wrist, 

the radial artery becomes accessible by incising the fascia 
and retracting the brachioradialis tendon medially with a 
self-retaining retractor. The radial nerve does not accompany 
the artery at this location; however, the artery is surrounded 
by venae comitantes which can be easily injured. To reduce 
the risk of venous injury, sharp dissection to isolate the radial 
artery should be limited to the sites of planned proximal and 
distal control.

      Distal Ulnar Artery 
 Like the distal radial artery, distal ulnar exposure is via a 
longitudinal forearm incision paralleling the course of the 
artery. Similarly, care is taken to ensure the incision does not 
extend onto the mobile part of the wrist to prevent contrac-
ture (Fig.  2.27 ).    

  Fig. 2.25    Two incision choices for distal brachial artery exposure. The 
“lazy-s” incision allows for extension of exposure to the brachial bifur-
cation and is preferred in settings of thromboembolectomy       

  Fig. 2.26    Exposure of the distal brachial artery. ( a ) Initial skin incision 
exposes the bicipital aponeurosis and, medially, the forearm continua-
tion of the basilica vein and the median antebrachial cutaneous nerve. 
( b ) Incising the bicipital aponeurosis exposes the underlying brachial 
artery. The median nerve is medial and anterior to the artery       
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    Surgical Techniques 

    Methods of Obtaining Proximal and Distal 
Control 

 Adequate exposure is the prelude to the core principle of 
vascular surgery: proximal and distal vascular control. After 
anticoagulating the patient with heparin, one of the techniques 
described below can be used to gain vascular control. 

   Vessel Loop Control 
 Vessel loop control is ideal for thrombectomy or embolec-
tomy procedures and when branch vessels need to be con-
trolled. Silastic loops that come in varying thickness and 
strength can be passed around small- and medium-sized ves-
sels. They are often single looped for venous control and 
double looped for arterial control. Tension can be placed on 
the loops to occlude the vessel lumen. Heavily calcifi ed 
arteries often fail to occlude when a loop is tightened and 
may be diffi cult to control. Pulling on the loop for hemosta-
sis can also distort the vessel wall. To avoid this situation, 
loops are often exchanged for clamps when an arteriotomy 
closure or anastomosis is required.  

   Clamp Control 
 Although hundreds of vascular clamps are commercially 
available, each operating room’s selection varies. We recom-
mend a variety of large aortic clamps, side-biting clamps, 
small peripheral vascular clamps, and bulldog-style clamps 
that are relatively atraumatic for smaller arteries and veins 
(Fig.  2.28a, b ).

      Balloon Occlusion 
 Although balloon occlusion is often overlooked by the non-
vascular surgeon, this technique can be lifesaving when deal-
ing with highly diseased, calcifi ed vessels or previously 
placed stents (see Table  2.2 ). An appropriately sized Fogarty 
balloon with a three-way stopcock can obtain intraluminal 
vascular control when vessels are too diseased to clamp 
without risking signifi cant injury. Occlusion balloons spe-
cifi cally designed for this purpose come in a range of sizes. 

  Fig. 2.27    Planned incision sites for exposure of either the distal radial 
artery or ulnar artery       

  Fig. 2.28    ( a ) Optional clamps for peripheral vascular control. ( b ) 
Including peripheral “bulldog”-style clamps for smaller caliber vessels       
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Using an open approach, the balloon catheter is placed 
through the arteriotomy and advanced proximally before 
infl ating the balloon. Endovascular balloon control usually 
involves percutaneous access through the contralateral femo-
ral artery and fl uoroscopic guidance to place the balloon in 
the appropriate location.

      Tourniquet 
 Placing a sterile tourniquet on the upper arm or thigh can be 
a valuable adjunctive maneuver when exploring an extremity 
for possible vascular injury or anticipating diffi culty obtain-
ing vascular control. Padding to protect the underlying skin 
should be placed before the tourniquet is applied. To mini-
mize backbleeding, the extremity is wrapped with an 
Esmarch bandage to empty the veins immediately before 
infl ating the tourniquet to above systolic pressure.   

    Arteriotomies 

 Adequate exposure and proximal and distal control are the 
critical fi rst steps that allow surgeons to operate safely on the 
vasculature. An arteriotomy is typically then made by using 
an 11-blade or 15-blade to make an initial entrance in to the 
vessel lumen. The arteriotomy is then extended using Potts 
or Metzenbaum scissors (Fig.  2.29a, b ).

   A transverse arteriotomy allows for primary closure of the 
artery without the risk of narrowing the vessel lumen. 
Embolectomy/thrombectomy procedures and arterial access 
for endograft delivery typically use a transverse arteriotomy. 
A longitudinal arteriotomy, paralleling the course of the ves-
sel, is used for endarterectomy, proximal and distal bypass 
anastomoses, and AV fi stulas and grafts or whenever exten-
sion of the arteriotomy is anticipated. In these circumstances, 

the vessel is generally not at risk for narrowing. In most 
cases, closing an endarterectomy with a patch angioplasty 
reduces the risk of restenosis.   

    Anastomotic Techniques 

    Instruments and Suture Material 

 Although each surgeon has a “preferred” anastomosis, a 
facility with several anastomotic techniques ensures fl exibil-
ity to adjust to the exposure and vessel depth which can vary 
for each individual patient. Castroveijo needle drivers are 
ideal for most suture 5-0 or smaller in size, while Ryder or 
regular needle drivers can be used for larger sutures 
(Fig.  2.30 ). Several options for needle sizes and shapes exist 
depending on the site of the anastomosis. The following list 
describes the “rules of thumb” regarding suture size and 
material (Fig.  2.31 ):
•      Aortic anastomosis   : 3-0 nonabsorbable monofi lament

 –    Needle options: MH or SH (Ethicon)     
•   Iliac anastomosis: 4-0 nonabsorbable monofi lament

 –    Needle options: MH, SH, or BB     
•   Femoral and carotid anastomoses: 5-0 or 6-0 nonabsorb-

able monofi lament
 –    Needle options: C-1, BV1, or RB-2     

•   Popliteal, brachial, and radial: 6-0 nonabsorbable 
monofi lament
 –    Needle options: BV-1 or RB-2     

•   Tibial vessels: 6-0 versus 7-0 nonabsorbable monofi lament
 –    Needle options: BV-1 or CC        

    Table 2.2    Vessel luminal diameter and recommended thrombectomy 
catheter size for occlusion or thrombectomy   

 Vessel  Size (mm) 
 Recommended 
catheter size (Fr) 

 Common iliac artery  6–12  4–5 
 External iliac artery  5–9  3–4 
 Common femoral artery  5–8  3–4 
 Superfi cial femoral artery  4–6  2–3 
 Profunda (deep) femoral artery  4–5  2–3 
 Popliteal artery  3–5  2–3 
 Tibial/peroneal arteries  2–4  2 
 Subclavian artery  6–10  3–4 
 Axillary artery  6–8  3–4 
 Brachial artery  5–7  3 
 Radial/ulnar arteries  2–4  2 
 External carotid artery  3–5  3 
 Internal carotid artery  4–7  3 

  Fig. 2.29    ( a ) Scissors most often used during vascular exposure are 
the Metzenbaum scissors. ( b ) Potts scissors and reverse Potts scissors 
are often used to extend an initial arteriotomy made with a blade       
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    Techniques for Anastomosis 

   Parachute 
 This technique is ideally used when the site of the anastomo-
sis is in a deep space. This style allows the back wall of the 
anastomosis to be visualized until the graft is pulled or “para-
chuted” into place. It is easiest to start on the side of the 
anastomosis farthest from the sewing surgeon (Fig.  2.32a–c ).

      End to End 
 This technique is used when the ends of two vessels are 
being brought together. To avoid narrowing, both vessel ends 
are cut at oblique angles or “spatulated” prior to beginning 
the anastomosis. Spatulation can correct size discrepancies 
between the vessels by creating an equal circumference for 
sewing and by spreading the distance of the sutures along the 
length of the vessels which prevents narrowing (Fig.  2.33 ).

      End to Side 
 This common    method involves suturing the cut and spatu-
lated end of one vessel to a longitudinal arteriotomy in the 
sidewall of the second vessel (Fig.  2.34 ).

        Thrombectomy 

 Choosing an appropriately sized thrombectomy catheter 
requires knowledge of the typical luminal size for various 
blood vessels. Table  2.2  provides a reference for the luminal 
size and corresponding recommended balloon catheter size. 
Thrombectomy catheters are used for clearing thromboem-
bolism but can also provide “balloon control” of bleeding. 
To perform a thrombectomy, the catheter is passed beyond 
the level of the thrombus. While slowly pulling the catheter 
back, the balloon is infl ated until the surgeon senses that the 
balloon has engaged the sidewalls of the vessel. The catheter 
is then withdrawn taking care to keep just enough infl ation 
pressure on the balloon to engage the vessel sidewalls thereby 
dragging the thrombus out of the vessel through the arteri-
otomy. Overinfl ation of the thrombectomy balloon or inat-
tention during catheter withdrawal can denude the arterial 
endothelium causing a signifi cant injury.  

    Basics of Angiography 

 Like surgery, endovascular skills accumulate with time and 
experience. Percutaneous arterial punctures usually use 
ultrasound guidance to ensure that the suitability of the 
access vessel enhances safety. The choice of access vessel 

  Fig. 2.30    Typical vascular needle drivers for handling fi ne suture and 
needles are called Castroveijo drivers       

  Fig. 2.31    Needles that are used often in vascular surgery       
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depends on the target for intervention. For most lower 
extremity interventions, contralateral femoral access is rec-
ommended; planned common iliac interventions are usually 
performed from ipsilateral femoral access. Renal and carotid 
interventions frequently use femoral access with the lateral-
ity determined by anatomy and surgeon handedness. 
Subclavian interventions can be performed with femoral or 
ipsilateral brachial access, and interventions for the celiac 
access or superior mesenteric artery can be performed 
through femoral or left brachial arterial access.  

    Femoral Access 

 The access needle should ideally enter the common femoral 
artery between the femoral bifurcation and the inguinal liga-
ment. Punctures that stray too far distally into the SFA or too far 
proximally into the external iliac artery can result in bleeding 
complications. The SFA is too distal to be compressed against 
the head of the femur when holding pressure for hemostasis. In 

  Fig. 2.32    Parachute anastomotic technique: ( a ) start throws from “out-
to-in” on graft at about midpoint of the back wall. Carry around the 
“heel” to approximate the midpoint of the front wall before “parachut-

ing” the graft into place. ( b ) The back wall suture is then carried around 
the toe in a standard running fashion. ( c ) The two suture ends come 
together at the midpoint of the front wall       

  Fig. 2.33    End-to-end anastomosis. Both vessel ends are typically 
slightly spatulated in opposite directions to facilitate this anastomosis 
and accommodate any size mismatch         Fig. 2.34    End-to-side anastomosis. The initial bite is taken at the heel 

and a knot tied to the outside then run out of both corners to meet at the 
midpoint of the front or back wall       
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the case of accidental percutaneous iliac access (“high stick”), 
manual pressure is usually held distal to the actual needle hole 
allowing unabated bleeding into the potential space of the retro-
peritoneum. It is diffi cult if not impossible to manually apply 
hemostatic pressure to a puncture site above the inguinal liga-
ment. Use of a closure device is recommended in the event of a 
high puncture. Ultrasound guidance for percutaneous needle 
punctures helps to confi rm vessel patency, identify the bifurca-
tion, and assess the extent of calcifi cation. 

 The femoral artery is best accessed using a micropuncture 
kit of some variety. This typically contains a 21Ga needle 
and a mandrel or micropuncture wire of 0.018 in. diameter 
(Fig.  2.35 ). After puncturing the artery, the wire should pass 
without resistance through the femoral and iliac arteries to 
the abdominal aorta. The position of the wire should be con-
fi rmed by fl uoroscopy.

   We recommend making a small skin nick using an 
11-blade with the micropuncture needle still in place as a 
guide. The needle is then exchanged for the micropuncture 
sheath, using the standard Seldinger technique. The inner 
cannula of the microsheath as well as the .018″ guidewire is 
removed and the .035″ wire of the surgeon’s choosing is 
then advanced, again under fl uoroscopic guidance. Passing 
the larger caliber wire allows the micropuncture sheath to be 
exchanged for a working sheath of the required diameter, 
typically 4 Fr or 5 Fr for initial diagnostic angiography. 

 Any type of fl ush (side-hole containing) catheter 
(Fig.  2.36 ) can then be advanced into position for digital sub-
traction angiography. While vascular interventions are 
beyond the scope of this text, they can be found in textbooks 
of endovascular surgery or angiography.

       Radiation Safety 

 All angiographic procedures involve radiation exposure, and 
the interventionist must make a concerted effort to ensure the 
safety of the patient and health care team. When performing 
fl uoroscopy there are three potential sources of radiation 
exposure [ 4 ]:
    1.    Primary radiation comes directly from the x-ray tube to 

the patient. The proceduralist is only exposed to this when 
a hand, or other body parts, comes between the patient 
and the primary beam.   

   2.    Scatter radiation is the primary exposure source of radia-
tion for the proceduralist and is emitted in all directions 
from the patient after the imaging beam comes into con-
tact with him or her.   

   3.    Leakage radiation is emitted from the imaging system 
and accounts for minimal exposure when using modern 
imaging equipment.    
  Radiation safety begins with education and the use of 

appropriate personal protective equipment. A lead attire 
including a thyroid shield and lead safety glasses ensures 
maximum operator protection. Lead aprons should be 
checked for cracks and fl aws biannually by the hospital’s 
radiation safety offi cer. Appropriate lead aprons block more 
than 90 % of potential leakage radiation and 95–99 % of 
scatter radiation. 

 Some basic intra-procedural maneuvers to decrease 
radiation exposure include minimizing time spent on con-
tinuous fl uoroscopy in favor of intermittent spot or pulse 
fl uoroscopy. Collimating the imaging fi eld also focuses the 
radiation beam so that the patient receives less radiation 
thereby decreasing the amount of scatter radiation that can 
reach the proceduralist. Minimizing the use of magnifi ca-
tion also decreases the total radiation dose to the patient 
and the amount of radiation available for scatter. Decreasing 
the space between the patient and the image intensifi er 
decreases the amount of scatter radiation, widens the imag-
ing fi eld, and improves image quality. With the patient 

  Fig. 2.36    Example of a fl ush catheter used for initial aortogram 
(Angiodynamics TM , Latham NY)       

  Fig. 2.35    Example of a micropuncture access kit (Angiodynamics TM , 
Latham NY)       
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closer to the image intensifi er, the space between the 
patient and the x-ray emitter increases which minimizes 
the effect of leakage radiation. Finally, simply stepping 
back from the patient whenever possible during digital 
subtraction angiography exponentially decreases the radi-
ation exposure. In other words, 3 ft of extra distance 
decreases radiation exposure by a factor of 9. All regular 
users of fl uoroscopy should undergo appropriate radiation 
safety training and exposure monitoring.      
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           Etiology and Pathophysiology 

    The earliest epidemiologic data on acute limb ischemia came 
from a Swedish study which estimated the incidence to be 9 
per 100,000 of the general population [ 1 ]. The Swedish 
v ascular registry reported the incidence of acute limb isch-
emia to be 13 per 100,000 population [ 2 ]. Similarly, the 
Gloucestershire study from the United Kingdom estimated 
the incidence to be 14 per 100,000 of general population [ 3 ]. 

 When evaluating a patient for acute limb ischemia, under-
lying peripheral artery disease (PAD) must be considered as 
this diagnosis may alter the treatment plan. Risk factors asso-
ciated with PAD include advanced age, male gender, diabe-
tes mellitus, smoking, hyperhomocysteinemia, dyslipidemia, 
end-stage renal disease, elevated C-reactive protein, and 
hypertension [ 4 – 6 ]. The clinician should inquire about a his-
tory of claudication or ischemic rest pain prior to the current 
ischemic event. 

 Acute limb ischemia occurs when the oxygen supply to 
the limb is suddenly stopped. The most common reasons for 
developing acute limb ischemia are embolism, thrombosis, 
and trauma. A thorough history and physical examination 
helps the clinician determine the underlying etiology, which 
has implications for treatment and long-term prognosis. 
Patients who present with thrombosis tend to be younger and 
have a higher risk of amputation, while patients who present 
with embolic events are usually older and have higher peri-
operative mortality rates [ 7 ,  8 ]. 

 Embolus (from the Greek word  embolus  meaning plug) 
is any solid material which travels in the blood vessels. 

Most commonly, the source of embolism is the heart, where 
a mural thrombus is formed and ejected into the arterial sys-
tem. Another potential source is atherosclerotic plaque in the 
aorta which can dislodge and travel downstream as emboli. 
The embolus keeps traveling in the arteries until it becomes 
trapped in an artery having the same diameter as the embolus, 
thus occluding blood fl ow at this level. Usually, the embolus 
lodges at arterial branch points. A large embolus can settle at 
the aortic bifurcation as a saddle embolus. An embolus that 
has passed beyond the aortic bifurcation usually gets lodged 
in the common femoral artery at its bifurcation into the 
superfi cial and profunda femoris arteries or in the popliteal 
artery at its bifurcation into the anterior tibial artery and tib-
ioperoneal trunk. Patients who have no baseline PAD lack 
collaterals and sudden occlusion usually leads to acute severe 
pain. On physical examination, the leg appears pale or white 
and usually has a marked neurosensory defi cit. Once direct 
blood fl ow is stopped at the site of embolic occlusion, distal 
stasis can lead to formation of secondary thrombus. 

 Usually at the time of embolectomy, a clear distinction can 
be made between the embolus and secondary thrombus. 
Embolus from a cardiac source is usually large, solid, and 
white in color (organized, platelet rich), while the secondary 
thrombus is generally plum-colored. With continued stasis, 
secondary thrombus propagates and starts extending into 
smaller blood vessels and capillaries. If not treated by inter-
vention, the thrombus adheres to the endothelial lining mak-
ing it diffi cult to remove with embolectomy catheters and 
resistant to dissolution by intra-arterial thrombolytic therapy. 

 Thrombosis of native arteries can result from several 
conditions including chronic progressive atherosclerosis, 
hypercoagulability, and arterial dissection. Atherosclerosis 
causes gradual narrowing of the arteries which can progress 
to a hemodynamically signifi cant stenosis. If the narrowing 
gets worse and becomes a critical stenosis, blood fl ow through 
the artery slows down allowing for platelet aggregation, 
thrombus formation, and possible occlusion. Accumulated 
evidence shows that plaque disruption in carotid and coronary 
arteries can result in acute stroke and myocardial infarction, 
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respectively [ 9 ]. Although plaque disruption has not been shown 
to directly cause acute thrombosis in peripheral arteries, the 
composition of atherosclerotic plaques is similar regardless 
of the artery involved. Therefore, it is likely that plaque dis-
ruption plays a role in acute peripheral artery thrombosis. The 
slow progression of atherosclerosis allows most peripheral 
arterial beds to develop robust collaterals. The blood fl ow 
provided by these collaterals can minimize the impact of an 
acute thrombotic occlusion which explains why patients with 
acute thrombosis typically have less severe ischemic symp-
toms compared to patients with an embolic obstruction.  

    Diagnosis 

 Clinical presentation of acute limb ischemia depends on the 
adequacy of collateral blood vessels and the diameter of the 
occluded artery. For example, a saddle embolus at the aortic 
bifurcation occludes arterial infl ow to the lower extremities 
leading to acute ischemic symptoms in both legs. Likewise, 
an embolic occlusion or traumatic arterial injury to the lower 
extremity in a person with normal arteries can lead to pro-
found limb ischemia. In contrast, patients with chronic ath-
erosclerotic disease of the superfi cial femoral artery (SFA) 
and well-developed collaterals may not develop ischemic 
symptoms even if the SFA acutely occludes. 

 Acute onset of limb pain is the most common symptom. 
Usually, the sensory nerves are affected fi rst making sensory 
loss one of the earliest signs of acute ischemia. Motor nerves 
are affected next leading to muscle weakness. Skin is 
involved next, presenting as pallor and mottling in some 
cases. Muscles are affected later, and, therefore, calf muscle 
tenderness in patients with an acute arterial occlusion indi-
cates more advanced ischemia. 

 The classic fi ve Ps of acute limb ischemia remain useful 
in guiding the physical exam: pallor, pain, paresthesia, paral-
ysis, and pulse defi cit (with poikilothermia being a 6th). 
Standard vascular examination demonstrates absent pulses 
below the level of occlusion. Careful examination can distin-
guish a normal pulse from the prominent “water hammer 

pulse   ” at the site of obstruction. Skin color, capillary refi ll, 
and sensory and motor examination in the involved extrem-
ity should be performed to assess the severity of ischemia. 
The exact level of loss of pulse should be determined, as it 
helps identify the level of occlusion and guides therapy. For 
example, loss of the femoral pulses with mottling of both 
lower extremities suggests occlusion at the aortic level, 
whereas loss of one femoral pulse suggests ipsilateral iliac 
occlusion. Similarly, presence of a femoral pulse with loss of 
the distal pulses suggests SFA/popliteal artery occlusion, 
while presence of a popliteal pulse with loss of distal pulses 
suggests infrapopliteal arterial occlusion. The examiner should 
also assess heartbeat for arrhythmias and palpate for 
aneurysms in the abdominal aorta and femoral and popliteal 
arteries as possible sources of embolism or thrombosis. 

 The scoring system for assessing the severity of acute 
ischemia has been developed by the Society for Vascular 
Surgery and the International Society for Cardiovascular 
Surgery, which was later modifi ed by TASC in 2007 
(Table  3.1 ) [ 4 ,  10 ,  11 ]. The classifi cation system ranges from 
patients with class I ischemia who have viable limbs to 
patients with class III ischemia who have unsalvageable 
extremities. There is no role for revascularization in class III 
ischemia and the major decision options are amputation ver-
sus comfort care. Patients with class II ischemia require 
revascularization, and it is crucial to accurately classify these 
patients into marginally threatened (IIa) and immediately 
threatened (IIb) categories. This classifi cation determines 
the timing and type of therapy offered as will be discussed 
later in this chapter.

      Imaging 

 The importance of a good clinical examination cannot be 
overstated. In a patient with imminent risk of limb loss, a 
well-performed clinical examination may provide enough 
diagnostic information to bring the patient directly to the 
operating room without wasting time on unnecessary imag-
ing studies. 

   Table 3.1    Acute limb ischemia classifi cations   

 Category  Description/prognosis 

 Findings  Doppler signals 

 Sensory loss  Motor loss  Arterial  Venous 

 I. Viable  Not immediately threatened  None  None  Audible  Audible 
 II. Threatened 

 (a) Marginally  Salvageable if promptly treated  Minimal (toes) or none  None  Inaudible  Audible 
 (b) Immediately  Salvageable with immediate 

revascularization 
 More than toes, 
associated with rest pain 

 Mild, moderate  Inaudible  Audible 

 III. Irreversible  Major tissue loss or permanent 
nerve damage inevitable 

 Profound, anesthetic  Profound, paralysis 
(rigor) 

 Inaudible  Inaudible 

  Adapted from Rutherford et al. [ 10 ]  
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    Duplex Ultrasound 
 Duplex ultrasound can accurately determine the level of 
obstruction and the status of other blood vessels in the limb. 
More importantly, in cases of aortic dissections extending 
into one extremity, duplex ultrasound can identify the true 
and false lumens.  

    Computed Tomography Angiography (CTA) 
 Computed tomography angiography (CTA) is widely avail-
able in most emergency departments, and the imaging qual-
ity is similar to intra-arterial angiography. As a noninvasive 
imaging modality, CTA has an advantage in the evaluation of 
aortoiliac occlusions, dissections, traumatic limb injuries, 
and patients with signifi cant underlying occlusive disease.  

    Digital Subtraction Angiography (DSA) 
 Digital subtraction angiography (DSA) is the mainstay diag-
nostic study, especially when thrombolytic therapy is antici-
pated. An angiogram can show the level of occlusion, the 
patency of distal blood vessels. In some cases, the angio-
graphic images suggest the etiology of ischemia. For exam-
ple, embolic occlusions will have a sharp cutoff sign with no 
collateral vessels (Fig.  3.1 ), while thrombotic occlusions will 
show collateral blood vessels around the occluded artery 
(Fig.  3.2 ). For collaterals to develop, the affected artery must 
have been stenosis over a long period of time implying that 
the ischemic event represents acute thrombosis of an already 

diseased artery. Hybrid operating rooms allow for a seamless 
transition between diagnostic angiography, endovascular 
therapy, and surgical intervention.

          Treatment Decision Making 

 Treatment decisions concerning an acutely threatened limb 
can be challenging for even the most experienced surgeons. 
Making the best treatment choice requires a basic under-
standing of the etiology, pathophysiology, and consequences 
of limb ischemia. Younger patients with acute limb ischemia 
are at risk for limb loss, whereas older patients have a high 
risk of mortality in addition to the threat of limb loss. Patients 
with acute myocardial infarction and poor cardiac output 
have substantially higher postoperative mortality, regardless 
of the type of operation performed [ 12 ,  13 ]. Therefore, per-
forming a thorough history and physical examination and 
accurately placing the patient in the appropriate category of 
limb ischemia are crucial. 

 Anticoagulation should be initiated on all patients with 
acute limb ischemia. Blaisdell introduced the role of heparin 
in preventing proximal and distal propagation of thrombus in 
patients with acute limb ischemia [ 14 ]. Although heparin 
does not have thrombolytic properties, it stabilizes and pre-
vents extension of the already formed thrombus while pre-
serving the patency of the microcirculation. An initial heparin 
bolus of 80 units/kg should be followed by a continuous 
infusion of 18 units/kg/h. Most patients are dehydrated and 

  Fig. 3.1    Digital subtraction arteriogram showing embolic occlusion of 
the popliteal artery. Note the distinct cutoff of the popliteal and absence 
of collateral vessels       

  Fig. 3.2    Digital subtraction arteriogram showing arterial thrombosis 
with well-developed collaterals around the area of occlusion       
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benefi t from large bore intravenous access and hydration. 
Contrast which is required for angiographic imaging may be 
harmful to kidney function, especially in dehydrated patients. 

 Patients with class I limb ischemia have viable limbs 
which allows more time to get investigational studies that 
will guide defi nitive treatment. Revascularization for this 
group of patients can be performed less emergently, and 
patients may benefi t from anticoagulation in the interim 
period. In addition, high surgical risk patients occasionally 
are not revascularized if their residual perfusion is adequate 
and the addition of long-term anticoagulation is felt to pre-
vent further ischemic events. 

 Patients with reversible ischemia (class II) require revas-
cularization for limb salvage. The majority of patients with 
acute limb ischemia present as class II ischemia and benefi t 
the most from revascularization efforts. Any sensory or motor 
defi cit in this group of patients must be identifi ed, as the pres-
ence of these defi cits implies that the peripheral nerve cells 
are getting ischemic and will soon become anoxic. Nerve 
death is followed by muscle necrosis and limb loss. Patients 
with class IIa ischemia have marginally threatened limbs 
allowing the surgeon more time to decide on defi nitive treat-
ment. All of these patients should be immediately anticoagu-
lated and undergo an imaging study. Revascularization can 
involve endovascular or open surgical techniques, depending 
on the surgeon’s familiarity and comfort with the use of mod-
ern endovascular technology. The duration of symptoms can 
help guide treatment decisions. Patients who have less than 
2 weeks duration of signs and symptoms benefi t the most 
from endovascular treatment, while patients whose duration 
of symptoms is more than 2 weeks usually benefi t more from 
open surgical procedures [ 15 ]. Intra-arterial thrombolytic 
therapy requires close clinical monitoring and interval angi-
ography. If the patient cannot tolerate thrombolysis or devel-
ops worsening ischemia with motor loss, the treating surgeon 
must be prepared to perform an emergent open surgical revas-
cularization to save the leg. 

 Patients with class IIb ischemia have acute critical isch-
emia and are at an extremely high risk for limb loss if emer-
gent revascularization is not performed. Institutions with 
limited resources should consider transferring these patients 
to vascular centers of excellence which offer a full range of 
vascular and endovascular services. Evidence suggests that 
this strategy improves surgical outcomes in patients with 
acutely threatened limbs [ 3 ]. Historically, these patients had 
extremely high rates of limb loss. The advent of the embo-
lectomy catheter by Fogarty in 1963 revolutionized the 
treatment of acutely threatened limbs [ 16 ]. Balloon catheter 
embolectomy became the gold standard surgical therapy 
for acute limb ischemia. Although low-dose intra-arterial 
thrombolytic treatment is effective for subcritical ischemia, 
the long treatment time required makes thrombolysis ill 
suited for threatened limbs requiring immediate reperfusion. 

Well- equipped endovascular centers can perform accelerated 
thrombolysis with high-dose, short-duration infusions [ 17 ] 
or pulse spray thrombolysis [ 18 ]. Use of these advanced 
techniques requires 24-h availability of angiography suites 
and a commitment to perform emergent open surgery if the 
limb status deteriorates during thrombolytic therapy. Patients 
with severe ischemia from a focal thrombus or embolus in a 
proximal vessel usually benefi t more by proceeding directly 
to a defi nitive surgical thromboembolectomy. 

 Patients with class III acute limb ischemia have irrevers-
ible ischemia that cannot be treated with revascularization. 
In fact, revascularization attempts in this group of patients 
can be harmful by causing rhabdomyolysis and myoglobin-
uria. These patients are better served with limb amputation at 
the appropriate anatomic level.  

    Endovascular Therapy and Thrombolysis: 
General Principles 

 The use of thrombolytic therapy for acute limb ischemia has 
evolved over the last several decades with many reports in the 
literature describing its benefi t. Systemic infusion of throm-
bolytic therapy has given way to catheter-directed thromboly-
sis (i.e., percutaneous placement of a catheter directly into the 
intra-arterial thrombus). Tissue plasminogen activator (TPA) 
has largely replaced streptokinase and urokinase and is 
infused in a variety of doses and infusion times. Although 
randomized trials have been performed, they failed to provide 
a clear-cut answer to the treatment dilemma of thrombolysis 
versus surgical revascularization. Meta- analyses have found 
similar mortality and amputation rates for both percutaneous 
thrombolysis and open surgery. Thrombolysis reduces the 
need for open major surgery at a cost of causing more bleed-
ing and distal embolization [ 19 ,  20 ]. 

 Patients who present with limb ischemia less than 14 days 
duration with intact motor and sensory function may benefi t 
from intra-arterial catheter-directed thrombolysis followed 
by correction of the causative lesion. Treatment options for 
patients with an acutely occluded bypass graft include surgi-
cal graft thrombectomy, thrombolysis with correction of the 
causative lesion, or creation of a new bypass. Consideration 
needs to be given to the age of the graft, conduit availability, 
the duration and degree of ischemia, and the overall condi-
tion and comorbidities of the patient. 

 Absolute contraindications to thrombolysis are recent 
intracranial or retinal surgeries. The practitioner must be 
ready to abort thrombolysis in favor of open surgical revas-
cularization if at any point thrombolysis is causing an unac-
ceptable delay in revascularization. The decision to perform 
thrombolysis versus open surgical revascularization should 
be made by a surgeon familiar with both techniques in a cen-
ter equipped to perform either procedure.  
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    Femoral and Brachial Embolectomy 
Techniques 

    Femoral Artery Embolectomy 

 The majority of patients presenting with acute lower 
extremity ischemia have an embolism lodged at the com-
mon femoral artery bifurcation that can be surgically 
treated with a femoral embolectomy. All patients should 
receive full systemic heparinization while being prepared 
for emergent surgery.    The operation can be performed 
under general anesthesia; however, local anesthesia with 
moderate sedation may be more appropriate for patients 
with signifi cant pulmonary comorbidities. The sterile prep 
should extend from the umbilicus to the entire limb circum-
ferentially down to the toes. A longitudinal or oblique inci-
sion can be made for femoral artery exposure. An oblique 
incision, while sometimes limiting exposure, is preferred 
by many surgeons for its superior healing especially in 
morbidly obese patients. Although oblique incisions can be 
associated with lymphatic issues such as lymphocele or 
lymphedema, these complications can be avoided by dis-
secting in a vertical plane once the superfi cial fascia has 
been opened. 

 For the standard vertical incision, the femoral artery lies 
approximately two fi ngerbreadths lateral to the pubic tuber-
cle (Chap.   2    , Fig.   2.13    ). In the patient with a pulseless femo-
ral artery, the fi rm tubular structure of the clotted or 
atherosclerotic artery can be palpated by rolling one’s fi ngers 
back and forth over the groin. A vertical incision should 
begin well above the inguinal crease, incising the lowermost 
fi bers of the external oblique aponeurosis in order to gain full 
exposure to the proximal common femoral artery. Once the 
superfi cial fascia is opened, tributaries of the great saphe-
nous vein will be encountered and require ligation as neces-
sary to facilitate arterial exposure. Contrary to the popular 
mnemonic NAVEL (nerve, artery, vein, empty space, lym-
phatics) for structures organized lateral to medial, lymphat-
ics can be present on both the medial and lateral sides of the 
vein. Carefully ligating and dividing this tissue helps avoid 
lymphatic complications. 

 The deep fascia should then be incised longitudinally. 
Encountering muscle indicates that the dissection is too far 
lateral, while visualization of venous structures suggests the 
approach is too medial. Repeat palpation or Doppler examina-
tion will keep the dissection on track and in the appropriate 
trajectory. Upon opening the deep fascia, the “bloodshot eye” 
appearance of the common femoral artery will be noted due to 
the unique appearance of the vasa vasorum on the surface of 
acutely occluded peripheral arteries. Sharp dissection should 
continue in close proximity to the artery in order to gain 

control of the vessel by encircling it with an umbilical tape. 
Gentle upward traction on the umbilical tape will elevate the 
artery facilitating further dissection proximally as necessary to 
ensure one has the common femoral artery isolated. As dissec-
tion continues distally, an abrupt change in caliber of the ves-
sel indicates the femoral bifurcation. At the bifurcation, the 
profunda femoris artery usually travels posterolaterally while 
the SFA continues distally in the same plane as the common 
femoral artery (Chap.   2    , Fig.   2.14    ). Both vessels should be 
encircled with atraumatic Silastic vessel loops, taking care to 
protect a sensory branch of the femoral nerve, which courses 
anteriorly from lateral to medial just distal to the femoral 
bifurcation. 

 Once arterial structures are dissected free from the sur-
rounding tissues, the patient is bolused with heparin if a 
therapeutic heparin infusion is not already running. After 
3 min, an angled soft-jaw clamp is applied to the proximal 
common femoral artery and the previously looped branches 
are secured. The arteriotomy can be performed in a trans-
verse or longitudinal fashion. If the artery feels soft and free 
of atherosclerotic plaque and acute embolism is felt for cer-
tain to be the cause, a simple transverse arteriotomy should 
be used. This orientation will allow thrombus retrieval proxi-
mally and distally and can be closed with interrupted poly-
propylene suture (5.0 or 6.0) without concern for future 
stenosis at the arteriotomy site. If a signifi cant amount of 
atherosclerotic plaque is appreciated and an acute-on-chronic 
etiology for acute limb ischemia is suspected, a longitudinal 
arteriotomy should be used. This type of arteriotomy usually 
requires closure with a patch angioplasty to prevent future 
stenosis. 

 The Fogarty embolectomy catheter is a thin-walled bal-
loon attached to a hollow catheter with a hub at the end to 
which a syringe is attached (Fig.  3.3 ). Arterial embolec-
tomy catheters range in size from 1F to 6F. The catheters 
are marked at 5–10 cm intervals. Before beginning the 
thromboembolectomy, placing the catheter on the patient 
will help gauge how far one will need to advance the cath-
eter in order to reach the aortic bifurcation or the popliteal 
artery. Typically, a 4F or 5F catheter is repeatedly passed 
proximally until thrombus is no longer retrieved. 
Heparinized saline is instilled proximally and the artery 
reclamped. A similar process proceeds distally with ini-
tially a 4F catheter followed by a smaller 3F as necessary. 
When using the catheter, it is important that the individual 
pulling on the catheter is the one controlling the infl ation of 
the balloon so that the drag and pull on the artery can be 
appreciated in order to avoid vascular injury to the intimal 
surface. The goal is to coapt the balloon against the arterial 
sidewall without excessive force. Fluoroscopy and an over-
the-wire embolectomy catheter may be required to retrieve 
clot that extends into the tibial vessels,
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   Once the thrombus has been cleared, a completion 
imaging study, such as intraoperative arteriography, should 
be used to assess the technical success of the procedure. 
In simple cases, a completion angiogram may not be nec-
essary; however, unsuspected technical fl aws can be 
detected in up to 10 % of cases [ 8 ]. The completion angio-
gram can be performed either before or after closure of the 
arteriotomy. If before, an angiocatheter is inserted through 
the arteriotomy and the vessel is snugged around it with a 
vessel loop. A short length of pressure tubing with a three-
way stopcock on the end can make it easier to inject 
contrast and fl ush the artery with heparinized saline. 
Multiple digital subtraction runs may be necessary to 
image the entire extremity. A  transverse arteriotomy can 
then be closed primarily with interrupted simple 5-0 poly-
propylene sutures. Longitudinal arteriotomies require clo-
sure with a small elliptical-shaped patch of nearby vein or 
synthetic material which is sutured into position in a run-
ning fashion. Arteriograms performed after closure of the 
arteriotomy require a needle puncture to introduce a can-
nula. The arterial infl ow should be occluded while inject-
ing contrast to optimize the image quality. If the arteriogram 
is satisfactory, a purse-string suture can be used to close 
the cannulation site. The groin incision is then closed in 
layers after achieving hemostasis.  

    Brachial Artery Embolectomy 

 The approach to acute upper extremity ischemia follows the 
same overall principles used for the lower extremity. The 
most common presentation involves an embolus from a car-
diac source that lodges at the brachial bifurcation. After sys-
temic anticoagulation, patients proceed to the operating room 
with similar anesthetic management as described above. 

 The most common exposure of the brachial artery centers 
over its bifurcation (please refer to Chap.   2    , Figs.   2.25     and 
  2.26    a, b). An “S”-shaped incision around the antecubital 
fossa decreases the chance of skin contractures during heal-
ing. The incision starts longitudinally on the medial upper 
arm proximal to the antecubital crease. It then takes a trans-
verse course across the antecubital crease and terminates 
longitudinally on the lateral proximal forearm. The extent of 
the incision depends on the location of the brachial bifurca-
tion and the severity of disease. After the incision is deep-
ened, the aponeurosis of the biceps tendon can be partially 
divided to expose the brachial artery. Care should be exer-
cised to avoid undue retraction on the median nerve, which is 
posteromedial to the brachial artery. Once the brachial artery 
is looped, gentle upward traction will facilitate isolating the 
radial and ulnar arteries with Silastic loops. 

a

b

c

Fogarty catheter

Artery with thrombus

Inflated fogarty balloon

Removing
thrombus

Proximal clamp

  Fig. 3.3    Demonstration of 
performing an arterial 
thrombectomy/embolectomy. ( a ) 
Placement of the catheter tip just 
beyond the thrombus. ( b ) 
Infl ation of the embolectomy 
balloon. ( c ) Removal of the 
thrombus through the arteriotomy 
using the embolectomy catheter       
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 As with the femoral embolectomy, systemic hepariniza-
tion is followed by proximal and distal clamping of the bra-
chial artery and its branches. Chronic atherosclerotic 
occlusive disease is rare at the brachial artery; thus, a trans-
verse arteriotomy can almost always be used. Exceptions to 
this rule include patients with a traumatic injury or multiple 
prior upper extremity surgeries for dialysis access. In these 
cases, chronic anastomotic stenosis may be present requiring 
a longitudinal arteriotomy. Generally 3F to 4F Fogarty bal-
loon thrombectomy catheters are used for the upper extremity. 
The technique for thrombectomy/embolectomy is illustrated 
in Fig.  3.3 . 

  Technical Tips/Pitfalls 
     1.    Ensure that the incision is of adequate length in order to 

avoid struggling with the exposure.   
   2.    Use self-retaining retractors with appropriate depth and 

grasp, readjusting at each level of dissection.   
   3.    Beware of nerve injury from poorly placed retractors and 

use of electrosurgery near nerves.   
   4.    Be wary of nearby lymphatics whether using an oblique or 

longitudinal incision for femoral exposure in the groin. 
Ligate or cauterize all lymphatics before transecting them.   

   5.    Locate pulseless arteries by palpation as a fi rm tubular 
structure or by Doppler signal detected beyond the area of 
obstruction.   

   6.    As soon as possible, dissect close to and around the artery. 
Encircling the artery with an umbilical tape and then 
applying traction facilitates its elevation and allows 
branches to be more readily dissected. This technique is 
safer than trying to dig the artery out that is lying in its 
bed at the depth of the wound.        

    Postoperative Management 

 The introduction of the Fogarty embolectomy catheter nearly 
50 years ago has dramatically decreased mortality and limb 
loss from arterial embolism. Despite this advance, the comor-
bidities of patients presenting with acute limb ischemia por-
tend a worse prognosis compared to patients with chronic 
atherosclerosis who present with less severe ischemia. 
Cardiac dysrhythmias, coronary artery disease, hypertension, 
hyperlipidemia, and diabetes are common comorbid states 
and bring their own set of complications to the postoperative 
setting despite an expeditious embolectomy through a small 
incision or needle puncture. Common complications related 
to surgical thrombectomy/embolectomy include hypotension, 
myocardial infarction, stroke, acute renal failure, infection, 
bleeding, compartment syndrome, and even death. 

 Therapeutic anticoagulation with heparin should continue 
postoperatively with conversion to long-term oral antico-
agulation with warfarin. In general, therapeutic intravenous 

unfractionated heparin is used for the fi rst 1–2 postoperative 
days due to the relatively short half-life and ability to discon-
tinue it if there are bleeding complications. The author’s 
preference is to convert from unfractionated heparin to low 
molecular weight heparin on the second postoperative day, if 
no additional procedures are being planned and the patient is 
recovering as expected. A course of anticoagulation with 
warfarin follows. 

 Compartment syndrome can develop postoperatively, par-
ticularly if there is a prolonged delay in achieving reperfu-
sion. Patients who are not revascularized in an adequate time 
period – ischemia lasting more than 6 h – need to be consid-
ered for fasciotomy of the lower leg. In general, the upper 
extremity is more forgiving compared to the lower extremity 
due to its smaller muscle mass. Even if revascularization 
occurs within the 6-h time frame, patients should still be 
closely monitored for compartment syndrome postopera-
tively. Creatinine kinase levels may be followed along with 
physical examination of the compartments. Decreased fi rst 
web space sensation on the foot and calf pain with passive 
stretch or dorsifl exion of the foot are early signs of compart-
ment syndrome that should prompt urgent compartment 
pressure measurement and a low threshold for return to the 
operating room for fasciotomy. 

 The source of embolism is frequently cardiac in nature 
with atrial fi brillation being the most common etiology. 
In patients without cardiac dysrhythmia, transthoracic or 
transesophageal echocardiography is warranted to rule out 
ventricular thrombus or aneurysm. Computerized tomogra-
phy (CT) of the chest, abdomen, and pelvis will provide 
imaging of the aorta and iliac arteries to identify aneurysms 
or extensive atherosclerotic disease, which can serve as 
sources of arterial embolization. Hypercoagulable workup 
should be performed for this patient population and may help 
guide long-term anticoagulation. 

 Patients are followed in the offi ce after discharge to ensure 
complete healing of wounds and to monitor the arterial per-
fusion of the extremity. Arterial duplex and ankle brachial 
indices in the noninvasive vascular lab are useful and objec-
tive tools for surveillance.  

    Limb Salvage Predictors and Survival 
Implications 

 In general, patients with acute arterial embolism are more 
likely to die, while those with arterial thrombosis are more 
likely to require amputation. Limb salvage tends to be 
higher after embolization than thrombosis due to the ease of 
performing balloon embolectomy versus a distal tibial 
bypass [ 8 ]. In population studies, the 5-year survival rate for 
patients with acute arterial embolization was 17 % which is 
signifi cantly lower than the expected survival of 62 % [ 21 ]. 

3 Peripheral Arterial Thrombosis/Emboli
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More patients with acute arterial thrombosis are alive at 5 years; 
however, the 44 % survival rate is still less than the expected 
74 % for population-matched controls. This lower survival 
rate is likely due to the older age of those with embolic dis-
ease and the greater prevalence of cardiac disease. 

 Predictors of successful limb salvage include the absence 
of underlying lower extremity atherosclerotic disease, nor-
mal cardiac function, and younger age (less than 80 years). 
Clearly, those patients who seek treatment earlier in their 
acute ischemic process and undergo revascularization expe-
ditiously stand a better chance of successful limb salvage.  

    Conclusion 

 This chapter emphasized the key concepts in the diagnosis, 
classifi cation, and treatment of acute limb ischemia. Physical 
exam serves as the foundation for the diagnosis of acute limb 
ischemia while imaging studies provide confi rmation and 
guidance for treatment decisions. Classifying the severity of 
ischemia determines the feasibility and urgency of revascu-
larization. Treatment strategies for acute limb ischemia 
include endovascular therapy in the form of thrombolysis 
and surgical intervention involving thromboembolectomy. 
Surgeons treating acute limb ischemia should be familiar 
with the advantages, drawbacks, and technical details of the 
various options for revascularization. Achieving a successful 
outcome in patients with an acutely ischemic limb requires 
sound clinical judgment and technical expertise.     
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           Introduction 

 Compartment syndrome (CS) is a condition in which 
increased pressure within a limited space compromises the 
circulation and function of affected tissues [ 1 – 6 ]. Arising 
from a wide variety of circumstances (Table  4.1 ), this condi-
tion is a limb and potentially life-threatening condition with 
which every surgeon should have intimate knowledge. 
Current knowledge unequivocally refl ects that failure to iden-
tify and treat CS properly leads to tissue necrosis, permanent 
functional impairment, possible amputation, and potential 
renal failure and death [ 2 ,  7 ,  34 – 39 ]. In a 9-year review of 
extremity trauma, Feliciano et al. [ 40 ] found that 75 % of 
amputations in the lower extremity were related to a delay in 
performing fasciotomy or an incomplete fasciotomy. 

 Not only is disability resulting from CS of great conse-
quence to the patient [ 41 – 43 ], but failure to diagnose or 
properly treat a CS is one of the most common causes of 
medical litigation, with signifi cant malpractice liability [ 4 ]. 
Bhattacharyya and Vrahas [ 44 ] reported an average indem-
nity payment of $426,000 in nine cases settled between 1980 
and 2003 in Massachusetts, and awards as high as $14.9 mil-
lion have been made in cases of missed CS. 

 The average number of fasciotomies reported in case logs 
submitted to the American Board of Surgery for 2011 gradu-
ates of US surgical residencies was 1.2 [ 45 ], and the average 
number of fasciotomies reported by graduates of US vascu-
lar fellowships in the last decade has been between 0.8 and 
1.4 per year [ 46 ]. As such, otherwise well-trained surgeons 

are ill-prepared to recognize and manage CS and to perform 
complete and adequate fasciotomies. Optimal outcomes 
result from early recognition of CS and aggressive, properly 
performed fasciotomy. Proper fasciotomy requires extensive 
knowledge of the anatomical landmarks and anatomy of the 
muscle compartments of the extremities. 

 The goal of this chapter is to review the pathophysiology, 
epidemiology, diagnosis, relevant anatomy, and treatment of 
CS with an emphasis on the proper performance of fasciot-
omy of the lower leg and complications associated with this 
vital limb and potentially life-saving procedure.  

    Pathophysiology 

 The pathophysiology of CS is relatively straightforward. 
Groups of muscles and their associated nerves and vessels 
are surrounded by thick fascial layers that defi ne the various 
compartments of the extremities which are of relatively fi xed 
volume. Compartment syndrome occurs either when com-
partment size is restricted or compartment volume is 
increased [ 7 ]. Several conditions have been implicated in 
causing CS [ 1 ,  7 – 33 ] and are detailed in Table  4.1 .

   As pressures increase because of internal or external 
forces, venous fl ow decreases and narrows the arteriovenous 
perfusion gradient, resulting in diminished tissue blood fl ow. 
This condition is self-perpetuating, leading to a continuous 
loop that must be broken with the timely initiation of defi ni-
tive care [ 7 ]. Hippocrates may have been the fi rst to describe 
the dangers of elevated intracompartmental pressures in 
400 BC [ 47 ]. When untreated, permanent deformity of the 
distal extremity results, a phenomenon fi rst described by 
Richard von Volkmann in the late nineteenth century [ 48 ]. 
In 1926, Jepson [ 49 ] was able to experimentally create CS in 
the extremities of dogs using external pressure (Esmarch’s 
bandage), and he suggested drainage of the compartments 
would be of value in preventing deformity. 

 Cellular anoxia is the fi nal common pathway of all com-
partment syndromes. However, the interrelation between 
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increased compartment pressure, blood pressure, and loss of 
tissue perfusion leading to cell death are incompletely under-
stood. This incomplete understanding leads to diagnostic and 
treatment challenges. As ischemia continues, irreparable 
damage to tissue ensues and myoneural necrosis occurs. 
Development of CS depends on many factors, including the 
duration of the pressure elevation, the metabolic rate of the 
tissues, vascular tone, associated soft tissue damage, and 
local blood pressure [ 6 ]. Nerves demonstrate functional 
abnormalities (paresthesias and hypoesthesia) within 30 min 
of ischemic onset. Irreversible functional loss will occur 
after 12–24 h of total ischemia [ 1 ]. The muscle shows func-
tional changes after 2–4 h of ischemia with irreversible loss 
of function beginning at 4–12 h. 

 A dynamic relationship exists among the blood pressure, 
the level of intracompartmental pressure (ICP), and the dura-
tion of time for which a raised pressure is maintained. It is 
known that the higher the pressure, the faster and greater is 
the damage, but a lower pressure maintained for a longer 
period of time may also cause similar tissue damage [ 38 ]. 
Many authors [ 50 ,  51 ] have concluded that catastrophic clin-
ical results were inevitable if fasciotomies were delayed for 
over 12 h, whereas a full recovery was achieved if decom-
pression was performed within 6 h of making the diagnosis. 
Compartment syndromes lasting longer than 8–12 h are 
likely to produce chronic functional defi cits, such as contrac-
tures, sensory aberrations, and motor weakness. Clinically, a 
precise pressure threshold and duration do not exist above 
which signifi cant damage is irreversible and below which 
recovery is assured. 

 Tissue that has been previously subjected to intervals of 
ischemia is especially sensitive to increased pressure. 
Bernot and colleagues [ 52 ] showed that tissue previously 
compromised by ischemia prior to elevated ICP has a lower 
threshold for metabolic deterioration and irreversible dam-
age. It must be kept in mind that polytrauma patients with 
low blood pressures can sustain irreversible injury at lower 
 compartment pressures than patients with normal blood 
pressures, and a very high index of suspicion should be 
maintained in this group.  

    Epidemiology/Risk Factors 

 Given the consequences of missing a CS, it is important 
to identify the population at risk, as well as factors which 
predict the occurrence of this condition. In a 10-year retro-
spective review of over 10,000 trauma patients sustaining 
extremity injury, Branco et al. described a fasciotomy rate of 
2.8 % [ 35 ]. During this period, 315 fasciotomies were per-
formed on 237 patients with 68.4 % done below the knee, 
14.4 % on the forearm, and 8.9 % on the thigh (see Fig.  4.1 ). 
In a review of 294 combat-injured soldiers undergoing 494 
fasciotomies, Ritenour et al. reported the calf as the most 
common site (51 %) followed by the forearm (22.3 %), the 
thigh (8.3 %), the upper arm (7.3 %), the hand (5.7 %), and 
the foot (4.8 %) [ 53 ].

   Certain injury patterns have been associated with higher 
likelihood of needing fasciotomy. Blick et al. found a close 
association between grade of fracture, degree of comminu-
tion, and risk of development of CS in a retrospective review 
of 198 open tibia fractures [ 54 ]. Abouezzi et al. found a 28 % 
incidence of fasciotomy in patients with peripheral vascular 
injuries treated at a level I trauma center. They determined 
that injury to popliteal vessels was more likely (62 % cases) 
to result in fasciotomy than above the knee vascular injury 
(19 % cases) [ 55 ]. This fi nding was echoed by Gonzalez 
et al. [ 56 ] who reported that CS of the lower extremity was 
more likely to be associated with penetrating injuries below the 
knee (94 %) than above the knee. Another study evaluated 
femoral vascular injuries in particular and found that the 
rates of fasciotomy depended on whether there was isolated 
arterial (13 % fasciotomy) or venous injury (3 % fasciotomy) 
or a combination (38 % fasciotomy) [ 57 ]. 

 Branco et al. [ 35 ] found that the incidence of fasciotomy 
varied widely by mechanism of injury (0.9 % after motor 
vehicle collision to 8.6 % after a gunshot wound). Additionally 
the need for fasciotomy was related to the type of injury rang-
ing from 2.2 % incidence for patients with closed fractures up 
to 41.8 % in patients with combined venous and arterial inju-
ries (see Fig.  4.2 ). The study by Branco identifi ed the risk 
factors associated with the need for fasciotomy after extrem-
ity trauma: young males with penetrating or multisystem 

    Table 4.1    Factors implicated with the development of acute limb 
compartment syndrome [ 1 ,  7 – 33 ]   

 Restriction of compartment size 
 Increased compartment 
volume 

  From hemorrhage  
 Fractures 

 Casts  Vascular injury 
 Splints  Drugs (anticoagulants) 
 Burn eschar  Hemophilia; sickle cell 
 Tourniquets   From muscle edema/swelling  
 Tight dressings  Crush – trauma, drugs, or 

alcohol 
 Fracture reduction  Rhabdomyolysis/blast injury 
 Closure of fascial defects  Sepsis 
 Incomplete skin release  Exercise induced 
 Military antishock trousers  Envenomation or bee sting 
 Prolonged extrication trapped limb  Massive resuscitation 
 Localized external pressure  Intracompartmental fl uid 

infusion 
 Long leg brace  Phlegmasia cerulea dolens 
 Automated BP monitoring  Electrical burns 
 Malpositioning on OR table  Reperfusion injury 

 Postpartum eclampsia 
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trauma, requiring blood transfusion, and with open fractures, 
elbow or knee dislocations, or vascular injury (arterial, 
venous, or combined) are at the highest risk of requiring a 
fasciotomy after extremity trauma [ 35 ]. Taylor et al. [ 39 ] 
reiterate that age is a major prognostic factor with patients 
less than 35 more likely than older patients to develop CS 
following the same type of injury. These orthopedic authors 
list tibial shaft fractures as the most common antecedent 
cause (36 %) followed by soft tissue injury (23 %), distal 
radial fracture (9.8 %), crush syndrome (7.9 %), diaphyseal 
fracture of the radius/ulna (7.9 %), femoral fracture (3.0 %), 
and tibial plateau fracture (3.0 %) [ 39 ].

       Diagnosis 

 Diagnosis depends on a high clinical suspicion and an under-
standing of risk factors, pathophysiology, and subtle physical 
exam fi ndings. The diagnosis of CS is often based on subtle 
changes in symptoms and vague clinical exam fi ndings. The 
physician must have a high degree of suspicion when treating 

these patients. Time to diagnosis is the most important prog-
nostic factor for these patients. Insuffi cient  understanding of 
the natural history and limited evaluation of signs and symp-
toms primarily account for delays in diagnosis [ 39 ]. It is 
important to realize that the aim is to recognize and treat 
raised intracompartmental pressure before irreversible cell 
damage occurs [ 47 ]. 

 Numerous authors have stated that the diagnosis of CS is a 
clinical diagnosis [ 4 ,  6 ,  7 ,  33 ,  34 ,  39 ,  47 ,  58 – 62 ]. The classi-
cally described fi ve “Ps” – pain, pallor, paresthesias, paralysis, 
and pulselessness – are said to be pathognomonic of 
CS. However,  these are usually late signs and extensive and 
irreversible injuries may have taken place by the time they are 
manifested.  In the earliest stages of CS, patients may report 
some tingling and an uncomfortable feeling in their extremity 
followed closely by pain with passive stretching of the muscles 
of the affected compartment. The most important symptom of 
CS is  pain greater than expected due to the injury alone.  

 Nerve tissue is affected fi rst by the subsequent end-tissue 
hypoxia causing pain on passive motion seen early in the 
development of CS, sparing distal pulses until late in the 
course [ 33 ]. The loss of pulse is a late fi nding, and the pres-
ence of pulses and normal capillary refi ll do not rule out CS! 
 The presence of open wounds does not exclude CS . In fact, the 
worst open fractures are actually more likely to have a CS. 

 All clinical signs have inherent drawbacks in making the 
diagnosis. Pain is an unreliable and variable predictor. It can 
range from being very mild to severe and is already present 
in patients who have suffered acute trauma [ 63 ]. The pain of 
the obvious injury can mask that of an impending CS and 
cannot alone be depended upon to make the diagnosis [ 60 ]. 
Mubarak and colleagues [ 64 ] found that pain in response to 
passive stretching of the affected muscle compartment was 
also an unreliable sign and suggested that the presence of 
hypoesthesia was more dependable. However, Rorabeck and 
Macnab [ 65 ] found hypoesthesia to be the last clinical fi nd-
ing to develop as the syndrome progressed. 

 Although all have a role in the diagnosis of CS, the con-
stellation of signs and symptoms and overall clinical picture 
are more important than the presence or absence of any par-
ticular fi nding [ 39 ]. Ulmer [ 41 ] undertook a review of over 
1,900 articles on CS published in the English literature 
between 1966 and 2001 to assess whether published studies 
support basing the diagnosis of CS of the lower leg on clini-
cal fi ndings. This exhaustive review produced only four stud-
ies in which sensitivity, specifi city, and positive and negative 
predictive values could be calculated [ 66 – 69 ]. Data from 
these studies suggest that the sensitivity of clinical fi ndings 
for diagnosing CS is low (13–19 %). The positive predictive 
value of clinical fi ndings was 11–15 %, and the specifi city 
and negative predictive value were each 97–98 %. These 
fi ndings suggest that the clinical features of CS are more use-
ful by their absence in excluding the diagnosis than when 

  Fig. 4.1    Anatomic distribution of 315 fasciotomies done for extremity 
trauma. Other includes the foot and hand (Adapted, with permission 
from Elsevier, from Branco et al. [ 35 ])       

  Fig. 4.2    Incidence of fasciotomy as a result of the injury type in 315 
fasciotomies done for extremity trauma (Adapted, with permission 
from Elsevier, from Branco et al. [ 35 ])       
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they are present in confi rming the diagnosis. When one clinical 
fi nding was present, the probability of a CS was 25 and 93 % 
when three clinical fi ndings were present [ 41 ]. 

 Given the fi ndings of Ulmer’s review and the fact that clinical 
fi ndings may be absent in patients with altered sensorium, 
under the infl uence of drugs or alcohol, distracting injuries, or 
paralysis, many authors advise using tissue pressure measure-
ments as an adjunct to clinical fi ndings [ 36 ,  60 ,  64 ,  70 ]. Others 
advocate the use of compartment pressure measurement as a 
principle criterion for the diagnosis of CS [ 68 ,  71 ]. 

 In actual practice, tissue pressure (compartment pressure) 
measurements have a limited role in making the diagnosis of 
CS. However, in polytrauma patients with associated head 
injury, drug and alcohol intoxication, intubation, spinal injuries, 
use of paralyzing drugs, extremes of age, unconsciousness, or 
low diastolic pressures, measuring compartment pressures may 
be of use in determining the need for fasciotomy. 

 The pressure threshold for making the diagnosis of CS is 
controversial. A number of authors recommend 30 mmHg 
[ 64 ], and others cite pressures as high as 45 mmHg. Ouellete 
[ 72 ] recommended that an ICP of 15–25 mmHg should be 
used in patients with clinical signs and greater than 25 mmHg 
for those without. Many surgeons use the “Delta-P” system. 
The compartment pressure is subtracted from the patient’s 
diastolic blood pressure to obtain the Delta-P. Whitesides as 
early as 1975 proposed that the muscle was at risk when the 
ICP was within 10–30 mmHg of the diastolic pressure [ 73 ]. If 
the Delta-P is less than 30, the surgeon should be concerned 
that a CS may be present. For instance, if the diastolic blood 
pressure was 60 mmHg and the measured compartment pres-
sure was 42 mmHg, the “Delta-P” would be 18 (60 − 42 = 18) 
and the patient is likely to have CS. Other factors to consider 
when considering fasciotomy are the length of time of trans-
port to defi nitive care and ability to do serial exams. 

 One of the earliest champions of measuring compartment 
pressures was Whitesides [ 74 ], who used an 18-gauge needle 
inserted into the compartment connected to a mercury 
manometer to obtain pressure measurements. This and other 
methods to include the wick catheter technique developed by 
Mubarek [ 2 ], and the slit catheter technique developed by 
Rorabeck [ 75 ] have been widely used in the past, but suffer 
from the cumbersome nature of setting them up and user 
variability. A commercially available portable handheld, 
self-contained, electronic pressure monitor with a digital dis-
play is available (Stryker® intracompartmental pressure 
monitor system, Stryker® Surgical, Kalamazoo, Michigan) 
has replaced most of these less reproducible devices as the 
current standard (Fig.  4.3 ). Another commercially available 
device, Twin Star ECS ®  that was initially developed to 
remove fl uid from compartments by tissue ultrafi ltration [ 76 ] 
has recently received clearance to be used a continuous pres-
sure monitor as well (Fig.  4.4 ). An alternative approach is to 

use an 18-gauge needle attached to a side-port arterial line 
setup inserted into the compartment.

    The use of pressure measurements to decide if fasciotomy 
is necessary can be very useful if signifi cantly elevated, but 
there are several potential pitfalls when interpreting pressure 
measurements. It is important to keep in mind that the pres-
sure in one compartment can be normal while that in the 
compartment immediately adjacent can be elevated. It is 
therefore essential to have thorough understanding of the 
anatomy of the compartments and the confi dence that the 
pressure of all of the compartments of the suspicious extremity 
have been measured prior to making any conclusions about a 
normal pressure. Additionally, there may be variations of 
pressure within a compartment at different levels. Seiler 
et al. [ 77 ] demonstrated that there is signifi cant intracom-
partmental variability within normal compartments, and 
Heckman et al. [ 70 ] showed that ICP measurements also 
show variability within an injured compartment. 

 There have been a variety of other noninvasive techniques 
proposed for making the diagnosis of CS to include near- 
infrared spectroscopy [ 78 – 80 ], laser Doppler fl owmetry 
[ 81 ], pulsed phase-locked loop ultrasound [ 82 – 84 ], magnetic 
resonance imaging [ 85 ,  86 ], skin quantitative hardness mea-
surement [ 87 ,  88 ], vibratory sensation [ 89 ,  90 ], and scintig-
raphy using 99Tcm-methoxyisobutyl isonitril (MIBI) [ 91 ]. 
Though some of these techniques have shown early promise, 
none have reached clinical use outside of protocols [ 92 ]. 

 At the end of the day, CS remains primarily a clinical 
diagnosis fueled by a high index of suspicion and supported 
by objective examination fi ndings. The reliance on clinical 
examination with a low threshold for fascial release may 
result in unwarranted fasciotomies, but it avoids the grave 
consequences of a missed diagnosis.  

  Fig. 4.3    Intracompartmental pressure monitor system manufactured 
by Stryker® Surgical, Kalamazoo, Michigan (Courtesy of Stryker® 
Instruments. Kalamazoo, Michigan)       
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    Treatment 

 The defi nitive treatment of CS is  early and aggressive fasci-
otomy.  In patients with vascular injury in whom a fasciotomy 
in conjunction with a vascular repair is planned, it makes great 
sense to perform the fasciotomy  before  doing the repair. The 
rationale for this is that the ischemic compartment is likely to 
already be tight and thus will create infl ow resistance to your 
vascular repair, making it susceptible to early thrombosis. 

 It is imperative that surgeons caring for traumatically 
injured patients fully understand the anatomy of the extrem-
ity compartments and the technique of fasciotomy for each. 
It is extremely embarrassing for the surgeon and life altering 
for the patient if an adequate or timely fasciotomy is not 
done and the patient loses the limb as a result. As previously 
mentioned in the series reported by Feliciano et al., 75 % of 
amputations of the lower extremity were related to a delay 
in performing, or performing an incomplete fasciotomy 
[ 41 ]. In a recent large review of combat patients, Ritenour 
et al. reported that patients who had incomplete or delayed 
fasciotomy had twice the rate of major amputation and three 
times the rate of mortality [ 53 ]. In spite of these alarming 
numbers, many otherwise well-trained surgeons continue to 
make these mistakes. The following section will focus on 
the recommended technique for performing fasciotomy of 
the lower extremity emphasizing the landmarks, relevant 
anatomy, and pitfalls.  

    Fasciotomy of the Lower Leg 

 As previously discussed, the lower leg (calf) is the most 
common site for CS requiring fasciotomy. The preferred 
technique for fasciotomy of the below the knee CS is the 

two-incision four-compartment fasciotomy. This technique 
was widely used in WWII and was the standard treatment for 
decompression in a syndrome involving more than one com-
partment [ 93 ]. An alternative single-incision approach in 
which the fi bula is resected has been championed by some 
[ 94 ], but has been condemned by others as being unnecessar-
ily mutilating, more likely to result in injury to the peroneal 
nerve, and likely to result in incomplete release of the com-
partments [ 3 ,  4 ]. Because it uses a lateral approach, the one- 
incision technique protects the great saphenous vein from 
injury during the fasciotomy. 

 In 2014, the standard approach to treating CS of the 
lower extremity in traumatically injured patients is the two- 
incision, four-compartment fasciotomy as popularized by 
Mubarak and Owen in 1977 [ 3 ]. As previously discussed, 
this procedure is not performed frequently by the majority 
of general or even vascular surgeons [ 45 ,  46 ], and the rate of 
delayed, incomplete, or improperly performed fasciotomy is 
alarmingly high with preventable morbidity and mortality as 
a result [ 53 ]. The most commonly missed compartments are 
the anterior followed closely by the deep posterior [ 53 ], and 
this likely occurs as a result of incomplete knowledge of the 
anatomy of the lower extremity. Successful fasciotomy of 
the lower extremity requires a thorough understanding of 
the anatomy and the relevant landmarks. The lower leg has 
four major tissue compartments bounded by investing the 
muscle fascia (Fig.  4.5 ). It is important to understand the ana-
tomical arrangement of these compartments as well as some 
key structures within each compartment in order to perform 
a proper four-compartment fasciotomy (Fig.  4.6 ).

    It is not necessary to remember the names of all the mus-
cles (Fig.  4.6 ) in each compartment, but it is useful to remem-
ber the following: the anterior compartment contains the 
anterior tibial artery and vein and the deep peroneal nerve; 

  Fig. 4.4    Intracompartmental 
pressure monitor system and 
catheter tip manufactured by 
Twin Star Medical (Twin Star 
ECS®), Minneapolis, MN       
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the lateral compartment, the superfi cial peroneal nerve 
(which must not be injured); the superfi cial posterior com-
partment, the soleus and gastrocnemius muscles; and the 
deep posterior compartment, the posterior tibial and peroneal 
vessels and the tibial nerve (Fig.  4.7 ).

   There are several key features that will enable perfor-
mance of a successful two-incision four-compartment fasci-
otomy. Proper placement of the incisions is essential. As 
extremities needing fasciotomy are often grossly swollen or 
deformed, marking the key landmarks will aid in placement 

of the incisions. The tibial spine serves as a reliable midpoint 
between the incisions. The lateral malleolus and fi bular head 
are used to identify the course of the fi bula on the lateral por-
tion of the leg (Fig.  4.8 ). The lateral incision is usually made 
just anterior (~1 fi ngerbreadth) to the line of the fi bula, or  a 
fi nger in front of the fi bula . It is important to stay anterior to 
the fi bula as this minimizes the chance of damaging the 
superfi cial peroneal nerve. The medial incision is made one 
thumb breadth below the palpable medial edge of the tibia, 
or  a thumb below the tibia  (Fig.  4.9 ). The extent of the skin 

  Fig. 4.5    Cross-sectional 
anatomy of the midportion of the 
left lower leg depicting the four 
compartments that must be 
released when performing a 
lower leg fasciotomy       

  Fig. 4.6    Cross-sectional anatomy of the midportion of the left lower leg depicting the contents of the four compartments and their relationship to 
the tibia and fi bula       
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incision should be approximately two fi ngerbreadths below 
the tibial tuberosity and above the malleolus on either side.

    It is very important to mark the incisions on both sides 
prior to opening them, as the landmarks of the swollen 
extremity will become distorted once the incision is made. 

    The Lateral Incision of the Lower Leg 

 The lateral incision (Fig.  4.8 ) is made  one fi nger in front of 
the fi bula  and should in general extend from two fi nger-
breadths below the head of the fi bula down to two fi nger-
breadths above the lateral malleolus. The exact length of the 
skin incision will depend on the clinical setting, and care 
must be taken to make sure that it is long enough such that 
the skin does not serve as a constricting band. The skin and 
subcutaneous tissue are incised to expose the fascia encasing 
the lateral and anterior compartments. Care should be taken 
to avoid the lesser saphenous vein and peroneal nerve when 
making these skin incisions. 

 Once the skin fl ap is raised, the intermuscular septum is 
sought and identifi ed. This is the structure which divides the 
anterior and lateral compartments. In the swollen or injured 
extremity, it may be diffi cult to fi nd the intermuscular sep-
tum. In these circumstances, the septum can often be found 
by following the perforating vessels down to it (Fig.  4.10 ). 
Classically the fascia of the lower leg is opened using an 
“H”-shaped incision (Fig.  4.11 ). This will be accomplished 
by making the crosspiece of the “H” using a scalpel which 

  Fig. 4.7    Cross-sectional anatomy of the midportion of the left lower leg depicting the key structures and relationships that must be kept in mind 
when performing a two-incision four-compartment fasciotomy       

  Fig. 4.8    The fi bular head and lateral malleolus are as used reference 
points to mark the edge of the fi bula, and the lateral incision ( dotted 
line ) is made one fi nger in front of the fi bula       

  Fig. 4.9    The    medial incision ( dotted line ) is made one thumb breadth 
below the palpable medial edge of the tibia ( solid line )       
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will expose both compartments and the septum. The legs of 
the “H” are made with curved scissors using just the tips 
which are turned away from the septum to avoid injury to 
the peroneal nerve (Figs.  4.11  and  4.12 ). It is important to 
identify the intermuscular septum and open the fascia at 
least one centimeter from it on either side, because the ter-
minal branch of the deep peroneal nerve perforates the 
 septum in the distal one third of the lower leg and this could 
be cut if care is not taken. The anterior and lateral compart-
ments are then fasciotomized 1 cm in front and behind the 
intermuscular septum.

     The fascia should be opened by pushing the partially 
opened scissor tips in both directions on either side of the 
septum opening the fascia from the head of the fi bula down 
to the lateral malleolus in a line that is 1–2 cm from the sep-
tum. Inspection of the septum and identifi cation of the deep 
peroneal nerve and/or the anterior tibial vessels confi rm 
entry into the anterior compartment. The skin incision should 

be closely inspected and extended as needed to ensure that 
the ends do not serve as a point of constriction. 

 As previously stated, the anterior compartment is the one 
most commonly missed during lower-extremity fasciotomy. 
One of the reasons for missing the anterior compartment 
stems from making the incision too far posteriorly, either 
directly over or behind the fi bula. When the incision is made 
in this manner, the septum between the lateral and the super-
fi cial compartment may be directly below the incision and is 
erroneously identifi ed as the septum between the anterior 
and lateral compartments (Fig.  4.13 ). When the lateral inci-
sion is made  one      fi nger in front of the fi bula , the intramuscu-
lar septum between the anterior and lateral compartments is 
found directly below the incision making successful decom-
pression likely (Fig.  4.14 ).

  Fig. 4.10    The intermuscular septum separates the anterior and lateral 
compartments and is where the perforating vessels traverse. This is a 
representation of the lateral incision of the right lower leg       

  Fig. 4.11    The fascia overlying the anterior and lateral compartments is 
opened in an “H”-shaped fashion       

  Fig. 4.12    The fascia overlying the anterior and lateral compartments is 
opened in an “H”-shaped fashion using scissors with the tips turned 
away from the septum       

  Fig. 4.13    When the lateral incision is made too far posterior, the sep-
tum between the lateral and superfi cial posterior compartments may be 
mistaken for that between the anterior and lateral leading to the anterior 
compartment not being opened       
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        The Medial Incision of the Lower Leg 

 The medial incision is made one thumb breadth below the 
pa lpable medial edge of the tibia (Fig.  4.9 ). When    making 
this incision, it is important to both identify and preserve the 
great saphenous vein and ligate any perforators to it, as these 
can bleed profusely. After dividing the skin and subcutaneous 
tissues, the fascia overlying the superfi cial posterior com-
partment which contains the soleus and gastrocnemius 
muscle is exposed. The fascia should be opened with par-
tially opened scissors from the tibial tuberosity to the medial 
malleolus to effectively decompress this compartment 
(Fig.  4.15 ). The key to entering the deep posterior compart-
ment is the soleus muscle. The soleus muscle attaches to the 
medial edge of the tibia, and dissecting these fi bers (the 
“soleus bridge”) completely free from and exposing the 
underside of the tibia ensures entry into the deep posterior 

compartment (Fig.  4.16 ). Identifi cation of the posterior tibial 
neurovascular bundle confi rms that the compartment has 
been entered.

    As previously discussed, the deep posterior compartment 
can also be missed, and thorough understanding of the anat-
omy is key to ensuring that this does not happen. One potential 
way to miss the deep posterior compartment is to get into the 
plane between the gastrocnemius and soleus muscle and 
believe that the compartment has been released (Fig.  4.17 ). 
Proper decompression of the deep posterior compartment 
requires that the soleus fi bers be separated from their attach-
ment on the underside of the tibia (Figs.  4.16  and  4.18 ).

  Fig. 4.14    When the lateral incision is made one fi ngerbreadth in front 
of the fi bula, the septum between the anterior and lateral compartments 
is more readily identifi ed allowing for adequate decompression of both 
the anterior and lateral compartments       

  Fig. 4.15    The fascia overlying the superfi cial posterior compartment is 
opened with partially closed scissors from the tibial tuberosity to the 
medial malleolus       

  Fig. 4.16    The deep posterior compartment is entered by taking the 
soleus fi bers down off the underside of the tibia       

  Fig. 4.17    A potential pitfall when doing the medial incision is to 
develop a plane between the gastrocnemius and soleus muscles and 
believing that this represents the plane between the superfi cial and deep 
posterior compartment       
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         Wound Care 

 The muscle in each compartment should be assessed for 
v iability. Viable muscle is pink, contracts when stimulated, 
and bleeds when cut. Dead muscle should be debrided back 
to healthy viable tissue when necessary. Generally in the 
trauma setting, fasciotomy wounds are not closed at the time 
of fasciotomy. These wounds are often large, and tissue 
swelling, skin retraction, or tissue loss make these wounds 
impossible to close at the initial setting, and closure would 
also defeat pressure decreases obtained by fasciotomy. 

 From the time of fasciotomy, wound management focuses 
on swelling control, allowing recovery of injured tissues and 
minimizing skin retraction, if possible. Patients are generally 
returned to the operating room every 24–72 h for dressing 
changes, reevaluation of muscle viability, and gradual closure 
of the wound. If the wounds cannot be primarily closed within 
7–10 days, split-thickness skin grafts (STSG) may be required 
when both the patient and the wound are stable. Several tech-
niques have been described to minimize skin retraction, pos-
sibly obviating the need for STSG [ 6 ,  95 – 100 ]. 

 The vessel-loop or shoelace technique is commonly per-
formed [ 96 ]. It involves using vessel loops interlaced over 
the wound through staples placed at the skin edges (Fig.  4.19 ). 
Although it uses equipment readily available, it suffers from 
several drawbacks. The thin vessel loops frequently do not 
have adequate tensile forces to allow minimal skin retraction 
in severe injuries because of the signifi cant soft tissue swell-
ing. It is common for such swelling to cause the vessel loops 

to break, eliminating any effect they may exert. Dressing 
changes are made more diffi cult and carry with them the 
potential of having the staples dislodged from the skin.

   Subatmospheric (negative pressure) wound dressings (e.g., 
wound V.A.C.™, Kinetic Concepts, Inc (KCI), San Antonio, 
TX) have been used successfully to provide fasciotomy and 
open-wound control. This technique seals the wound from the 
outside environment while allowing for removal of exudates. 
Studies have shown improved capillary circulation with the 
use of these devices [ 100 ,  101 ]. The downside of this tech-
nique is that it requires a machine to provide suction and may 
be diffi cult to apply around external fi xators. Janzing and 
Broos [ 98 ] reported on a comparison of three different tech-
niques for closure of civilian fasciotomy wounds in 15 sub-
jects. The mean time to wound closure for all groups was 
9 days. They found that skin traction with vessel loops or 
prepositioned intracutaneous sutures provided good skin 
apposition without the necessity of skin grafting. The major 
advantage was that the material required was readily available 
in most operating rooms. However, they pointed out the poten-
tial risk for high compartment pressures during a prolonged 
time in the postoperative period requiring close monitoring of 
limb perfusion. 

 Singh and colleagues [ 95 ] described their experience 
caring for war casualties in Iraq using a dynamic wound-
closure device (dynamic wound closure device – ABRA® 
Surgical Skin Closure, Canica, Almonte, ON, Canada) for 
closure of fasciotomy incisions. Eleven consecutive sub-
jects who had undergone two-incision fasciotomies for CS 
were studied. Ten of the 11 subjects (91 %) had their 
wounds closed in a delayed primary fashion after applica-
tion of the wound- closure device. They found that the subjects 

  Fig. 4.18    Entry into and release of the deep posterior compartment 
requires separating both the gastrocnemius and soleus from the under-
side of the tibia. Identifi cation of the neurovascular bundle confi rms 
that the deep posterior compartment has been entered       

  Fig. 4.19    The shoelace technique using vessel loops interlaced over 
the wound through staples placed at the skin edges is used to minimize 
skin retraction (Photo courtesy of Dr. John Kragh)       
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benefi ted from the use of the device and avoided the need to 
create additional wounds in multiple-injury patients. 
However, long- term follow-up of this small group was lim-
ited because of the rapid evacuation of soldiers to the 
United States and the expedient discharge from the hospital 
of host-nation soldiers.  

    Complications 

 In spite of numerous articles in the literature regarding fasci-
otomy, there is surprisingly little published about the compli-
cations of this procedure. Patients with open fasciotomy 
wounds are at risk for infection, and incomplete or delayed 
fasciotomies can lead to permanent nerve damage, loss of 
limb, multisystem organ failure, rhabdomyolysis, and death. 
If muscle injury is extensive, either from prolonged ischemia 
or from direct crush, signifi cant amounts of myoglobin may 
be released as the muscle is reperfused after fasciotomy. 
Early recognition and aggressive fasciotomy will help to 
minimize these adverse outcomes. Some surgeons have 
questioned the practice of performing delayed fasciotomies 
because of the increased morbidity in the face of little to no 
functional benefi t [ 101 ,  102 ]. Finkelstein and coauthors 
[ 102 ] reviewed the cases of fi ve subjects who underwent a 
delayed fasciotomy for extremity CS at least 35 h after the 
injury, when ideally the fasciotomy would have been per-
formed earlier. Of the fi ve subjects, one subject died of sep-
ticemia and multiorgan failure, and the remaining four 
required lower-extremity amputation. They concluded that 
fasciotomies were consistently associated with severe infec-
tion and possible death when the recognition of the CS was 
delayed for more than 8–10 h. 

 Williams and colleagues [ 103 ] demonstrated in a retro-
spective study of 88 subjects that fasciotomy performed 
after 12 h was associated with a fourfold increase in infec-
tion compared with those performed before 12 h. The rates 
of limb salvage and neurologic sequelae were similar. They 
advocated that fasciotomy performed early was most effec-
tive, but that the similar rates of limb salvage, even with the 
increased risk for infection, justify the aggressive use of 
fasciotomy in extremity trauma regardless of the time of 
diagnosis. 

 Rush and colleagues [ 104 ] reported on a retrospective 
series of 127 lower-extremity fasciotomies performed for CS 
after acute ischemia and revascularization in subjects with 
either vascular trauma or arterial occlusive disease. 
Superfi cial infections occurred in fi ve subjects and all 
resolved with local wound care. In their series, no limb loss 
was attributed to primary open fasciotomy. They concluded 

that the morbidity and mortality of fasciotomy were the 
result of refractory ischemia caused by associated injuries or 
underlying medical problems, but not from open fasciotomy 
wound complications. 

 In a retrospective study of 36 patients undergoing lower- 
extremity fasciotomy [ 59 ], complications were common 
(only seven were done as two-incision four-compartment 
fasciotomy, and the range of time from diagnosis to interven-
tion was up to 9 days). Nerve damage occurred in 6 cases 
(15 %); bleeding was seen in 13 cases (35 %). Wound infec-
tion occurred in 10 cases (25 %). Functional outcome after 
fasciotomy was not always good. In this series, 18 legs 
(45 %) healed with good functional result, but in 11 cases 
(27.5 %) the fi nal outcome was  more or less a disabled leg. 
In 5 cases, the fasciotomy could not prevent amputation of 
the affected limb, and 6 patients died during the course of 
their hospitalization. None of the patients who underwent 
double-sided fasciotomy died, nor did they undergo amputa-
tion [ 59 ]. The cause of the CS appeared to be an important 
predictive factor for outcome. Posttraumatic CSs had a better 
outcome after fasciotomy than vascular injuries. At the time 
of discharge in this study, 45 % of patients had good limb 
function, 27.5 % had kept their leg with diminished function, 
12.5 % underwent amputation, and 15 % died. These results 
are comparable with reported earlier studies by Rush et al. 
[ 104 ] and Jensen [ 105 ] showing 11–15 % mortality and 
11–21 % amputation. 

 Fitzgerald and colleagues [ 106 ] found in a study of 60 
requiring open fasciotomy of a traumatized limb a marked 
morbidity in terms of continued pain, altered sensation, and 
poor cosmetic result as perceived by the patients as well as 
ongoing wound morbidity. The majority of patients (95 %) 
in this study suffered continued altered sensation within the 
affected limb postoperatively. However, this altered sensa-
tion was restricted to within the limits of the fasciotomy 
wound in 77 % of patients. Furthermore, altered sensation 
was more marked in those whose wounds were split skin 
grafted rather than those where the wound was directly 
closed. Continuing pain existed in 55 % of patients in the 
affected limbs. However, only 10 % of patients had pain 
that could be solely attributed to their fasciotomy wounds. 
Much of the perceived pain was attributable to stiff joints 
on either side of either the underlying fracture or the fasci-
otomy wound that were relatively immobile for long peri-
ods of time. No patient in this study developed subsequent 
contracture or required amputation. The fasciotomy wounds 
were a considerable source of continuing morbidity in that 
eczematous changes (40 %), pruritus (33 %), discoloration 
(30 %), and recurrent ulceration (13 %) were all found to be 
present [ 106 ].  
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    Fasciotomy of Other Compartments 

 As previously discussed in both civilian and combat trauma 
[ 35 ,  53 ], the lower leg is by far and away the most likely 
location of CS requiring fasciotomy (68.5 and 51 %, respec-
tively), followed by the forearm (14 and 22 %) and the thigh 
(~8.5 %). A detailed description of CS and the technique for 
fasciotomy of the forearm and thigh is beyond the scope of 
this chapter, but the highlights will be briefl y covered. 

    Compartment Syndrome and Fasciotomy 
of the Forearm and Hand 

 Compartment syndrome of the forearm may be associated 
with fractures, crush or blast injury, burns, or vascular injury 
[ 107 – 110 ]. CS of the hand can occur from trauma but is 
more commonly associated with infi ltration of intravenous 
fl uids. As there are no sensory nerves in the hand compart-
ments, physical fi ndings do not include sensory abnormali-
ties, and the pressure threshold is much less than in the legs 
(15–20 mmHg is indication for release). The classic fasciot-
omy of the forearm is performed though a curvilinear inci-
sion on the volar surface (to release the anterior or volar and 
the lateral compartments) which is extended to the hand to 
release the carpal tunnel (Fig.  4.20 ). The dorsal or posterior 
compartment of the forearm is released through a linear dor-
sal incision, with two additional incisions on the dorsum of 
the hand to release the hand (Fig.  4.20 ).

       Compartment Syndrome and Fasciotomy 
of the Thigh 

 Compartment syndrome is uncommon in the thigh because 
of the large volume that the thigh requires to cause an 
increase in interstitial pressure. In addition the compartments 
of the thigh blend anatomically with the hip allowing for 
extravasation of blood or fl uid outside the compartment. 
Risk factors for thigh CS include: severe femoral fractures, 
severe blunt trauma/crush or blast injury to thigh, vascular 
injury, iliofemoral deep venous thrombosis, and the use of 
military antishock trousers or other external compression of 
the thigh [ 111 – 113 ]. The thigh contains three compartments – 
anterior, posterior, and medial. If CS of the thigh exists, a 
lateral incision with decompression of both the anterior and 
posterior compartments is often all that is needed, though on 
occasion with a severely swollen extremity a medial incision 
will be needed as well. 

 Compartment syndromes of the hand and foot are much 
less frequently encountered, and optimal outcomes are 
achieved with appropriate subspecialty input.   

    Summary 

 Compartment syndrome must be suspected in all polytrauma 
patients with extremity injury. It is essential that surgeons 
caring for these patients have an intimate knowledge of the 
pathophysiology, etiology, diagnostic evaluation, relevant 
anatomy, and the techniques for performing a proper fasci-
otomy. A high index of suspicion must be maintained (espe-
cially in patients with altered levels of consciousness), and 
early and aggressive fasciotomy will minimize the morbidity 
and mortality associated with failure to adequately treat 
compartment syndromes.      
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           Introduction 

 Diabetes mellitus represents a major risk factor for the 
development of foot infections. In patients with diabetes, foot 
infections rank among the most common infectious compli-
cations requiring hospitalization and are a frequent cause of 
lower extremity amputation [ 1 ]. A study of 1,666 diabetic 
patients reported a 50-fold increase in the risk of hospitaliza-
tion and a 150-fold increase in the risk of amputation in 
patients who developed foot infections [ 2 ]. Diabetic foot 
infections are soft-tissue infections with approximately one 
fi fth involving osteomyelitis proven by bone culture. Infected 
diabetic foot wounds precede two-thirds of lower extremity 
amputations, and diabetics have at least a tenfold greater risk 
of being hospitalized for soft-tissue and bone infections of 
the foot compared to individuals without diabetes.  

    Risk Factors 

 Neuropathy, ischemia, and an abnormal immune response 
form a triad of underlying risk factors that contribute to dia-
betic foot infections. Diabetic neuropathy encompassing 
sensory, motor, and autonomic nerves causes a series of 
structural changes that predispose the diabetic foot to ulcer-
ation and infection [ 3 ]. Sensory neuropathy blunts the 
response of small pain and temperature fi bers allowing minor 
injuries to go unnoticed. In the desensitized diabetic foot, a 
small traumatic injury or pressure point can progress to a 
deep ulcer without warning symptoms. Motor neuropathy 

alters the tone of leg and intrinsic foot muscles which leads 
to progressive changes in the architecture of the foot and the 
emergence of new pressure points [ 4 ]. Autonomic neuropa-
thy decreases sweat and oil gland production creating dry, 
brittle skin which is susceptible to ulceration and bacterial 
invasion. 

 Ischemia, the second part of the risk factor triad, compro-
mises healing by restricting the supply of oxygen, immune 
cells, and antibiotics to the site of injury or infection. In the 
past, diabetic foot ischemia was erroneously ascribed to 
occlusion of the arterioles, and the notion of “small vessel 
disease” discouraged attempts at revascularization in favor 
of primary amputation. More recent evidence shows that 
macrovascular, not microvascular, occlusive disease causes 
ischemia in diabetic patients. The most common disease pat-
tern in diabetes involves occlusive lesions of the tibial and 
peroneal arteries with relative sparing of the pedal arteries 
and arterioles which remain patent. Successful surgical 
bypasses using distal tibial and pedal artery targets prove that 
limb loss is not a foregone conclusion in diabetic patients 
with ischemia. Although microcirculatory dysfunction is 
present in the diabetic foot, it impairs healing via mecha-
nisms other than occlusive disease. Neuropathy decreases 
the microcirculation by shunting blood away from the tissues 
through arteriovenous connections, while basement mem-
brane thickening in the arterioles and capillaries impedes 
leukocyte migration. 

 Immune dysfunction increases the risk of diabetic foot 
infections especially in patients with high serum glucose con-
centrations. Hyperglycemia negatively affects nearly every 
component of the immune system and wound healing. Poor 
adherence and impaired chemotaxis decrease the number of 
neutrophils and macrophages migrating to the site of infec-
tion [ 5 ]. Immune cells that do migrate suffer from interrup-
tions in intracellular signaling necessary for bactericidal and 
phagocytic activity. When serum glucose exceeds 200 mg/dl, 
glycosylation increases collagenase activity which impairs 
wound healing by reducing the collagen content at the site of 
tissue injury. Tight blood glucose control reduces morbidity 
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and mortality and plays an important role in the management 
of diabetic foot infections [ 6 ]. 

 The overall pathophysiology of the diabetic foot involves 
neuropathy, ischemia, and immune dysfunction which con-
spire to dismantle several lines of defense against infection. 
Diabetic patients often fail to mount a normal hyperemic and 
vasodilatory response to an injury or ulcer, and this blunted 
neuroinfl ammatory reaction allows infections to go unde-
tected. Unrecognized and untreated diabetic foot infections 
progressively spread to deeper layers ultimately resulting in 
limb-threatening abscesses or contiguous osteomyelitis.  

    Physical Exam 

 An accurate physical exam requires knowledge of the unique 
manifestations of neuropathy, ischemia, and infection that 
occur in the diabetic foot. Progressive denervation from neu-
ropathy alters the physical appearance and musculoskeletal 
architecture of the foot. Wasting of the intrinsic foot muscles 
allows the fl exor muscles to draw up the toes into a clawed 
position creating pressure points on the tips of the toes and 
over the plantar aspect of the metatarsal heads. Charcot foot 
represents an advanced form of degenerative arthropathy 
characterized by complete loss of the foot architecture 
including arch collapse and rocker bottom deformity 
(Fig.  5.1 ). Autonomic neuropathy creates dry, brittle skin due 
to the loss of sweating and oil secretion, while thick calluses 
prone to ulceration accumulate over pressure points and 
weight-bearing areas. Although a pale, cool foot suggests 
underlying ischemia, warmth and hyperemia do not always 
indicate adequate arterial perfusion. A warm, pink foot may 
result from inappropriate arteriovenous shunting due to neu-
ropathy or an acute fracture in a patient with Charcot foot. 
Likewise, physical signs can be misleading in a diabetic foot 
infection. Localized infl ammatory signs of infection including 

erythema, rubor, cellulitis, and tenderness may be subtle or 
completely absent. A thorough search for infection must 
include careful palpation of the foot for areas of tenderness 
or fl uctulance overlying an undrained abscess. Superfi cial 
eschars should be unroofed, and all ulcers should be inspected 
to search for deep space infections. Systemic signs of infec-
tion such as fever, tachycardia, and leukocytosis are not reli-
able in diabetic patients. Unexplained hyperglycemia may be 
the only indication of an advanced, underlying infection.

       Classifi cation 

 The International Working Group on the Diabetic Foot 
(IWGDF) and the Infectious Disease Society of America 
(IDSA) outlined clinical criteria for diagnosing and classify-
ing the severity of diabetic foot infections [ 7 ,  8 ]. This clas-
sifi cation can serve as a guide for the type treatment, duration 
of therapy, and outcome predictions. Grade 1 wounds lack 
purulence or any manifestation of infl ammation and are con-
sidered uninfected. Grade 2 indicates the presence of two or 
more manifestations of infl ammation such as purulence, ery-
thema, pain, warmth, or induration. At this severity level cel-
lulitis does not extend beyond 2 cm around any ulcer site, 
infl ammation is limited to skin or superfi cial subcutaneous 
tissues, and there is no associated systemic illness. Grade 3 
infections occur in systemically and metabolically stable 
patients who have cellulitis that extends more than 2 cm 
around any ulcer site, lymphangitic streaking, or infection 
that spreads below the superfi cial fascia. Other features of a 
Grade 3 infection include deep-tissue abscesses, gangrene, 
or involvement of the muscle, tendon, joint, or bone. Finally, 
severe or Grade 4 infections are those accompanied by sys-
temic toxicity or metabolic instability such as fever, hypo-
tension, tachycardia, confusion, leukocytosis, acidosis, 
hyperglycemia, and azotemia. 

  Fig. 5.1    ( a ) Charcot foot demonstrating characteristic loss of the plantar arch with a “rocker bottom” deformity. ( b ) Radiographic image of 
Charcot foot demonstrating bone destruction and loss of the normal architecture of the foot       
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 A prospective study validated this classifi cation system 
by following 199 infections: 48 % classifi ed as mild, 34 % 
moderate, and 18 % severe [ 9 ]. The study reported a statisti-
cally signifi cant correlation between the defi ned severity of 
infection and the risk of amputation, anatomic level of ampu-
tation, and need for hospitalization. Patients with mild 
 infections are unlikely to develop osteomyelitis and do not 
require hospitalization or amputations, whereas those with 
more severe disease warrant aggressive medical and surgical 
care. The accuracy of clinical assessment decreases in 
patients with neuropathy, ischemia, and immune dysfunc-
tion. This triad of complications can diminish the neuroin-
fl ammatory response to infection in patients with diabetes 
masking the classic physical fi ndings of infl ammation and 
infection.  

    Diagnosis of Diabetic Foot Infection 

 Several factors infl uence the microbiology of diabetic foot 
infections including the prior use of antibiotics and whether 
the infection is acute versus chronic and superfi cial versus 
deep [ 3 ]. Drawing a line between infection and bacterial 
colonization helps defi ne the potentially complex and poly-
microbial microbiology. The mere presence of organisms in 
a wound does not translate into a clinical infection as all 
chronic wounds and ulcers open to skin commensals become 
colonized with multitudes of bacteria. Infection develops as 
bacteria multiply within the wound, overwhelming host 
defenses as a result of critical numbers, microbial enzymes, 
or impaired host immunity. Although a colony count of 10 5  
bacteria per gram of tissue often defi nes infection, this num-
ber may vary depending on the organism [ 10 ]. Virulent bac-
teria such as beta-hemolytic streptococci have enzymes that 
promote tissue invasion leading to rapidly progressive infec-
tions despite quantitatively low bacterial burdens. This clini-
cal scenario demonstrates that infection depends on the type 
of organism and its characteristics in addition to the absolute 
number of bacteria present. 

 The technique used to collect wound cultures plays an 
important role in defi ning the microbial etiology of a diabetic 
foot infection. Culturing the surface of a purulent ulcer 
should be avoided since it will refl ect wound colonization 
and fail to isolate the causative bacteria. Recommended 
modalities for obtaining cultures include: scraping or curet-
ting the wound base after debridement, aspirating an abscess, 
or tissue biopsy. A properly obtained wound culture speci-
men ensures appropriate antibiotic coverage for the organ-
isms involved based on their susceptibility. 

 The diagnosis of diabetic wound infections cannot rely 
on wound culture results alone; it also requires clinical fi nd-
ings consistent with infection. Sotto et al. examined the 
importance of pathogens versus colonizers in patients with 

foot ulcers not on prior antibiotics who were growing 
 Staphylococcus aureus  as the sole organism from wound 
cultures [ 11 ]. Using the IDSA classifi cation system and oli-
gonucleotide arrays to detect genes encoding various viru-
lence factors and antibiotic resistance profi les, they found 
that both resistance and virulence factors were more likely 
to be present in infected versus colonized wounds. Virulence 
factors were present in only 9 % of Grade 1 (uninfected) 
patients versus 98 % of those with infected ulcers. Jeandrot 
examined infl ammatory markers, serum procalcitonin, and 
C-reactive protein as a means of distinguishing mildly 
infected from noninfected diabetic foot ulcers [ 12 ]. 
C-reactive protein had the highest sensitivity and specifi city 
for distinguishing Grade 2 (mild) from Grade 1 (uninfected) 
ulcers. Combining C-reactive protein and procalcitonin lev-
els increased the accuracy of predicting infection. 

 Although it can be challenging, diagnosing osteomyelitis 
is essential to ensure appropriate treatment. The presence or 
absence of osteomyelitis often determines the duration of 
antibiotic therapy and the need for surgical debridement. 
A bone biopsy provides the most reliable test for osteomyeli-
tis. The diagnosis of osteomyelitis can be made by isolating 
bacteria from an aseptically obtained bone sample which has 
histologic features of infection (infl ammatory cells, necro-
sis). Stopping antibiotics 2 weeks in advance of the biopsy 
can decrease the probability of a false-negative result. A CT 
or fl uoroscopically guided percutaneous bone biopsy has 
proven to be a safe and accurate alternative to a surgical 
biopsy. The presence of ischemia increases the risk of non-
healing making an invasive procedure such as a bone biopsy 
less appealing. If a bone biopsy is not available or contrain-
dicated by ischemia, the diagnosis of osteomyelitis depends 
on surrogate markers including clinical, laboratory, and 
imaging fi ndings. 

 Nonhealing ulcers over bony prominences should raise 
the suspicion of underlying osteomyelitis. Other clinical 
fi ndings associated with osteomyelitis include exposed bone 
and large ulcers. In the appropriate clinical setting, probing 
to bone can help make the diagnosis at the bedside. The tech-
nique involves gently inserting a sterile, blunt metal probe 
through the ulcer. Striking bone increases the likelihood of 
osteomyelitis if the prevalence of bone infection is high 
(>60 %). If the prevalence of bone infection is low (<20 %), 
failure to probe to bone can eliminate the diagnosis of 
osteomyelitis. 

 Osteomyelitis usually causes the erythrocyte sedimenta-
tion rate (ESR) to rise. An ESR greater than 70 increases the 
likelihood of osteomyelitis, while a low ESR can help rule 
out the diagnosis. Other laboratory values such as C-reactive 
protein, procalcitonin, and blood leukocyte count have less 
accumulated evidence linking them to osteomyelitis. 

 Radiologic evaluation for osteomyelitis usually begins 
with plain fi lms of the foot in two or three views. Table  5.1  
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lists X-ray fi ndings consistent with osteomyelitis. The sensi-
tivity of plain X-rays ranges from 28 to 75 % and seems to 
depend on the timing of the imaging. Long-standing cases 
are more likely to show radiographic signs of osteomyelitis 
compared to cases that have only been present for 1 or 
2 weeks. Overall the presence or absence of plain X-ray fi nd-
ings can neither confi rm nor eliminate the diagnosis of osteo-
myelitis. Plain X-rays may be more predictive when they 
document sequential changes over time (greater than 2-week 
interval between fi lms).

   Magnetic resonance imaging relies on the presence of 
marrow edema to provide a faster and potentially more accu-
rate diagnosis of osteomyelitis. Unfortunately, marrow 
edema is not specifi c to infection and may be seen with other 
conditions including gout and neuropathic osteoarthropathy 
such as Charcot foot which can complicate diabetes mellitus. 
Distinguishing Charcot arthropathy from infection can be 
diffi cult, and this may explain why some MRI studies have 
reported a specifi city of only 60 % [ 13 ]. 

 Nuclear medicine offers a variety of techniques for detect-
ing osteomyelitis. Technetium radionuclide bone scans sug-
gest osteomyelitis when increased blood pool activity and 
radionuclide intensity localizes to the bone. Although these 
exams are sensitive, the incidence of false-positive bone 
scans exceeds 50 % in many studies [ 14 ]. Combining techne-
tium scans with indium 111  white blood cell scans may 
improve diagnostic accuracy [ 15 ]. Recent reports using 
 18 F-fl uorodeoxyglucose positron emission tomography as a 
means of differentiating soft-tissue infections from osteomy-
elitis have been promising, but larger studies are needed to 
evaluate this approach [ 16 ].  

    Microbiology of Diabetic Foot Infections 

 Aerobic gram-positive cocci colonize the skin and frequently 
cause acute infections. In acutely infected patients, com-
monly isolated pathogens include  Staphylococcus aureus  
and beta-hemolytic streptococci (groups A, B, C, and G) [ 17 ]. 

In contrast, chronic wounds tend to be polymicrobial with 
a mixture of aerobic and anaerobic bacteria [ 17 ,  18 ]. The 
recovery of anaerobes requires appropriate methods of 
sampling, transportation, and processing of the tissue. 
Aerobic organisms frequently include gram-positive cocci, 
namely, staphylococci, streptococci, and enterococci. 
A wide variety of aerobic gram-negative bacilli can also be 
isolated from chronic diabetic foot infections including 
 Enterobacteriaceae (Escherichia coli) ,  Proteus ,  Klebsiella , 
and  Pseudomonas. Pseudomonas aeruginosa  is especially 
prominent in ulcers that are macerated, and anaerobic 
organisms ( Peptococcus ,  Peptostreptococcus ,  Clostridia , 
 Fusobacterium ,  Bacteroides ) are often found in the setting 
of ischemia and gangrene [ 19 ]. 

 Hospitalization and prolonged antibiotic therapy can alter 
the sensitivity profi le of organisms. Antibiotic naïve patients 
tend to have wounds with predominantly gram-positive 
organisms, whereas patients previously treated with antibiot-
ics have wounds harboring gram negatives with increased 
antibiotic resistance requiring broader and longer courses of 
therapy. Richards et al. studied 188 patients with diabetic 
foot infections and identifi ed 45 individuals with multidrug- 
resistant organisms [ 20 ]. The risk factors for developing 
multidrug resistance were deep and recurrent ulcers, prior 
hospitalization, elevated hemoglobin A1C levels, and prolif-
erative retinopathy. After multivariate analysis, only prior 
hospitalization and proliferative retinopathy remained as sig-
nifi cant risk factors for multidrug-resistant organisms. 
Interestingly, the presence of multidrug-resistant organisms 
did not affect the time to wound healing. 

 Osteomyelitis in patients with diabetes usually results 
from the spread of a contiguous soft-tissue infection. As 
such, osteomyelitis and diabetic foot infections share a simi-
lar microbiologic spectrum.  Staphylococcus aureus  is the 
predominant organism with  Enterobacteriaceae  being more 
common than  Pseudomonas  species [ 21 ]. In addition to 
these traditional pathogens, impaired host defenses and 
necrotic soft tissue and bone may allow low virulence, colo-
nizing organisms such as coagulase-negative staphylococci 
or  Corynebacterium  species to become pathogens [ 6 ].  

    Treatment of Diabetic Foot Infections 

 The treatment of diabetic infections depends on the severity 
and extent of infection. The current recommendations for 
treatment of diabetic foot infections are based on expert 
opinion and consensus rather than well-controlled clinical 
trials. Nevertheless, it is clear that comprehensive manage-
ment of diabetic foot infections requires a multidisciplinary 
team approach. Ideally the team managing these complex 
infections should include surgeons, podiatrists, infectious 
disease specialists, endocrinologists, and radiologists. 

   Table 5.1    Plain X-ray fi ndings suggesting osteomyelitis   

 Periosteal reaction or elevation 
 Loss of cortex with bony erosion 
 Focal loss of trabecular pattern or marrow radiolucency 
 New bone formation 
 Bone sclerosis with or without erosion 
 Sequestrum: devitalized bone with radiodense appearance that has 
become separated from normal bone 
 Involucrum: a layer of new bone growth outside existing bone 
resulting from the stripping off of the periosteum and new bone 
growing from the periosteum 
 Cloacae: opening in involucrum or cortex through which sequestra 
or granulation tissue may be discharged 
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 The absence of well-controlled clinical trials and other 
factors have made it diffi cult to provide clear-cut recom-
mendations regarding antimicrobial therapy. There is a lack 
of standardized defi nitions for infection, improvement, and 
cure especially when surgical intervention is included in 
the protocol. The heterogeneity of the patient population 
has made study design challenging. Patients vary widely 
with respect to arterial supply, duration of infection, and 
preexisting comorbidities. Crouzet et al. reviewed antibi-
otic regimens for diabetic foot infections to assess the qual-
ity of randomized trials conducted between 1999 and 2009. 
They found great heterogeneity with respect to study design, 
selection criteria, duration of therapy, and microbiological 
end points and concluded that further studies were needed 
to develop standardized outcome defi nitions and guidelines 
for therapy. 

 Since there are no standardized recommendations, treat-
ment decisions for diabetic foot infection must rely on knowl-
edge of the likely pathogens and the spectrum of antibiotics 
that can reliably provide coverage. Noninfected ulcerations of 
a diabetic foot do not require antibiotic treatment. An ulcer 
with a clean base and healthy granulation tissue that does not 
probe to bone, and has no evidence of erythema, edema, or 
other signs of infl ammation, does not warrant antibiotic ther-
apy. Chantelau et al. studied the effect of oral antibiotics on 
neuropathic diabetic foot ulcers and found no added benefi t 
from antibiotic treatment as a supplement to standardized 
therapy of pressure relief and wound care [ 22 ]. 

 Mild infections (IDSA classifi cation Grade 2) are usually 
caused by aerobic gram-positive cocci, predominantly 
 Staphylococcus aureus , and Group B streptococci [ 23 ]. 
Anaerobic organisms are rarely isolated in these patients. 
Therefore, mild skin and soft-tissue infections can be treated 
similarly to those in the nondiabetic patient population using 
antibiotics with activity against gram-positive organisms. 
Moderate to severe infections (IDSA classifi cation Grade 3 
and 4) are likely to be polymicrobial with a mixture of aero-
bic gram-positive cocci, aerobic gram-negative rods, and 
anaerobes. In this setting, antibiotics with a broader spectrum 
of antimicrobial activity are warranted. In one of the largest 
studies of moderate and severe diabetic foot infections, 
Lipsky and coworkers conducted a randomized, double- 
blinded, multicenter trial comparing ertapenem to piperacil-
lin/tazobactam [ 24 ]. The clinical success rates for ertapanem 
and piperacillin/tazobactam were similar (94 % vs. 92 %). 
Interestingly, although ertapenem does not provide coverage 
for  Pseudomonas  or enterococci, the clinical response for 
patients from whom these organisms were isolated was simi-
lar. This result suggests that either these bacteria are not par-
ticularly pathogenic in this clinical situation or that their role 
in polymicrobial infections may be dependent upon the 
microbial milieu. These fi ndings support the theory that pro-
viding coverage for most, if not all of the bacteria present, 

when combined with appropriate surgical intervention, may 
be adequate treatment for moderate to severe diabetic foot 
infections. 

    Antibiotic Options for Gram-Positive Coverage 

 Although enterococci and streptococci may be isolated from 
a diabetic foot infection, it is important to provide coverage 
for  Staphylococcus aureus  unless the absence of this 
organism can be confi rmed. Semisynthetic penicillins such 
as nafcillin or oxacillin are excellent drugs for the treatment 
of methicillin-sensitive  Staphylococcus aureus  (MSSA). 
Although cefazolin can also be used, it may suffer from an 
inoculum effect that results in clinical failure despite apparent 
in vitro susceptibility. Vancomycin has emerged as the main-
stay for empiric antimicrobial coverage in this setting because 
of the prevalence of methicillin-resistant  Staphylococcus 
aureus  (MRSA). Vancomycin also has activity against strep-
tococci and most isolates of  Enterococcus faecalis . Monitoring 
the serum concentration of vancomycin ensures that the level 
of drug falls within an optimal therapeutic window and 
provides a means for adjusting the dose in patients with renal 
insuffi ciency. 

 Linezolid is an oxazolidinone with activity against gram- 
positive organisms such as staphylococci (including both 
MSSA and MRSA isolates), streptococci, and enterococci 
including vancomycin-resistant isolates (VRE). Linezolid 
has 100 % bioavailability after oral administration. The drug 
has FDA indications for complicated skin and soft-tissue 
infections, including diabetic foot infections. Itani compared 
outcomes of patients with skin and soft-tissue infections 
receiving vancomycin versus linezolid [ 25 ]. Linezolid was 
associated with a shorter length of stay and duration of anti-
biotics. Another study compared oral linezolid to vancomy-
cin on patients requiring surgical intervention for complicated 
skin infections due to MRSA [ 26 ]. Linezolid achieved a 
higher clinical cure rate compared to vancomycin which was 
associated with more treatment failures and amputations. 
Although linezolid does not have an FDA indication for 
osteomyelitis, it does penetrate the bone. 

 Daptomycin is a lipopeptide with bactericidal activity 
against gram-positive organisms including MRSA, MSSA, 
streptococci, enterococci, and VRE. Administered daily, the 
drug requires weight-based dosing and only comes in a par-
enteral formulation. Using a rat model of chronic osteomy-
elitis, Rouse found that parenteral daptomycin or vancomycin 
signifi cantly decreased the number of bacteria in the bone 
surrounding the infection site [ 27 ]. Another study used 
microdialysis to investigate the ability of daptomycin to 
penetrate the soft tissue and bone in diabetic patients with 
foot infections [ 28 ]. They found that multiple administra-
tions of daptomycin achieved a suffi cient free concentration 
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in adipose tissue and bone to eradicate gram-positive organisms 
in diabetic foot infections including those complicated by 
osteomyelitis.  

    Antibiotic Options for Polymicrobial Coverage 

 Tigecycline is a glycylcycline with a broad spectrum of anti-
microbial activity covering gram-positive organisms such as 
staphylococci (including MRSA), streptococci, and entero-
cocci (including VRE) that is used for the treatment of skin 
and soft-tissue infections as well as intra-abdominal infec-
tions. Tigecycline also covers a range of gram-negative 
organisms; however, it is not active against  Pseudomonas 
aeruginosa  or anaerobic microorganisms including 
 Bacteroides fragilis . Based on its wide spectrum of activity, 
tigecycline has a potentially useful role in treating diabetic 
foot infections that warrant polymicrobial coverage. 
Tigecycline signifi cantly reduced bacterial growth in a rat 
model of osteomyelitis in which bone infection was induced 
with intramedullary injections of MRSA [ 29 ]. 

 Carbapenem antibiotics such as meropenem, imipenem, 
and doripenem have very broad-spectrum antimicrobial 
activity and can be used as single-agent therapy in the treat-
ment of diabetic foot infections. These drugs have broad- 
spectrum activity against gram-positive, gram-negative, and 
anaerobic organisms; however, they do not have activity 
against MRSA. Ertapenem has a pharmacokinetic advantage 
over other carbapenems allowing once daily dosing; how-
ever, it has a narrower spectrum of activity than other mem-
bers of the carbapenem group and does not have activity 
against  Pseudomonas aeruginosa . The results of the 
SIDESTEP trial comparing piperacillin/tazobactam to 
ertapenem were already discussed above [ 24 ]. A recent case 
series studied outcomes in the empiric use of ertapenem in 
12 cases of osteomyelitis treated for an average of 6 weeks 
with ertapenem [ 30 ]. The investigators reported resolution of 
clinical signs and symptoms in 50 % of the cases, a success 
rate similar to that found in retrospective studies of conserva-
tively treated osteomyelitis. In another study, Boselli mea-
sured the bone and synovial tissue concentration following a 
1 g infusion of ertapenem in 18 patients who were undergo-
ing total hip replacement [ 31 ]. They found that the concen-
trations achieved in cancellous and cortical bone and synovial 
tissue exceeded the ertapenem MIC 90  for at least 24 h for 
most aerobic organisms and 12–24 h for anaerobes. 

 Levofl oxacin, ciprofl oxacin, and ofl oxacin are quinolone 
antibiotics that have broad-spectrum activity against gram- 
negative aerobic organisms. Their activity against gram- 
positive organisms is sporadic, and resistance for both MSSA 
and MRSA has been increasing. Newer-generation quino-
lones such as moxifl oxacin have the added advantage of 
improved activity against gram-positive and anaerobic 
pathogens. Moxifl oxacin has very high bioavailability after 

oral administration and does not require adjustment for 
patients with renal impairment. Several studies examined the 
use of quinolones in bone and joint infections including a 
recent review which confi rmed the therapeutic effi cacy of 
quinolones in the treatment of osteomyelitis [ 32 ]. 

 There are numerous beta-lactam antibiotic options that 
can be used in the setting of diabetic foot infections, and a 
discussion of all possible options is beyond the scope of this 
review. Beta-lactam/beta-lactamase inhibitors such as piper-
acillin/tazobactam or ticarcillin-clavulanate offer activity 
against a broad range of organisms including gram-positive 
organisms (except MRSA and VRE) and gram-negative 
 bacteria including  Pseudomonas  species and anaerobes. 

 Other antibiotics such as those in the cephalosporin class 
(e.g., cefepime or ceftazidime) do not provide adequate 
anaerobic coverage, but can be combined with other agents 
such as clindamycin or metronidazole which have excellent 
activity against anaerobic pathogens. Ceftobiprole, a fi fth- 
generation extended-spectrum cephalosporin, is the fi rst 
cephalosporin with activity against MRSA. It covers other 
aerobic gram-positive cocci except VRE, and its gram- 
negative coverage is similar to that of third-generation cepha-
losporins. Like other cephalosporins, ceftobiprole cannot be 
used against beta-lactamase-producing  Enterobacteriaceae . 
Ceftobiprole exhibits activity against anaerobic gram-posi-
tive organisms and selective gram- negative anaerobes but 
does not cover  Bacteroides fragilis . Noel et al. found that cef-
tobiprole was not inferior to vancomycin in a randomized, 
double-blind trial of ceftobiprole versus vancomycin for the 
treatment of complicated skin and skin structure infections 
caused by gram-positive bacteria [ 33 ].  

    Parenteral Versus Oral Antibiotic Therapy 

 Most mild and many moderate diabetic infections can be 
treated with oral regimens such as trimethoprim- 
sulfamethoxazole, clindamycin, or quinolones. In the case 
of moderate to severe infections, most clinicians favor par-
enteral therapy initially; however, the necessity of using 
parenteral therapy in all patients, even in those with more 
severe infections, may not be warranted. Linezolid, 
trimethoprim- sulfamethoxazole, and quinolones achieve 
comparable serum concentrations when given orally or par-
enterally. Although there is little well-controlled compara-
tive data, it is likely that some patients can be successfully 
treated with oral instead of intravenous antibiotic therapy.  

    Duration of Antibiotic Therapy 

 The optimal duration of therapy for diabetic foot infections 
remains unclear and depends on several variables. The IDSA 
guidelines base the duration of therapy on the extent tissue 
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necrosis and whether the necrotic tissue has been surgically 
debrided. The guidelines recommend a short course of ther-
apy (1–2 weeks) for mild infections and 2–4 weeks for mod-
erate to severe infections. The duration of therapy for 
osteomyelitis varies according to the viability of the bone. 
Viable bone with osteomyelitis requires 4–6 weeks of ther-
apy, while necrotic bone should receive 3 or more months of 
therapy. Clearing infection from necrotic bone may be diffi -
cult regardless of antibiotic duration, and surgical debride-
ment of all necrotic material with viable tissue/bone at the 
margin often provides the best opportunity for cure. After 
debridement, if histologic examination of tissue or bone at 
the proximal margin reveals no evidence of infection or 
infl ammation, a short course of postoperative antibiotics is 
all that is necessary. 

 The use of infl ammatory markers can help defi ne the 
length of antibiotic therapy. Patients with persistent elevation 
of C-reactive protein or sedimentation rate are at increased 
risk for recurrence of infection. On the other hand, prompt 
normalization of these markers is encouraging and supports 
a shorter course of therapy.   

    Surgical Therapy 

 Surgery and antibiotic therapy serve as complementary treat-
ment modalities in the management of moderate and severe 
diabetic foot infections. An infection that penetrates the 
superfi cial fascia of the foot mandates surgical exploration to 
evacuate the deep space abscess, excise necrotic tissue, and 
minimize the risk for further spread (Fig.  5.2 ). Prompt surgi-
cal intervention with aggressive debridement back to viable 
tissue offers the best opportunity for limb salvage and sus-
tained function. Even patients with diabetes can heal long 
foot incisions and minor amputations if the infection is well 
controlled and arterial perfusion is adequate. In this clinical 
setting, limb salvage rates of 90 and 82 % can be achieved at 
1 and 5 years, respectively [ 34 ].

   Determining the need for surgical intervention requires a 
thorough search for infection and its sequelae as part of the 
diabetic foot evaluation. The physical exam should focus on 
“hidden” spaces (toe web spaces, under calluses or encrusted 
areas) and pressure points that can harbor infection. Often 
the presentation of an infected diabetic foot will be under-
whelming, as up to two-thirds of diabetic patients do not 
have the traditional systemic signs of infection such as pain, 
chills, leukocytosis, and fever. Serious diabetic foot infec-
tions (fasciitis, osteomyelitis) may manifest fi rst as an area 
of cellulitis or a sinus tract that belies the extent and severity 
of the underlying infection (Fig.  5.3 ). Ulcers should be 
unroofed of necrotic crusts or debris to assess the base. 
Purulence, foul odor, or surrounding erythema of an ulcer 
indicates infection.

   Necrotizing soft-tissue infections occur more commonly 
in diabetics, and knowledge of the anatomy and muscular 
compartments of the foot can help anticipate the pattern of 
spread and achieve proximal control. The plantar aspect of 
the foot has four major plantar spaces: medial, central (deep 
and superfi cial), and lateral (Fig.  5.4 ). Plantar-based inci-
sions provide the most direct access to infections in the fore-
foot and midfoot. The incision should start at the distal most 
extent of the infection and extend proximally until encoun-
tering healthy, viable tissue. In the setting of wet toe gan-
grene or a web space abscess, the plantar incision can be a 
direct continuation of the open-toe amputation. A longitudi-
nally oriented plantar incision follows the natural anatomy of 
the fl exor tendons and soft tissues and has the fl exibility to 
extend proximally toward the medial malleolus or distally 
into each of the affected interspaces if necessary (Fig.  5.5 ).

    Successful surgery for diabetic foot infections involves 
thoroughly exploring the wound and aggressively excising 
infected tissue. Careful wound exploration can identify for-
eign bodies, abscesses, or sinus tracts that could prolong the 
infection if they were not recognized and treated. Severe 
cases of necrotizing fasciitis often require opening adjacent 
fascial compartments and exploring any tissue planes that 
easily separate to gain control of the infection. Once adequate 
exposure has been achieved, debridement begins by remov-
ing all ischemic appearing and grossly necrotic soft tissue. 

  Fig. 5.2    Deep diabetic foot ulcer on the plantar aspect of the foot. The 
ulcer has characteristic fi ndings of a severe infection including sur-
rounding erythema and purulent drainage       
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  Fig. 5.3    ( a ) Severe diabetic foot 
infection manifesting as cellulitis 
and induration of the 2nd toe. 
( b ) Radiographic image of the 
foot showing gas in the soft 
tissue consistent with advance 
infection       
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  Fig. 5.4    The plantar spaces of the foot       

  Fig. 5.5    Intraoperative image of a severe diabetic foot infection that 
has been exposed for debridement with a longitudinal plantar incision 
extending from the site of the 3rd toe amputation to the medial 
malleolus       
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Tendons and their sheaths should also be resected as they 
often act as pathways tracking purulent material into the more 
proximal foot. The severity of infection dictates the extent of 
debridement which should continue until viable tissue is 
encountered. Performing these cases without the use of a 
tourniquet makes viable tissue easier to recognize and may 
help avoid over debridement. Exposed bone within the 
debrided wound should be removed if possible to facilitate 
future soft-tissue coverage as necessary. Although it lacks 
supporting evidence, antibiotic irrigation appears to be a rea-
sonable adjunct to surgery that may help speed the resolution 
of infection. 

 The surgical wound should then be packed open with 
saline-moistened gauze and allowed to heal by secondary 
intention. Dressing changes two or three times a day allow 
for regular wound inspection and further bedside debride-
ment to remove residual necrotic material if necessary. 
Negative pressure wound therapy can simplify the care of 
postoperative diabetic foot infections by decreasing the fre-
quency of dressing changes and accelerating the rate of 
wound closure. In a randomized trial comparing vacuum- 
assisted closure negative wound therapy (VAC) to standard 
moist gauze dressings, VAC therapy resulted in a higher 
proportion of healed wounds, faster healing rates, and fewer 
subsequent amputations [ 35 ]. VAC therapy achieved supe-
rior results at a lower average total cost mainly due to fewer 
dressing changes and a reduced need for further surgical 
debridement or amputation [ 36 ]. Adjunctive procedures to 
achieve wound closure including skin grafts and a variety of 
fl aps (local, muscle, pedicle, and musculotedinous) usually 
require participation by a multidisciplinary team of special-
ists (Fig.  5.6 ).

   A universal, widely accepted algorithm for the manage-
ment of osteomyelitis does not exist. Treatment strategies 
range from antibiotics alone to complete resection of the 
infected bone to some combination of the two approaches. 
Important factors to consider in cases of osteomyelitis 
include the anatomic site of infection, the local vascular sup-
ply, the extent of soft-tissue and bone destruction, the pres-
ence of systemic signs of infection, and the patient’s 
preferences. Using antibiotics alone to treat osteomyelitis 
may benefi t from prolonged, parenteral medications at higher 
than the recommended doses; however, supporting evidence 
for this approach is scarce. Senneville conducted a small ret-
rospective study on diabetic patients treated with antibiotics 
alone and no surgery for osteomyelitis of the toe or metatar-
sal head [ 37 ]. They reported that 32 of 50 patients (64 %) 
achieved remission of osteomyelitis as defi ned by the 
absence of any sign of infection at the initial or contiguous 
site. The mean duration of antibiotics was 11 ± 4 weeks, and 
bone culture-based antibiotic therapy was the only variable 
associated with remission. Conservative surgery that pre-

serves as much of the normal foot architecture offers the best 
chance for maintaining a functional limb with limited dis-
ability. This strategy may translate into limited resection of a 
digit or metatarsal bone combined with 4–6 weeks of culture 
directed antibiotics postoperatively. 

 Regardless of antibiotic choices and surgical technique, 
eradication of infection and healing cannot be achieved with-
out adequate perfusion. Although minor infections and 
superfi cial ulcers often heal with wound care alone, deep 
infections and signifi cant tissue loss will not resolve in 
patients with arterial disease. In patients with advanced dia-
betic foot infections, absent palpable pedal pulses should 
prompt vascular imaging studies to confi rm the diagnosis 
and plan for treatment. Revascularization options include 
endovascular interventions and surgical bypasses, the details 
of which are beyond the scope of this chapter. Active infec-
tion should be controlled with drainage, debridement, and 
antibiotics before proceeding with a surgical bypass. 
Controlling the infection and preparing for surgery should 
take only a few days. Putting off surgery in an attempt to 
sterilize the wound is not benefi cial, and the delay in revas-
cularization may lead to further necrosis rendering the foot 
unsalvageable.  

  Fig. 5.6    The foot depicted in Fig.  5.5  after debridement, wound care, 
and skin grafting       
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    Conclusion 

 Despite advances in the care of patients with diabetes, diabetic 
foot infections still cause more amputations than any other 
condition. 

 The treatment of diabetic foot infections requires a multi-
modal approach. Clearly, the most diffi cult problem is treat-
ing patients with osteomyelitis. The use of new radiologic 
techniques including magnetic resonance imaging may help 
to defi ne the extent of disease. Surgical considerations 
include revascularization, bone biopsy to obtain material for 
culture, and removal of necrotic tissue if such removal does 
not lead to excessive deformity. Optimal antibiotic therapy 
should be based on the results of bone cultures and not from 
material obtained by a swab of superfi cial purulent material. 
Close clinical observation along with measurement of 
infl ammatory markers in the future will help determine the 
duration of therapy.     
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        Peripheral    arterial disease (PAD) refers to occlusive arterial 
lesions which decrease blood fl ow to the extremities. 
Although PAD rarely leads to limb-threatening ischemia, it 
can cause signifi cant disability in the form of limited walk-
ing and decreased quality of life. In the majority of patients, 
atherosclerosis causes PAD; however, other conditions can 
result in arterial occlusive lesions. These rare non- 
atherosclerotic causes of PAD include thromboembolism, 
infl ammatory diseases, aneurysms, traumatic injuries, 
adventitial cysts, popliteal artery entrapment syndrome, and 
congenital anomalies [ 1 ,  2 ]. PAD, defi ned by an ankle- 
brachial index (ABI) less than 0.90, affects over ten million 
people in the USA with an increasing prevalence among 
older adults. In the US National Health and Nutrition 
Examination Survey (NHANES) of an unselected popula-
tion over age 40, the prevalence of PAD increased from 
2.5 % at age 50–59 to 14.5 % in people over the age of 70 
[ 2 ]. The ABI provides an accurate initial screening test for 
PAD that has the advantage of being noninvasive and objec-
tive. An ABI of 0.9 or less has a sensitivity of 95 % for 
detecting angiographically proven PAD in patients with 
claudication, while an ABI greater than 0.9 is 100 % specifi c 
for identifying individuals who do not have PAD [ 3 ]. The 
revised American College of Cardiology/American Heart 
Association (ACC/AHA) guidelines recommend a resting 
ABI to screen for PAD in all patients 65 and older (decreased 
from age 70 in the previous recommendations) and in 
patients age 50 and older who have a smoking history or 
diabetes [ 4 ]. Because PAD, coronary artery disease, and 

cerebrovascular disease all share the same risk factors, 
patients with PAD may harbor atherosclerotic disease in 
other arterial territories and body systems. 

 Intermittent claudication (IC) is the most common symp-
tom of PAD and its prevalence increases with age from 
approximately 3 % at age 40 to 6 % at age 60 [ 5 ]. Patients with 
IC describe pain or weakness in the legs brought on by walk-
ing and relieved by rest. These symptoms result from transient 
exertional ischemia of the muscle groups involved in ambula-
tion. Walking increases the workload and energy demands of 
lower extremity muscles, especially in the calf. Normally, 
blood fl ow increases to meet the demand for more energy. In 
patients with PAD, fi xed arterial occlusions prevent an increase 
in blood fl ow, and this supply-demand mismatch creates rela-
tive ischemia in the muscle. The muscle switches over to inef-
fi cient anaerobic metabolism which results in decreased 
muscle performance, cramping, weakness, and pain. When the 
patient stops walking, the energy demands and blood supply 
equalize and the pain and weakness resolve. 

    Risk Factors for the Development of PAD 

       Smoking 

 Cigarette smoking induces endothelial cell injury and 
increases the risk of atherosclerosis, PAD, and IC fourfold 
compared to nonsmokers [ 6 ] (Fig.  6.1 ). Smoking has a stron-
ger association with PAD than coronary artery disease 
(CAD), and the severity of PAD increases with the number 
of cigarettes smoked. A lifetime of smoking over 25 pack 
years increases the risk of PAD (HR 2.72), while smoking 
cessation signifi cantly decreases the incidence of intermit-
tent claudication, the primary symptom of PAD [ 7 ,  8 ]. 
Although the exact toxic components of cigarette smoke and 
the mechanisms involved in smoking-related cardiovascular 
dysfunction remain unclear, smoking increases infl amma-
tion, thrombosis, and oxidation of low-density lipoprotein 
(LDL) cholesterol. Even low-tar cigarettes and smokeless 
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tobacco increase the risk of cardiovascular events compared 
to nonsmokers [ 9 ].

       Diabetes Mellitus (DM) 

 DM increases the risk of PAD three- to fourfold, doubles the 
risk of IC, and increases the risk of amputation several fold 
compared to nondiabetics [ 10 ]. The pathophysiology of dia-
betes includes abnormalities in the endothelium, vascular 
smooth muscle cells, and platelet as well as metabolic abnor-
malities such as hyperglycemia, increased free fatty acids, 
and insulin resistance [ 11 ]. Increased hemoglobin A1c 
(HbA1c) levels refl ect chronic hyperglycemia and poorly 
controlled diabetes. Every 1 % increase in HbA1c level 
increases the risk of PAD by 26 % [ 3 ,  12 ].  

    Hypertension 

 Elevated blood pressure increases the risk of PAD twofold 
to threefold [ 13 ]. Approximately 2–5 % of patients present-
ing with hypertension have intermittent claudication and the 
prevalence increases with age. Conversely, an estimated 
35–55 % of patients with PAD require treatment for hyper-
tension [ 14 ]. Although the exact mechanism remains unde-

fi ned, recent studies suggest that hypertension facilitates the 
development and progression of atherosclerosis by causing 
oxidative stress or injury to the endothelium which leads to 
infl ammation of the arterial wall [ 15 ].  

    Dyslipidemia 

 Independent lipid risk factors for PAD include elevated lev-
els of total cholesterol, LDL cholesterol, triglycerides, and 
lipoprotein(a). Extensive research suggests that the deposi-
tion, modifi cation, and cellular uptake of cholesterol play an 
important role in the pathophysiology of atherosclerosis. 
Cholesterol injures the vascular endothelium which leads to 
infl ammation and vessel remodeling. Vascular endothelium 
actively regulates vascular tone, lipid breakdown, thrombo-
genesis, infl ammation, and vessel growth, all of which con-
tribute to the development of atherosclerosis [ 16 ]. Elevated 
levels of high-density lipoprotein (HDL) cholesterol and 
apolipoprotein (a-1) appear to be lipid factors which protect 
against the development of PAD [ 3 ]. Several studies have 
shown that lowering cholesterol improves endothelial func-
tion, which may at least in part explain the early and substan-
tial reduction in major cardiovascular events associated with 
lowering cholesterol.  

    Infl ammatory Markers 

 Arterial infl ammation appears to be present well before 
atherosclerosis is grossly visible. C-reactive protein (CRP) 
has been identifi ed as a stable, easily detected marker for 
infl ammation. Recent studies showed that higher CRP lev-
els were positively associated with PAD, independent of 
other confounding risk factors including smoking, waist 
circumference, body mass index, blood pressure, glycosyl-
ated hemoglobin, and serum total cholesterol [ 17 ].  

    Hyperhomocysteinemia 

 An elevation in plasma homocysteine, an amino acid by- 
product of the demethylation of methionine, is an indepen-
dent risk factor for PAD. Hyperhomocysteinemia is present 
in about 30 % of young patients with PAD compared to only 
1 % in the general population [ 3 ].  

    Chronic Kidney Disease (CKD) 

 Patients with CKD defi ned by an estimated glomerular fi ltra-
tion rate (eGFR) between 15 and 59 ml/min per 1.73 m 2  are 
at increased risk for developing PAD. After adjustment for 

  Fig. 6.1    Approximate range of odds ratios for risk factors for symp-
tomatic peripheral arterial disease (Reproduced, with permission, from 
Elsevier, Norgren et al. [ 3 ])       
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cardiovascular disease risk factors, individuals with CKD 
had a 1.5-fold higher risk for developing PAD compared to 
those with normal kidney function [ 18 ].  

    Race 

 According to the NHANES (National Health and Nutrition 
Examination Survey) [ 2 ] and GENOA (Genetic Epidemiology 
Network of Arteriopathy) [ 19 ] studies, PAD is twice as com-
mon among the black population even when other risk fac-
tors such as elevated blood pressure, diabetes, and obesity 
are considered.,  

    Age and Gender 

 The risk of PAD increases in patients 50 years or older. 
Although PAD affects slightly more men than women, gen-
der differences decrease in advanced age groups.   

    Diagnosis 

 The diagnosis of PAD usually relies on a problem-oriented 
history and a detailed physical examination of the vascular 
system. Objective, noninvasive vascular testing can then ver-
ify the clinical fi ndings. One-third of patients with PAD pres-
ent with intermittent claudication which consists of lower 
extremity aches, cramps, numbness, or fatigue that is induced 
by exercise and relieved by a short period of rest (usually less 
than 10 min). Although claudication symptoms usually 
affect the calf muscles, they may also occur in the thighs and 
buttocks depending on the location of the occlusive disease. 
Upper extremity muscle fatigue with exertion can occur in 
the setting of subclavian or axillary artery occlusive disease. 
In general, the claudication symptoms localize to one level 
distal to the occlusive lesion. Hence, calf claudication usu-
ally results from superfi cial femoral artery occlusion, while 
buttock and thigh claudication suggest more proximal dis-
ease of the aorta or iliac arteries. 

 Differentiating the symptoms of claudication from other 
causes of limb pain requires a thorough history including 
pain location and sites of radiation, relieving and aggravat-
ing factors, symptom duration, and reproducibility. A past 
medical history focusing on smoking and other risk factors 
for atherosclerosis should be obtained in addition to the 
social history to determine the functional and quality-of-life 
impact of claudication. Note that some patients with PAD 
do not complain of typical claudication because their severe 
medical comorbidities prevent them from walking enough to 
produce symptoms. Other uncommon vascular pathologies 

(e.g., popliteal artery entrapment) may also present with 
claudication in young patients who do not have atheroscle-
rotic risk factors. Table  6.1  shows the differential diagnosis 
for intermittent claudication.

   The physical examination should include a comprehen-
sive vascular assessment because patients often have arterial 
disease affecting more than one area. Essential components 
of the exam include blood pressure measurements in both 
arms, a cardiac assessment, and a detailed abdominal exami-
nation to evaluate for an abdominal aortic aneurysm. Both 
lower extremities should be examined and compared to each 
other. Some less specifi c fi ndings of PAD include pallor with 
elevation/dependent rubor (associated with critical limb 
ischemia), decreased hair growth, coolness in the most distal 
aspect of the extremity, dystrophic nails, and occasionally 
muscle atrophy. Bruits suggesting turbulent arterial fl ow may 
be heard over the carotid arteries, abdominal aorta or its 
branches, and femoral arteries. A detailed examination of the 
right and left radial, ulnar, brachial, carotid, femoral, popli-
teal, dorsalis pedis, and posterior tibial pulses should be done 
and compared side to side. Vessel wall calcifi cation may be 
palpable (i.e., fi rm vessel with limited pulsatility) in patients 
with long-standing renal failure and diabetes, while patients 
with arteritis may have vessels that are tender to palpation. 
Pulse strength should be graded as absent, weak, normal, or 
aneurysmal, and the capillary refi ll time noted. In patients 
who present with severe PAD, Buerger’s elevation test 
usually demonstrates pallor on elevation and dependent 
rubor (“sunset sign”). A key component of the examination 
is determining the presence or absence of a femoral pulse. 
A non-palpable femoral pulse usually indicates aortoiliac 
disease or common femoral artery occlusion, and this fi nding 
often helps to determine further imaging choices and treat-
ment options. A normal femoral pulse with absent popliteal 
and pedal pulses typically indicates superfi cial femoral arte-
rial disease, while palpable femoral and popliteal pulses with 
absent pedal pulses often indicate infrapopliteal occlusive 
disease (the latter frequently occurring in diabetic patients). 
A handheld Doppler probe should be used for documentation 
if pulses are not palpable.  

    Work-Up 

 Although the clinical history often suggests the diagnosis of 
PAD, physical exam and pulse evaluation may not be reliable 
enough to make the diagnosis with confi dence. Criqui et al. 
showed that only 18 % of patients with abnormal posterior 
tibial pulses had additional objective evidence of PAD [ 20 ]. 
Noninvasive screening tests and imaging studies help con-
fi rm the diagnosis by providing accurate and reproducible 
fi ndings which support the diagnosis of PAD. 

6 PAD and Claudication
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 The ankle-brachial index (ABI) is a simple and accurate 
test for detecting PAD that can be performed in the offi ce or 
at the bedside. Measuring the ABI involves using a handheld 
Doppler probe and manual blood pressure cuff to record the 
systolic blood pressure at the ankle and in the arm. The blood 
pressure cuff should be placed just above the ankle while 
locating the posterior tibial artery or dorsalis pedis artery 
with the Doppler probe. While maintaining the Doppler sig-
nal, the blood pressure cuff is infl ated until the signal is oblit-
erated. The cuff is then slowly defl ated and the pressure at 
which the Doppler signal returns is the systolic ankle pres-
sure. The same steps are repeated for the remaining pedal 
artery. The brachial pressure is obtained in the same manner 
with a blood pressure cuff on the upper arm and a Doppler 
probe on the radial or ulnar pulse. To calculate the ABI, the 

highest systolic pressure measured at the ankle is divided by 
the higher of the two systolic brachial pressures (Fig.  6.2 ). 
Using the higher brachial pressure for both lower extremities 
ensures that the ABI will not be underestimated in patients 
with upper extremity blood pressure discrepancy due to sub-
clavian artery stenosis.

   The ABI correlates with the presence and severity of 
occlusive disease with a normal ABI ranging from 0.90 to 
1.3; an ABI of 0.70–0.90 indicates mild disease; 0.40–0.70 
moderate disease; and an ABI less than 0.40 indicates severe 
occlusive disease [ 21 ]. An ABI greater than 1.3 should raise 
suspicion that the arterial wall is stiffened by medial calcinosis, 
as often occurs in diabetics. In some patients with moderate 
wall calcifi cation, a normal ABI may not refl ect the true per-
fusion to the lower extremities. A falsely elevated ABI should 

   Table 6.1    Differential diagnosis of intermittent claudication   

 Condition  Location  Prevalence  Characteristic 
 Effect of 
exercise 

 Effect of 
rest 

 Effect of 
position 

 Other 
characteristics 

 Calf IC  Calf muscles  3–5 % of adult 
population 

 Cramping, 
aching 
discomfort 

 Reproducible 
onset 

 Quickly 
relieved 

 None  May have atypical 
limb symptoms on 
exercise 

 Thigh and 
buttock IC 

 Buttock, hip, 
thigh 

 Rare  Cramping, 
aching 
discomfort 

 Reproducible 
onset 

 Quickly 
relieved 

 None  Impotence 
 May have normal 
pedal pulses with 
isolated aortoiliac 
disease 

 Foot IC  Foot arch  Rare  Severe pain on 
exercise 

 Reproducible 
onset 

 Quickly 
relieved 

 None  Also may present as 
numbness 

 Chronic 
compartment 
syndrome 

 Calf muscles  Rare  Tight, bursting 
pain 

 After signifi cant 
exercise (e.g., 
jogging) 

 Subsides 
very slowly 

 Relief with 
elevation 

 Typically affects 
heavily muscled 
athletes 

 Venous 
claudication 

 Entire leg, 
worse in calf 

 Rare  Tight, bursting 
pain 

 After walking  Subsides 
slowly 

 Relief speeded 
by elevation 

 History of 
iliofemoral deep 
venous thrombosis, 
signs of venous 
congestion, edema 

 Nerve root 
compression 

 Radiates 
down leg 

 Common  Sharp 
lancinating pain 

 Induced by 
sitting, 
standing, or 
walking 

 Often 
present at 
rest 

 Improved by 
change in 
position 

 History of back 
problems 
 Worse with sitting 
 Relief when supine 
or sitting 

 Symptomatic 
Baker’s cyst 

 Behind knee, 
down calf 

 Rare  Swelling, 
tenderness 

 With exercise  Present at 
rest 

 None  Not intermittent 

 Hip arthritis  Lateral hip, 
thigh 

 Common  Aching 
discomfort 

 After variable 
degrees of 
exercise 

 Not quickly 
relieved 

 Improved 
when not 
weight bearing 

 Symptoms variable 
 History of 
degenerative 
arthritis 

 Spinal stenosis  Often 
bilateral 
buttocks, 
posterior leg 

 Common  Pain and 
weakness 

 May mimic IC  Variable 
relief, but 
can take a 
long time 
to recover 

 Relief by 
lumbar spine 
fl exion 

 Worse with 
standing and spine 
extension 

 Foot/ankle arthritis  Ankle, foot 
arch 

 Common  Aching pain  After variable 
degrees of 
exercise 

 Not quickly 
relieved 

 May be 
relieved by not 
bearing weight 

 Variable; may relate 
to activity level and 
present at rest 

  Adapted from Norgren et al. [ 3 ]  
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be suspected in patients with a strong clinical suspicion for 
PAD or typical claudication symptoms who have absent pal-
pable pedal pulses despite a normal or near normal ABI. This 
fi nding should prompt further testing with waveform analy-
ses or imaging studies. 

 Most patients with intermittent claudication have an ABI 
between 0.5 and 0.9, while those with ischemic rest pain 
have an ABI less than 0.4, and patients with impending gan-
grene have an ABI less than 0.3. Common mistakes to avoid 
when taking an ABI include not using the higher of the two 
arm pressures as the denominator, failure to have the patient 
supine for at least 5 min to allow stabilization of blood pres-
sure and failure to choose an appropriately sized cuff (the 
bladder length of the cuff should be 80 %, and the width 
should be 40 % of the circumference of the extremity). 

 The noninvasive vascular lab can perform several tests 
that evaluate PAD in more detail and may help confi rm the 
diagnosis in patients with atypical clinical presentations. 
Segmental limb pressures can detect and localize arterial 
occlusive lesions by using cuffs placed at the arm, at the 
upper thigh, above the knee, below the knee, and at the ankle. 
A pressure drop of 20 mmHg or more at any level in com-
parison to the proximal or contralateral level indicates sig-
nifi cant arterial disease. Occasionally, well-developed 
collateral vessels can compensate for occlusive disease and 
minimize the pressure disparity. Inaccurate readings may 
also result from using an undersized cuff on the thigh which 
falsely elevates the pressure, masking iliac artery stenosis. 

 Pulse volume recording (PVR) offers another alternative 
to detect and localize PAD. Cuffs placed on the lower extremity 

at multiple levels are infl ated to 65 mmHg and the pulse 
waveforms are recorded. A normal pulse waveform consists 
of a rapid upslope, a sharp systolic peak, a dicrotic notch, 
and a gentle bow toward the baseline. In the presence of 
PAD, the waveform becomes dampened and the degree of 
dampening usually correlates with the severity of the steno-
sis. Compared to segmental pressure measurements, PVR is 
less affected by arterial calcifi cation and combining PVR 
and segmental pressure measurements increases the overall 
accuracy for detecting PAD [ 22 ]. 

 Although exercise testing is rarely required to diagnose 
PAD, it can distinguish arterial claudication from pseudo-
claudication. As a physiologic study, exercise testing can 
also determine the extent to which underlying conditions 
such cardiopulmonary, orthopedic, or muscular disease con-
tribute to the patient’s symptoms. The patient usually rests 
for 20 min before measuring the resting ABI. The patient 
then walks on a treadmill at a fi xed speed (2 mph) and incli-
nation (10–12°) for 5 min or until claudication symptoms 
develop. Repeated toe raises can substitute for walking when 
a treadmill is not available. The patient then reclines and the 
ankle and arm pressures are measured immediately and 
repeated every 2 min for 10 min or until the pressure returns 
to resting levels. In the supine position, a decrease in ABI of 
15–20 % is diagnostic for PAD. Patients with severe aortic 
stenosis, uncontrolled hypertension, severe congestive heart 
failure, unstable angina, or chronic obstructive pulmonary 
disease should not undergo exercise testing. 

 Digital pressure measurements can be used to detect 
PAD in patients who have noncompressible vessels or 

  Fig. 6.2    Calculation of the ankle-brachial index ( ABI )       
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falsely elevated ABI’s (typically due to diabetes or ESRD). 
The toe- brachial index (TBI) helps to provide a frame of 
reference as the normal toe pressure is 20–40 mmHg lower 
than the ankle pressure. A normal TBI is greater than 0.7, a 
TBI of 0.64–0.7 is borderline, and a TBI less than 0.64 is 
clearly abnormal [ 23 ]. A toe pressure less than 30 mmHg is 
associated with ischemic symptoms. 

 In most patients, the combination of clinical history, 
physical exam, and noninvasive tests can establish the diag-
nosis of PAD and determine the level of occlusive disease. 
Imaging studies are not required to confi rm the diagnosis of 
PAD, nor should they be used as fi rst line screening tests as 
they do not alter the natural history of the disease or the ini-
tial management strategy. The primary role of imaging stud-
ies involves treatment planning for patients who are being 
considered for revascularization. Chapter 8 has a more 
detailed description of the most common imaging modalities 
including duplex ultrasound, computed tomography angiog-
raphy (CTA), magnetic resonance angiography (MRA), and 
catheter-directed angiography.  

    Treatment Indications and Options 

 The management of PAD poses a challenge because it repre-
sents a systemic disease with a wide range of clinical sever-
ity. Developing an individualized treatment plan for patients 

with claudication requires knowledge of the natural history 
of PAD, as well as a thorough evaluation of each patient’s 
unique comorbidities, including extent of systemic athero-
sclerosis, functional capacity, and cardiovascular risk factors 
(Fig.  6.3 ). Most patients with intermittent claudication have 
a slow decrease in walking distances and rarely progress to 
limb-threatening ischemia (rest pain, ischemic ulcer, or gan-
grene) especially when risk factors are controlled. Only 
25 % of patients with claudication demonstrate any clinical 
deterioration of the limb perfusion, and the risk of major 
amputation in a claudicant ranges from 1 to 7 % over 5 years 
[ 24 – 26 ]. Decisions on the timing and type of intervention 
depend on the extent of anatomic involvement, the available 
revascularization options, and the expected benefi ts of inter-
vention balanced against early and late risk. The patient with 
claudication should clearly understand that they do not have 
limb-threatening ischemia and that intervention is not 
required for immediate limb salvage or prevention of ampu-
tation in the future. Treatment strategies for patients with 
claudication should focus on controlling cardiovascular risk 
factors, increasing walking distance, and improving the qual-
ity of life. Achieving these goals requires an individualized 
treatment plan based on the extent of disability and func-
tional needs of each patient. Success in managing patients 
with claudication involves education regarding what to 
expect from each proposed treatment and encouraging active 
participation in the decision-making process.

  Fig. 6.3    Overall treatment strategy for peripheral arterial disease.  BP  blood pressure,  HbA1c  hemoglobin A1c,  LDL  low-density lipoprotein,  MRA  
magnetic resonance angiography,  CTA  computed tomographic angiography       
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Computed tomographic angiography, or
Magnetic resonance angiography
Ultrasound

Revascularization (Endovascular or surgical)

Symptoms not improved or deteriorated

Suspected proximal lesion
(weak or nonpalpable femoral pulse(s)

Risk Factor Modification
Smoking cessation
Low-density lipoprotein (LDL) cholesterol <100mg/dL (<70mg/dL if high risk)
Hemoglobin A1c <7.0%
Blood Pressure <140/90mmHg (130/80mmHg if diabetic or renal disease)
Antiplatelet therapy
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   Since PAD (ABI < 0.9) is a manifestation of systemic 
atherosclerosis, it is not surprising that it has a strong asso-
ciation with CAD and stroke. In a study on the fate of 2,777 
male claudicants, the mortality rate was 42 and 65 % at 5 
and 10 years, respectively, with myocardial infarction 
accounting for two-thirds of the 1,363 deaths [ 26 ]. A 
decrease in ABI correlated with an increase in the incidence 
of cardiac and cerebrovascular disease in a population 
study of 13,678 patients over a 13-year period [ 26 ]. In 
another large study on patients older than 70 or age 50–69 
with diabetes or smoking history, 16 % of patients with an 
ABI less than 0.9 had symptomatic CAD or cerebrovascu-
lar disease [ 27 ]. The ACC/AHA guidelines emphasize the 
fact that the most signifi cant risk facing patients with clau-
dication is cardiac death, not limb loss. The risk of cardiac 
death for claudicants is 3–5 % per year compared to a 1 % 
risk of amputation [ 28 ].  

    Medical Management 

    Risk Factor Modifi cation: 

 All patients with PAD require cardiovascular risk factor 
modifi cation irrespective of the treatment plan for their clau-
dication symptoms. 

    Smoking 
 Smoking cessation is the cornerstone of any treatment plan 
for claudication. Active smokers should be educated so that 
they understand that none of their other medications sur-
passes the importance of smoking cessation. Smoking cessa-
tion decreases the risk of death, myocardial infarction, 
amputation, and lower extremity intervention. Patients who 
quit smoking signifi cantly improve their exercise time com-
pared to those who continue to smoke [ 4 ,  29 ]. The issue of 
smoking cessation should be discussed at each clinical 
encounter with patients who smoke. Unfortunately, physi-
cian advice and frequent follow-up achieved a quit smoking 
rate of only 5 %. Not surprisingly an intensive smoking ces-
sation program with individual counseling and pharmaco-
logic therapy resulted in better quit rates compared to verbal 
advice alone (21 % vs. 7 %) [ 30 ,  31 ]. The addition of medi-
cations such as bupropion and varenicline or nicotine 
replacement can provide valuable assistance to patients 
attempting smoking cessation. Varenicline acts as a partial 
agonist of α4β2 nicotine acetylcholine receptor, which mini-
mizes the effect of withdrawal by releasing dopamine to 
reduce craving. In randomized clinical trials, varenicline had 
superior quit rates compared to nicotine replacement and 
bupropion [ 32 ]. At 9 weeks, varenicline had a quit rate of 
44 % versus 16 % for nicotine replacement, 30 % with 
bupropion, and 35 % with both bupropion and nicotine 
replacement [ 33 ].  

    Hyperlipidemia 
 The current guidelines by ACC/AHA recommend an LDL 
cholesterol level of less than 100 mg/dl in patients with 
PAD and less than 70 mg/dl in those with evidence of gen-
eralized atherosclerosis. Lipid-lowering agents, especially 
statins (3-hydroxy-3-methyglutaryl coenzyme A (HMG-
CoA)), have been increasingly used as they have been 
shown to decrease cardiac-related events. The benefi cial 
effects of statins appear to extend beyond their lipid-low-
ering properties. These pleiotropic properties include the 
ability to stabilize atherosclerotic plaque while decreasing 
oxidative stress, vascular infl ammation, and platelet aggre-
gability [ 34 ]. 

 The Heart Protection Study (HPS) [ 35 ] randomized 
20,500 patients (6,748 with PAD) to simvastatin 40 mg, 
antioxidant vitamins, a combination of the two, or placebo. 
Patients who received 40 mg of simvastatin had a signifi -
cant reduction in overall mortality (12 %), vascular 
 mortality (17 %), coronary events (24 %), all strokes 
(27 %), and noncoronary revascularization (16 %). Results 
were similar in the PAD subgroup. In a meta-analysis of 
statin therapy [ 36 ], a 39 mg/dl reduction in LDL was asso-
ciated with a 20 % decrease in major cardiovascular event 
risk independent of the initial lipid levels, including those 
with normal lipid levels. 

 Patients with PAD may also have abnormal HDL and 
triglyceride metabolism. Increasing low HDL levels 
(<40 mg/dl) using fi brates or niacin benefi ts patients with 
coronary artery disease by reducing the risk of nonfatal MI, 
cardiovascular death, and progression of coronary athero-
sclerosis [ 37 – 39 ]. 

 Dietary modifi cation should be the initial intervention to 
control abnormal lipid levels. In addition, patients who are 
overweight (BMI 25–30) or obese (BMI >30) should be 
counseled for weight reduction and referred for weight 
reduction programs if available.  

    Diabetes Mellitus 
 Although the microvascular complications of diabetes (reti-
nopathy, nephropathy) increase with uncontrolled blood glu-
cose levels, strict glucose control does not seem to decrease 
the rate of macrovascular complications, particularly PAD. 
Nevertheless, the current American Diabetes Association 
guidelines recommend hemoglobin A 1c  <7 % as a treatment 
goal for all patients with DM [ 39 ,  40 ].  

    Hypertension 
 The current guidelines recommend a target blood pressure of 
less than 140/90 mmHg in high risk groups such as those 
with PAD and less than 130/80 mmHg in patients who also 
have diabetes or renal insuffi ciency [ 41 ,  42 ]. The benefi t of 
blood pressure control on decreasing the risk of cardiovascu-
lar events does not seem to be linked to the specifi c medica-
tion used. Often more than one medication is needed to 
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achieve this goal. Thiazide diuretics are fi rst line agents, and 
ACE inhibitors or angiotensin receptor blockers are recom-
mended in patients with diabetic renal disease or congestive 
heart failure. A subgroup analysis of the 4,046 patients with 
PAD in the Heart Outcomes Prevention Evaluation (HOPE) 
study showed a 22 % decrease in the risk of stroke, MI, and 
vascular mortality in patients randomized to receive an ACE 
inhibitor (ramipril) [ 43 ]. This fi nding which was indepen-
dent of the absolute reduction in blood pressure provides 
support for the use of ACE inhibitors as a treatment for 
hypertension in patients with PAD. Beta-adrenergic blocking 
medications can also be used for patients with PAD, espe-
cially those with coronary artery disease. Randomized trials 
have refuted the previously held belief that these medications 
could exacerbate claudication symptoms.  

    Homocysteine 
 Although an elevated homocysteine level is associated with 
PAD, treatment of patients with high doses of folic acid is 
not recommended as it has failed to show any benefi t [ 3 ]. 
Checking homocysteine levels and giving supplemental 
folic acid or B vitamins may be appropriate in patients with 
a family history of multiple thrombotic events or premature 
cardiovascular events in the absence of conventional athero-
sclerotic risk factors.  

    Antiplatelet Drug Therapy 
 All patients with claudication should receive antiplatelet 
therapy because it reduces the risk of MI, ischemic stroke, 
and vascular mortality. The Antithrombotic Trialists’ 
Collaboration which included 102,459 patients with cardio-
vascular disease showed that the risk of cardiovascular events 
in patients treated with aspirin-(acetylsalicylic acid, ASA) 
was 9.5 % versus 11.9 % in the control group. Patients with 
claudication had an 18–23 % decrease in cardiovascular 
events in a subgroup analysis [ 44 ]. Low dose (75–150 mg) 
ASA has proved to be as effective as higher dose aspirin, 
without the increased risk of gastrointestinal bleeding. 

 Clopidogrel remains the only FDA-approved antiplatelet 
medication for the secondary prevention of atherosclerotic 
vascular disease. In the CAPRIE Trial (Clopidogrel vs. 
Aspirin in Patients at Risk of Ischemic Events) [ 45 ] patients 
who received clopidogrel (75 mg daily) had a 24 % relative 
risk reduction for MI, stroke, and death compared to patients 
receiving ASA (325 mg). Although combination therapy 
with clopidogrel and ASA may be more effective in acute 
coronary syndromes, this benefi t was not demonstrated in 
other high risk populations including patients with 
PAD. Combination therapy increases the risk of bleeding and 
is not currently recommended as a long-term antiplatelet 
regimen except in patients with other indications such as 
drug-eluting coronary stents.   

    Treatment of Claudication Symptoms 

 In addition to cardiovascular risk reduction, medical man-
agement includes improvement in walking ability and hence 
the quality of life of patients with claudication. Pharmacologic 
agents and exercise therapy are the major components of this 
aspect of medical treatment for claudication. 

    Pharmacologic Agents 
   Cilostazol 
 Cilostazol is one of two currently FDA-approved drugs for 
intermittent claudication and the only one with evidence of 
signifi cant clinical effi cacy. As a phosphodiesterase III 
inhibitor, cilostazol acts as a vasodilator with antiplatelet 
properties. It also inhibits smooth muscle cell contraction, 
decreases serum triglycerides, and increases HDL. In a 
meta- analysis of 6 randomized controlled trials including 
1,751 patients (740 on placebo, 281 on cilostazol 50 mg 
bid, 730 on cilostazol 100 mg bid), peak treadmill perfor-
mance increased 50–70 m in patients on cilostazol com-
pared to those on placebo [ 46 ]. Quality of life measures as 
tested by WIQ and SF-36 also signifi cantly improved. In a 
randomized controlled trial, cilostazol therapy increased 
the maximal walking distance by 107 m (54 % increase), 
compared to an increase of 64 m in those taking pentoxifyl-
line (30 % increase and statistically the same as placebo) 
[ 47 ]. Cilostazol is contraindicated in patients with conges-
tive heart failure because it is a phosphodiesterase inhibitor 
and could potentially exacerbate heart failure; however, no 
direct adverse events have been reported with cilostazol. 
Rare side effects of cilostazol including headache, diarrhea, 
and gastrointestinal discomfort can be minimized by start-
ing at a lower dose of 50 mg bid for 1–2 weeks, then 
increasing to the full dose of 100 mg bid. Patients and pre-
scribing physicians should understand that the full dose 
should be the goal as the lower dose is not as effective in 
achieving results.  

   Pentoxifylline 
 The fi rst and only other FDA-approved drug for claudica-
tion, pentoxifylline is a methylxanthine derivative which 
improves oxygen delivery by its rheolytic effect on red blood 
cells and its inhibitory effect on platelet aggregation and 
fi brinogen levels. Clinical studies showed only a modest and 
inconsistent improvement in claudication symptoms and 
walking distance [ 48 ,  49 ]. Pentoxifylline is currently offered 
to patients who have benefi ted from the drug before or in 
patients who cannot receive cilostazol because of a history of 
CHF or intolerable side effects. Pentoxifylline has an excel-
lent safety profi le with elevated blood pressure being one of 
its few side effects. The standard dose is 400 mg tid, which 
can be increased to 600 mg tid.  
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   Statins 
 Statin drugs have been reported to improve pain-free walking 
time and walking distance in patients with claudication [ 50 ]. 
These results may refl ect the ability of statins to improve 
vasomotor blood fl ow and stimulate angiogenesis [ 51 ].  

   Other Medications 
 A number of agents and classes of drugs (naftidrofuryl, 
propionyl- L   -carnitine, bufl omedil, defi brotide, prostaglan-
dins,  L -arginine, vasodilators) have been studied but will not 
be discussed here due to unavailability or lack of proven 
effi cacy.    

    Exercise Therapy 

 Exercise remains an effective form of therapy for patients 
with claudication [ 52 ]. Structured exercise programs improve 
pain-free ambulation distance and overall walking perfor-
mance [ 25 ,  52 – 54 ]. In addition, exercise reduces cardiovas-
cular morbidity and mortality by lowering blood pressure 
and cholesterol levels and controlling glucose levels in dia-
betics. ACC/AHA guidelines give a strong recommendation 
with solid supporting evidence (level IA) for supervised 
exercise in the treatment of intermittent claudication. 
Specifi cally the guidelines suggest walking for a minimum 
of 30–45 min per session, three to four times per week for at 
least 12 weeks. Walking should continue until reaching pain 
tolerance (rather than the onset of pain). Patients should then 
stop for a brief rest and resume walking as soon as the pain 
resolves. 

 A recent meta-analysis including 9 studies with 873 par-
ticipants compared the outcome of medical therapy, super-
vised exercise, and endovascular intervention. Endovascular 
therapy increased ABI, initial claudication distance, and 
maximum claudication distance compared to medical ther-
apy during early follow-up [ 54 ].Patients treated with endo-
vascular intervention had signifi cantly better ABIs at 
immediate and early follow-up compared to supervised exer-
cise; however, the mean differences were small, and tread-
mill walking distances were the same. Endovascular 
intervention plus supervised exercise improved early and 
intermediate results compared to those who had supervised 
exercise alone. 

 The main drawback of exercise therapy is that about a 
third of patients are not medically fi t to participate and another 
third are simply resistant to the treatment regimen. Lack of 
reimbursement by Medicare or insurers for supervised pro-
grams, the most effective form of exercise therapy, creates 
another hurdle. Nevertheless, all patients should be informed 
about the benefi ts of a regular walking regimen as a primary 
component of medical management for claudication.  

    Endovascular or Surgical Revascularization 

 The TASC II document proposed a decision-making algorithm 
for managing patients with claudication (Fig.  6.3 ) which 
recommends revascularization (endovascular or surgical) 
only after failure of medical therapy for those with infrain-
guinal disease. Patients with proximal (aortoiliac) occlusive 
lesions may be considered for revascularization earlier. 

 Advances in endovascular technology have triggered an 
increase in the number of endovascular procedures performed 
to treat claudication. It is still unclear whether this trend rep-
resents an evolution of therapy that translates into improved 
patient outcomes. A number of studies comparing medical 
therapy and endovascular intervention have shown equivalent 
outcomes, especially in long-term follow-up. In the Edinburgh 
Study, 62 out of over 600 screened patients (47 with SFA ste-
noses or occlusions, 15 with iliac stenoses) were randomized 
to either balloon angioplasty or medical management (low 
dose EC-ASA, lifestyle modifi cation). After 2 years, there 
was no difference in maximal walking distance, claudication 
onset distance, and quality of life (QoL) measures [ 55 ]. The 
Oxford trial randomized 56 patients to exercise training or 
percutaneous transluminal angioplasty (PTA). In patients 
with disease confi ned to the superfi cial femoral artery, exer-
cise training conferred a greater improvement in claudication 
and maximum walking distance compared to PTA. In con-
trast, patients with iliac occlusive lesions had better results 
with PTA which may refl ect the 20 % better patency rate 
achieved in this subgroup [ 56 ]. 

 Evidence favoring revascularization over exercise therapy 
includes the prospective study by Gelin et al. involving 264 
patients randomized to exercise or revascularization (endo-
vascular or surgical) [ 57 ]. After 1 year patients randomized 
to revascularization had signifi cant functional improvement 
and a patency rate of 76 %. In a review of 4,888 PTAs and 
4,511 bypasses, Hunink et al. developed a decision analytic 
model to compare no treatment, initial PTA without further 
intervention, initial PTA with repeat endovascular interven-
tion, initial PTA with subsequent surgical bypass, bypass 
surgery with no further therapy, and bypass surgery followed 
by graft revision [ 58 ]. Their decision and cost-effectiveness 
analysis suggested that a “PTA fi rst strategy” increased qual-
ity adjusted life expectancy by 2–13 months in a typical 
65-year-old patient with claudication and resulted in 
decreased lifetime expenditures compared to bypass surgery. 
Sensitivity analysis showed that PTA was the preferred ini-
tial treatment as long as the 5-year-patency exceeded 30 %. 

 Taylor et al. make a persuasive argument for endovascular 
therapy to treat aortoiliac disease in their series of 669 
patients (1,000 limbs), 70 % of whom had aortoiliac occlu-
sive disease [ 59 ]. Over 60 % of the limbs had a successful 
endovascular intervention, with symptomatic relief achieved 
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in 78 % of patients. They reported a 5-year secondary patency 
rate of 94 %, a limb salvage of 99 %, and an overall survival 
of 77 %. The clinical success and minimal morbidity of 
endovascular interventions compares favorably with medical 
therapy which suffers from a relatively high failure rate and 
a lack of insurance coverage for supervised exercise pro-
grams. These authors advocated a more liberal approach to 
intervention in patients with claudication, challenging the 
recommendation that revascularization be offered only after 
a trial and failure of medical therapy. 

 Medical therapy, exercise, and endovascular intervention 
do not necessarily represent mutually exclusive management 
strategies for claudication. The CLEVER Study examined 
combinations of therapy by randomizing 111 patients with 
aortoiliac disease to: optimal medical care (OMC) including 
cilostazol and self-directed exercise; medical care plus 
supervised exercise (SE); or medical care plus endovascular 
stenting (ST) [ 60 ]. At the 6-month follow-up, change in peak 
walking time was greatest for SE, intermediate for ST, and 
least with OMC (mean change versus baseline, 5.8 ± 4.6, 
3.7 ± 4.9, and 1.2 ± 2.6 min, respectively). Disease-specifi c 
quality of life also improved with both SE and ST compared 
with OMC. It is important to note that the patients in the 
CLEVER Study had relatively limited lesions (mean lesion 
length 3.9 cm, 38 % occlusions) and more than twice as 
many patients (43 %) in the stented group had complete 
relief of claudication symptoms compared to patients in 
supervised exercise group (21 %). 

 Since supervised exercise therapy likely benefi ts patients 
by improving their cardiopulmonary fi tness, it may function 
as a valuable adjunct to revascularization. A recent meta- 
analysis included eight randomized clinical trials comparing 
PTA and supervised exercise therapy (SET) and found that 
while PTA and SET were equally effective, PTA plus SET 
improved walking distance and some domains of quality of 
life scales compared to PTA alone [ 61 ]. 

 Although endovascular interventions have low morbidity 
and essentially no mortality, achieving optimal long-term out-
comes requires knowledge of the disease complexity and the 
expected durability of the revascularization procedure. Lesion 
anatomy may be the most important factor in determining 
which type of revascularization will yield the longest patency. 
The TASC working group classifi ed anatomic patterns of dis-
ease for aortoiliac and femoropopliteal segments (type A to 
D) and made revascularization recommendations for each 
subgroup [ 62 ]. The current guidelines published in 2007 and 
known as TASC II recommend endovascular therapy for 
TASC type A lesions and surgery for type D lesions [ 3 ]. 
Endovascular treatment is also the preferred treatment for 
type B lesions with surgery being preferred for good risk 
patients with type C lesions. The guidelines suggest consider-
ing the patient’s comorbidities and personal preference as 
well as the local operator’s long-term success when making 

treatment choices for type B and C lesions both in aortoiliac 
and femoropopliteal segments. Figures  6.4  and  6.5  show the 
TASC classifi cation of aortoiliac and femoropopliteal lesions.

    Multilevel arterial disease occurs less commonly in 
patients with claudication compared to those with critical 
limb ischemia, and decision making regarding which seg-
ment to treat and how to treat it can be challenging. A hybrid 
approach has emerged as an effective technique for address-
ing all levels of arterial disease with one intervention involv-
ing both surgical and endovascular techniques [ 63 – 65 ].   

    Aortoiliac Disease 

 Endovascular interventions have had the greatest impact on 
aortoiliac arterial disease with angioplasty and stenting now 
considered by many to be fi rst line therapy even for complex 
lesions (TASC C and D) [ 66 ,  67 ]. Endovascular aortoiliac 
interventions increased by 850 % between 1995 and 2000 in 
a NIS sample [ 68 ], whereas aortobifemoral bypass surgery 
decreased by 16 % during the same time period. The intro-
duction of covered stents, reentry devices, and the increased 
use of brachial access has allowed patients with complex 
aortoiliac occlusions to be treated by endovascular means, 
while open reconstructions using direct (aortobifemoral) or 
extraanatomic bypasses (axillobifemoral, femorofemoral) 
are less commonly required. 

 Successful endovascular intervention for patients with 
aortoiliac occlusive disease requires careful pre-procedure 
assessment of anatomy and revascularization options. When 
treating a patient with disabling claudication and weak or 
absent femoral pulses, a noninvasive imaging study (CTA or 
MRA) performed preoperatively can help plan the procedure. 
The extent of occlusive disease, amount and location of calci-
fi cation, and the common femoral artery plaque burden can 
determine the access site (femoral vs. brachial), the use of 
covered stents, and the need for common femoral endarterec-
tomy in addition to the iliac intervention (hybrid procedure). 

 Balloon angioplasty of focal iliac artery stenoses has a 
4-year patency of 44–65 %, while complete iliac artery 
occlusions have higher failure rates after balloon angioplasty 
alone [ 69 ,  70 ]. The Dutch Iliac Stent Trial Study Group [ 71 ] 
randomized patients with iliac artery lesions to primary PTA 
versus primary balloon expandable stent placement. 
Although the two groups had similar outcomes, nearly half 
(43 %) the patients in the PTA group required stent place-
ment. A meta-analysis comparing primary stenting to selec-
tive stenting in more than 1,300 patients found a better initial 
success rate (>90 %) and primary patency rate (>70 % at 
5 years) in the primary stent group. Most interventionists pri-
marily stent iliac artery lesions; however, balloon angio-
plasty with selective stenting is reasonable in iliac stenoses 
confi ned to one artery segment [ 70 ]. 
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 Endovascular interventions for aortoiliac TASC A and B 
lesions have consistently achieved 80–85 % patency at 5 years 
[ 72 ]. Although the earlier studies reported lower patency rates 
for TASC C and D lesions, more recent studies have reported 
patency rates comparable to those achieved with less severe 
lesions. Kashyap et al. found that patients with TASC C and 
D lesions treated with aortobifemoral bypass had higher 
primary patency rates compared to patients treated with 
endovascular therapy; however, secondary patency rates 
were similar for both groups (95 % and 97 % at 3 years in 
endovascular and direct reconstructions, respectively) [ 66 ]. 

Of note, a femoral endarterectomy is required in combination 
with iliac stenting in 10–20 % of patients especially in series 
reported by vascular surgeons [ 64 ,  65 ]. 

    Surgical Treatment 

 The safety and effi cacy of endovascular therapy has relegated 
direct aortoiliac reconstruction to a second or third line treat-
ment option usually reserved for occlusive lesions that cannot 
be recanalized. Patients with juxtarenal aortic occlusions and 

  Fig. 6.4    TASC classifi cation of aortoiliac lesions.  CIA  common iliac artery,  EIA  external iliac artery,  CFA  common femoral artery,  AAA  abdominal 
aortic aneurysm (Reproduced with permission from Elsevier, Norgren et al. [ 3 ])       

Type A lesions

Type B lesions:

• Unilateral or bilateral stenoses of CIA

• Short (≤3 cm) stenosis of infrarenal aorta
• Unilateral CIA occlusion
• Single or multiple stenosis totaling 3–10 cm involving the
  EIA not extending into the CFA
• Unilateral EIA occlusion not involving the origins of
  internal iliac or CFA

Type C lesions

Type D lesions

• Bilateral CIA occlusions
• Bilateral EIA stenoses 3–10 cm long not extending into 
  the CFA
• Unilateral EIA stenosis extending into the CFA
• Unilateral EIA occlusion that involves the origins of
  internal iliac and/or CFA
• Heavily calcified unilateral EIA occlusion with or without
  involvement of origins of internal iliac and/or CFA

• Infra-renal aortoiliac occlusion
• Diffuse disease involving the aorta and both iliac arteries
  requiring treatment
• Diffuse multiple stenoses involving the unilateral CIA,
  EIA, and CFA
• Unilateral occlusions of both CIA and EIA
• Bilateral occlusions of EIA
• Iliac stenoses in patients with AAA requiring treatment
  and not amenable to endograft placement or other
  lesions requiring open aortic or iliac surgery

• Unilateral or bilateral single short (≤3 cm) stenosis of EIA
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those with aneurysmal and occlusive aortic disease may still 
be better served with direct surgical reconstruction which 
usually entails suprarenal aortic clamping and aortic endarter-
ectomy. These indications for surgery have become less abso-
lute with the increasing use of stent grafts and other adjunctive 
techniques which have expanded endovascular treatment 
options for patients at high risk for major surgery. Heavy cal-
cifi cation in the iliac and aortic segments are no longer con-
traindications to endovascular interventions, as the use of 
stent grafts enables dilation of a severely atherosclerotic 
artery with protection from uncontrolled hemorrhage if the 

artery ruptures. Surgeries for aortoiliac occlusive disease 
including aortobifemoral bypass, aortic endarterectomy, and 
extraanatomic bypass are described in Chapter 8.   

    Infrainguinal Disease 

 Intervening on patients with claudication due to infraingui-
nal disease involves a more complicated decision-making 
process than choosing to revascularize patients with aor-
toiliac occlusive disease. Medical management remains the 

  Fig. 6.5    TASC classifi cation of femoral popliteal lesions.  CFA  common femoral artery,  SFA  superfi cial femoral artery (Reproduced with permis-
sion from Elsevier, Norgren et al. [ 3 ])       

Type A lesions

• Single stenosis ≤10 cm in length
• Single occlusion ≤5 cm in length 

Type B lesions:

Type C lesions

• Multiple lesions (stenoses or occlusions), each ≤5 cm 
• Single stenosis or occlusion ≤ 15 cm not involving the
  infrageniculate popliteal artery
• Single or multiple lesions in the absence of continuous
  tibial vessels to improve inflow for a distal bypass
• Heavily calcified occlusion ≤ 5 cm in length
• Single popliteal stenosis

• Multiple stenoses or occlusions totaling > 15 cm with or
  without heavy calcification
• Recurrent stenoses or occlusions that need treatment
  after two endovascular interventions

Type D lesions

• Chronic total occlusions of CFA or SFA (> 20 cm,
  involving the popliteal artery)
• Chronic total occlusion of popliteal artery and proximal
   trifurcation vessels
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preferred initial treatment for claudication due to infrainguinal 
disease, with revascularization reserved for those who fail 
non-interventional therapy. Several factors can infl uence 
the decision to intervene including the disease location, 
the degree of disability, and the expected durability of 
 revascularization. Once a decision to intervene has been 
made, noninvasive imaging with duplex ultrasonography, 
CTA, or MRA can anatomically characterize the disease to 
help determine the interventional options. Patients with 
TASC A or B anatomy are usually amenable to endovascu-
lar revascularization, while patients with more advanced 
disease (TASC C or D) disease require a more complex 
decision-making process. Strict adherence to the TASC 
recommendations would mandate surgery for these patients; 
however, most vascular specialists individualize their treat-
ment decisions and initially pursue an endovascular inter-
vention if it seems feasible. 

 Bypass surgery for patients with claudication due to 
infrainguinal disease can be a source of disagreement among 
vascular specialists. Although claudication limits walking 
and decreases quality of life, it is not a limb-threatening con-
dition nor does it require surgery for limb salvage. The desire 
to improve a patient’s walking ability with a surgical bypass 
must be balanced against the small but real risk of limb loss if 
the bypass fails or becomes infected. Physicians and patients 
must acknowledge and discuss these issues before embarking 
on lower extremity bypass surgery for claudication. 

 Some practitioners advocate an expanded role for bypass 
procedures in patients with claudication. The fact that 
patients with claudication live longer than those with CLI 
places a premium on the durability of revascularization pro-
cedures. Recent studies suggest that good surgical risk 
patients with adequate caliber great saphenous vein available 
should be considered for surgical revascularization before 
attempting endovascular recanalization of long, complicated 
arterial occlusions. Preference is given to the great saphe-
nous vein because surgical revascularization using synthetic 
grafts (PTFE) even in the above-knee position appears to 
have inferior outcomes in patients with TASC C and D dis-
ease [ 73 ]. In a meta-analysis of 73 studies on femoropopli-
teal bypass grafts from 1986 to 2004, Perreira et al. [ 74 ] 
reported 5-year primary patency rate for claudicants of 57 % 
for above-knee PTFE, 77 % for above-knee vein, and 65 % 
for below-knee vein. These fi ndings lend support to a strat-
egy of pursuing endovascular revascularization when the 
surgical alternative involves an infrainguinal bypass using a 
synthetic graft. In contrast to femoropopliteal occlusive dis-
ease, infrapopliteal interventions should generally be avoided 
in patients with claudication. More aggressive medical ther-
apy should be considered before performing open or endo-
vascular interventions in patients with claudication due to 
below-knee occlusive lesions. 

 The variety of endovascular tools being marketed for 
femoropopliteal disease highlights the fact that a widely 
accepted treatment strategy does not exist. Although percu-
taneous balloon angioplasty (PTA), stenting (plain or drug- 
eluting), stent grafting, cryoplasty, and debulking procedures 
(laser-assisted PTA, atherectomy) appear to be safe and 
moderately effective, none of these techniques has proven to 
be superior in the treatment of femoropopliteal occlusive 
lesions. Balloon angioplasty with selective stenting remains 
the most commonly performed endovascular intervention. 
Indications for stenting after PTA of the SFA include subop-
timal technical results such as fl ow limiting dissections, elas-
tic recoil, or residual stenosis greater than 30 %. 

 Over the last decade, primary stenting has emerged as a 
common technique especially in patients with greater than 
5 cm occlusions (TASC B and above) [ 75 ]. Earlier studies 
that showed comparable patency rates for balloon angioplasty 
with selective stenting versus primary stenting were con-
ducted before nitinol-based stents were available. Randomized 
trials showed primary stenting with nitinol stents improved 
1 year patency rates compared to balloon angioplasty (65–
80 % vs. 30–40 %) in patients with TASC B femoropopliteal 
lesions (mean lesion length 71–101 mm) [ 76 – 80 ]. A drug-
eluting stent recently approved in the USA has also shown 
promise in the treatment of femoropopliteal lesions. In a ran-
domized study of 120 patients the paclitaxel- coated stent 
improved 1- and 2-year patency rates compared to bare metal 
stents following failed balloon angioplasty [ 81 ]. 

 The optimal treatment for TASC C and D lesions remains 
controversial. Although the TASC document recommends 
surgical bypass for medically good risk patients with TASC 
II C and D lesions (occlusion and stenosis length >15 cm), 
real-world practice often favors endovascular therapy as a 
fi rst line intervention. An individualized approach may offer 
the best treatment strategy. Patient factors to consider when 
deciding between interventional options include medical 
comorbidities, life expectancy, lesion anatomy, and autoge-
nous conduit availability.  

    Conclusion 

 PAD and claudication decrease the quality and quantity of 
life. Not only do patients with claudication have diffi culty 
walking; they also have an increased 5-year mortality rate of 
30–40 % largely due to cardiovascular events. Although 
endovascular interventions can extend walking distance by 
increasing arterial perfusion, they do not improve survival. 
To live longer, patients with PAD and claudication must 
adopt lifestyle changes aimed at reducing cardiovascular risk 
including smoking cessation, regular exercise, antithrom-
botic medication, and cholesterol lowering. Assessing the 
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outcome of patients treated for claudication therefore 
requires more than just reporting the patency rates after an 
intervention. Quality of life parameters, functional capacity, 
and long-term survival more accurately measure the overall 
success of the various treatment strategies for PAD and 
claudication.     
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           Introduction 

       Critical limb ischemia (CLI) represents the most severe clinical 
manifestation of lower extremity peripheral arterial disease 
(PAD) and is defi ned as the presence of ischemic rest pain, 
nonhealing ulcers, or gangrene attributable to objectively 
proven arterial occlusive disease [ 1 ]. Patients with CLI 
occupy the extreme end of the PAD spectrum and fall into 
the severe disease categories according to the Fontaine 
(stages III or IV) and Rutherford (category 4–6) clinical 
staging systems for PAD (Table  7.1 ). Symptoms lasting lon-
ger than 2 weeks distinguish CLI from acute limb ischemia.

   While the presence of PAD implies an imbalance of arte-
rial blood supply versus demand, the arterial disease 
observed in CLI is severe enough that perfusion fails to 
meet the resting metabolic requirements of the tissues. The 
chronic lack of blood fl ow initiates a cascade of pathophysi-
ologic events that ultimately leads to rest pain or trophic 
changes of the lower extremity or both. Critical limb isch-
emia usually results from severe atherosclerotic stenoses or 
occlusions at two or more levels of the lower extremity arte-
rial tree. This multi-level disease pattern severely dimin-
ishes fl ow through collateral beds leading to limb-threatening 
ischemia. Other less common etiologies of CLI include ath-
eroembolic or thromboembolic diseases, vasculitis, in situ 
thrombosis related to hypercoagulable states, popliteal artery 
entrapment, trauma, cystic adventitial disease, and thrombo-
angiitis obliterans [ 2 ]. Regardless of the underlying cause, 

the pathogenesis of CLI involves a complex array of changes 
to the macrovascular and microvascular systems and sur-
rounding tissues of the lower extremity [ 3 ].  

    Clinical Manifestations 

    Claudication 

 Intermittent claudication occurs due to relative muscle 
ischemia from a transient imbalance between arterial blood 
supply and demand. Patients with claudication have repro-
ducible discomfort of a defi ned group of muscles that is 
induced by exercise and relieved with rest. The lower extrem-
ity discomfort predictably occurs one level distal to the ana-
tomic location of arterial occlusive lesions; however, 
symptoms can vary widely in distribution and severity. 
Buttock and hip discomfort usually correlates to aortoiliac 
disease, whereas thigh discomfort is associated with aortoil-
iac or common femoral artery disease, upper calf discomfort 
is associated with superfi cial femoral artery disease, lower 
calf pain is associated with popliteal artery disease, and dis-
comfort at the level of the foot or instep is associated with 
tibioperoneal arterial disease. Claudication, even in its most 
severe form, does not imply limb-threatening ischemia or 
impending CLI. Symptoms of claudication usually remain 
stable over time, and very few patients with claudication 
progress to CLI. The majority of patients with CLI do not 
have a history of slowly worsening claudication. Instead, 
they have debilitating ischemic ulcers and gangrene at the 
time of their initial presentation.  

    Rest Pain 

 Ischemic rest pain is characterized by severe burning pain 
localized to the forefoot and toes of a chronically ischemic 
lower extremity. Such diffuse pedal ischemia is associated 
with a systolic arterial blood pressure less than 40 mmHg at the 
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ankle and less than 30 mmHg at the toes [ 4 ]. The discomfort 
associated with rest pain is often refractory to analgesics and 
can be prompted or aggravated by elevation of the lower 
extremity. Patients frequently experience ischemic rest pain at 
night owing to the relative elevation of the lower extremity dur-
ing the recumbent or reclining position assumed while trying to 
sleep. Limb dependency, on the other hand, typically results in 
symptomatic improvement or sometimes complete resolution 
of discomfort in the lower extremity. This tendency to keep the 
ischemic lower extremity in a dependent position explains why 
some patients with CLI present with symptoms of lower 
extremity edema.  

    Ischemic Ulcer 

 An ischemic ulcer forms after an initial break in the integrity 
of the skin as a result of soft tissue trauma. Such trauma is 
typically mild and occurs at sites of increased focal pressure 
in the lower extremity such as the lateral malleolus, metatar-
sal heads, or distal extent of the toes. Due to impaired oxy-
genation and inadequate blood fl ow to the site of injury, 
breaks in the skin fail to heal and persist as chronic, painful 
erosions [ 5 ]. Ischemic ulcers are usually dry and punctate 
and may be associated with other signs of chronic lower 
extremity ischemia, including rest pain, hair loss, skin atro-
phy, nail hypertrophy, and pallor. The aching or burning pain 
that patients with ischemic ulcers experience results from 
both chronic severe ischemic neuropathy and the presence of 
sensory nerves at the site of the ulcer.  

    Gangrene 

 Tissue necrosis, or gangrene, occurs when the vascular sup-
ply of the lower extremity fails to maintain cellular viability. 
The lower extremity may appear cyanotic with anesthetic 

tissue that is associated with or progresses to frank necrosis. 
The extent of gangrene can range from a single digit to the 
entire lower extremity depending on the severity of underly-
ing PAD and local resting metabolic requirements. Patients 
may initially describe severe pain due to a variety of factors, 
including ischemic neuropathy, osteomyelitis, coexisting 
ascending infection, or associated ischemic injury to the 
skin and subcutaneous sensory nerves. Pain typically abates 
with the progression of gangrene due to ischemic necrosis 
of the sensory nerves and surrounding tissues. 

 Gangrene is described as either dry or wet based on clini-
cal examination. Dry gangrene appears gradually and pro-
gresses slowly. Tissue becomes cold and has a characteristic 
hard, dry texture that ultimately sloughs off. Dry gangrene 
can result from embolization to the toe    or forefoot and usu-
ally produces a clear demarcation between viable and 
necrotic tissue. A clearly demarcated digit or forefoot may 
autoamputate without proximal progression of gangrene. 
Due to the rather slow and emotionally disturbing nature of 
demarcation, an elective amputation of the involved portion 
of the lower extremity provides a more acceptable alterna-
tive. Most patients have inadequate arterial perfusion to heal 
the distal amputation site and therefore require a revascular-
ization procedure for limb salvage. 

 Wet gangrene is a life-threatening complication of an 
untreated infected wound, which requires emergency surgery. 
Infection of the extremity by saprogenic microorganisms 
such as  Clostridium perfringens  produces soft tissue edema 
and cessation of local arterial and venous blood fl ow. The 
stagnant blood pools in the lower extremity and promotes fur-
ther rapid bacterial proliferation. Bacterial toxins are absorbed 
by the surrounding tissue of the lower extremity resulting in 
fulminant sepsis and death if not treated promptly with intra-
venous antibiotics and debridement or amputation. Wet gan-
grene represents the progression of coagulative necrosis to 
liquefactive necrosis, with the affected limb featuring a moist, 
edematous, soft, and often blistering appearance.   

   Table 7.1    Classifi cation of peripheral arterial disease: Fontaine’s stages and Rutherford’s categories   

 Fontaine  Rutherford 

 Stage  Clinical  Grade  Category  Clinical 

 I  Asymptomatic  0  0  Asymptomatic 
 IIa  Mild claudication  I  1  Mild claudication 
 IIb  Moderate to severe 

claudication 
 I  2  Moderate claudication 
 I  3  Severe claudication 

 III  Ischemic rest pain  II  4  Ischemic rest pain   Critical limb ischemia  
 IV  Ulceration or gangrene  III  5  Minor tissue loss 

 III  6  Major tissue loss 

  Modifi ed from Norgren et al. [ 1 ]  
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    Patient Evaluation 

    Diagnosis 

    Clinical History 
 The evaluation of a patient with PAD begins with a detailed 
history and careful physical examination. Although 
patients with PAD may report limitations in exercise per-
formance and walking ability, the 2005 American College 
of Cardiology/American Heart Association (ACC/AHA) 
guidelines on PAD suggest that only 10–35 % of patients 
present with classic claudication symptoms (Fig.  7.1 ) [ 2 ]. 
Less than 3 % of patients present with symptoms of CLI. 
Instead, the majority of patients with PAD are either 
asymptomatic or complain of atypical leg pain at initial 
clinical presentation. An estimated 5–10 % of patients 
with asymptomatic PAD or claudication will progress to 
CLI within 5 years.

   Identifi cation of risk factors for PAD can aid in distin-
guishing symptoms of PAD from other less common causes 
of lower extremity ischemia such as radiation fi brosis, fi bro-
muscular dysplasia, popliteal entrapment, vasculitis, and 
adventitial cystic disease. Non-arterial and nonvascular 
pathologies should also be considered in the differential 
diagnosis of lower extremity discomfort, including deep 
venous thrombosis, peripheral neuropathy, spinal stenosis, 
and musculoskeletal disorders. Because atherosclerosis is a 
systemic disease, the risk factors for PAD mirror those of 
coronary artery disease. In patients with a history of hyper-
tension, tobacco use, diabetes mellitus, chronic renal failure, 
and dyslipidemia, PAD is more likely to be the underlying 
cause of their lower extremity complaints [ 6 – 9 ]. The 2005 
ACC/AHA guidelines also identifi ed the following groups to 
be at increased risk for lower extremity PAD: age ≥70 years, 
age 50–69 years with a history of smoking or diabetes, and 
age 40–49 with diabetes and at least one additional risk fac-
tor for atherosclerosis, leg symptoms suggestive of claudica-
tion with exertion or ischemic pain at rest, abnormal lower 
extremity pulse examination, and those patients with known 
atherosclerosis at other anatomic sites (e.g., coronary, 
carotid, or renal artery disease) [ 2 ].  

    Physical Examination 
 Clinical fi ndings consistent with PAD include cool temperature 
of the leg, absent or diminished pulses in the legs or feet, 
thin or shiny appearance of the skin, hair loss, nonhealing 
wounds or gangrene, pallor with elevation of the extremity, 
dependent rubor (foot redness with dependent position), and 
hypertrophic changes of the toenails. Patients may also dem-
onstrate restricted mobility as a result of numbness, weak-
ness, or heaviness in the muscles of the leg. Examination in 
patients with suspected lower extremity arterial disease 
should include a thorough search for the presence and strength 
of all lower extremity pulses, as well as evaluation for cardiac 
murmurs, bruits, and aneurysms. Pulses should be assessed 
on both legs at all levels and any abnormalities correlated 
with lower extremity symptoms to determine lateralization 
of occlusive disease. A diminished or absent femoral pulse 
suggests infl ow disease due to aortoiliac occlusive lesions. 
A normal femoral but absent distal pulse suggests preserved 
infl ow but impaired infrainguinal outfl ow to the leg. 

 Despite the utility of the pulse examination, physical 
exam of the femoral artery pulse has been shown to be little 
better than relying on subjective symptoms of claudication to 
diagnose large-vessel PAD. Moreover, the absence of pedal 
pulses tends to overdiagnose PAD as evidenced by the fact 
that only 18 % of patients with abnormal posterior tibial 
pulses have additional objective evidence of PAD [ 10 ]. The 
diagnosis of PAD in suspected patients must therefore be 
confi rmed using noninvasive screening tests and, if needed, 
other hemodynamic or imaging studies.  

    Routine Noninvasive Vascular Screening Studies 
 The resting ankle-brachial systolic pressure index (ABI) 
should be performed in all patients with a clinical history 
and/or physical exam suggestive of PAD. This chapter 
describes the technique for measuring an ABI. 

 The normal reference range for ABI is 0.90–1.2. A 
decreased ABI in symptomatic patients confi rms the pres-
ence of hemodynamically signifi cant peripheral arterial 
occlusive disease between the heart and ankle, with a 
lower ABI correlating with more severe occlusive disease. 
An ABI of less than 0.90 is 95 % sensitive in identifying 

  Fig. 7.1    Initial clinical 
presentation of patients with 
peripheral arterial disease (PAD)       
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angiographically confi rmed PAD [ 1 ,  11 ]. Patients with 
claudication generally have an ABI in the range of 0.40–0.90, 
whereas those with rest pain or tissue loss have an ABI 
in the range of 0.20–0.50 and zero to 0.40, respectively. 
It is important to note, however, that over 50 % of 
patients with an abnormal ABI will fail to demonstrate 
typical symptoms of claudication or CLI due to the pres-
ence of other major comorbidities [ 1 ]. In addition to its 
ability to detect PAD, the ABI may also function as a 
marker for systemic atherosclerotic disease. Several studies 
have noted a strong correlation between ABI and mortality 
[ 12 – 14 ], with one report even noting a near linear rela-
tionship between ABI and fatal and nonfatal cardiovas-
cular events [ 13 ]. 

 Signifi cant arterial calcifi cation causes blood vessel 
incompressibility which will falsely elevate the ABI. In such 
cases, a toe-brachial index may be used to diagnose PAD as 
digital vessels are often spared from calcifi cation. The toe- 
brachial index is calculated by dividing the toe systolic pres-
sure by the highest brachial systolic pressure and can be 
measured by a noninvasive vascular lab using small blood 
pressure cuffs. A normal toe-brachial index is greater than 
0.70. Most cases of CLI are associated with ankle systolic 
blood pressures less than 50 mmHg or toe systolic blood 
pressures less than 30 mmHg. Foot lesions usually heal when 
toe pressure exceeds 30–40 mmHg (or slightly higher in dia-
betic patients). 

 To evaluate PAD in more detail, the noninvasive vascular 
lab can perform segmental limb systolic pressures, plethys-
mography, Doppler waveform analysis, and exercise testing. 
More details of these exams can be found in this chapter.   

    Pre-intervention Imaging 

 Imaging studies are not required to confi rm the diagnosis nor 
should they be used as fi rst-line screening tests for CLI or 
PAD. The primary role of imaging studies involves treatment 
planning for patients who require revascularization for limb 
salvage. Imaging exams create an arterial road map that 
helps determine what, if any, endovascular and surgical ther-
apy options are feasible. 

    Duplex Ultrasound 
 Duplex ultrasound provides a reliable and inexpensive imag-
ing option to evaluate arterial occlusive disease and other 
vascular pathologies. Capabilities of duplex ultrasonography 
include the ability to differentiate stenoses from occlusions, 
characterize the occlusive nature of specifi c arterial seg-
ments, evaluate for arterial trauma, assess adequacy of surgi-
cal intervention, and provide surveillance for bypass grafts. 
Duplex ultrasound scanning usually proceeds from proximal 
to distal, recording artery diameter, presence and character 

of atherosclerosis, and velocity spectral waveform. In stenotic 
lesions that signifi cantly reduce the vessel diameter, arterial 
fl ow becomes turbulent with increased systolic and diastolic 
velocities. Velocity criteria can classify the severity of the lesion 
with greater than 80 % accuracy depending on the arterial 
segment scanned. 

 Although the exam quality depends on the technical skill 
of the sonographer, duplex ultrasound has proven to be a sen-
sitive and specifi c test for arterial occlusive disease. A meta- 
analysis of 14 studies demonstrated the sensitivity and 
specifi city of duplex scanning for ≥50 % stenosis or occlu-
sion to be 86 and 97 % for aortoiliac disease and 80 and 98 % 
for femoropopliteal disease [ 15 ]. In a recent prospective, 
blinded study, Eiberg et al. [ 16 ] compared duplex ultrasound 
scans to the angiographic fi ndings in 42 patients with claudi-
cation and 127 patients with CLI. The interobserver agree-
ment between duplex ultrasound and angiography was 
generally good with both techniques independent of the 
severity of PAD. Duplex ultrasound was noted to perform 
better in the supragenicular arteries than in the infragenicular 
arteries but still compared favorably with angiography down 
to the level of the tibial vessels. Several additional studies 
reported a similar correlation between these two imaging 
studies [ 17 – 19 ]. Such fi ndings support duplex ultrasound as 
a useful noninvasive alternative to conventional contrast 
angiography, particularly among those patients with renal 
failure and contrast allergies.  

    Computed Tomographic Angiography 
 Multidetector computed tomographic angiography (CTA) 
allows for the rapid acquisition of high-resolution, contrast- 
enhanced arterial images. The CTA images can then be 
reviewed in multiple projections and reconstructions to 
 illustrate artertial anatomy, localize occlusive disease, and 
detect vessel wall calcifi cation. The abundance of informa-
tion gained from CTA has made it a widely used exam for 
treatment planning. A meta-analysis of 12 studies evaluating 
9,541 arterial segments in 436 patients showed that multide-
tector CTA detected greater than 50 % segmental stenosis 
with a pooled sensitivity and specifi city of 92 and 93 %, 
respectively [ 20 ]. The diagnostic performance of CTA was 
noted to be lower in the infrapopliteal arteries but not signifi -
cantly different from that observed in the aortoiliac or femo-
ropopliteal arterial systems. More recently, a meta-analysis 
published in 2009 of 20 studies similarly compared the diag-
nostic performance of CTA to the reference standard contrast 
angiography for the evaluation of 19,092 lower extremity 
arterial segments in 957 symptomatic patients [ 21 ]. The 
overall sensitivity and specifi city of CTA in that analysis was 
95 and 96 %, respectively. 

 The drawbacks of CTA include its high cost and the asso-
ciated exposure to both ionizing radiation and intravenous 
nephrotoxic contrast agents. CTA requires an intravenous bolus 
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of more than 100 mL of iodinated contrast in the average 
adult, making it less desirable for patients with chronic 
renal insuffi ciency (estimated glomerular fi ltration rate 
(eGFR) <60 ml/kg/min). An imaging pitfall specifi c to CTA 
involves the use of narrow window settings to optimize 
image quality in the presence of arterial wall calcifi cations or 
previously placed stents. These imaging settings may overes-
timate the degree of stenosis or suggest a spurious arterial 
occlusion. In patients with diabetes or ESRD, extensive ath-
erosclerotic calcifi cation within small crural or pedal arteries 
may make it impossible to detect a patent vessel lumen 
regardless of the window/level selection. Fortunately, most 
of these artifacts are easily identifi ed by examining addi-
tional views, complementary imaging modalities, or source 
images [ 22 ].  

    Magnetic Resonance Angiography 
 Three-dimensional gadolinium-enhanced magnetic reso-
nance angiography (MRA) offers an increasingly common 
noninvasive option to assess the peripheral vasculature with-
out the need for sedation, catheterization, ionizing radiation, 
or iodinated contrast agents. The sensitivity and specifi city 
for the detection of greater than 50 % arterial stenoses or 
occlusions using this modality exceed 90 % [ 23 – 25 ]. Owen 
and colleagues [ 26 ] conducted a prospective comparative 
study of 30 patients who underwent both MRA and contrast 
angiography. Evaluation of 390 arterial segments in these 
patients demonstrated a higher sensitivity in distal segments 
(92–96 %) compared with more proximal segments (69–
79 %). Specifi city was similar in both distal (90–91 %) and 
proximal segments (86–96 %). 

 Magnetic resonance angiography generates a three- 
dimensional data set that can be reformatted to reproduce 
digital subtraction angiography-like vascular images that 
feature details pertinent to prognosis and treatment planning, 
including those related to the thrombus characteristics, 
plaque composition, presence of dissection, or extent of arte-
rial wall infl ammation. An MRA’s ability to image arteries 
and the surrounding musculoskeletal structures also makes it 
ideal for evaluating patients with popliteal artery entrapment 
syndrome. 

 There is increasing evidence to suggest that some patients 
with renal failure who are exposed to gadolinium-based mag-
netic resonance imaging contrast agents may develop a rare 
but serious fi brosing disorder referred to as nephrogenic sys-
temic fi brosis (NSF). This disorder is characterized by hard-
ening of the skin and development of fi brotic nodules and 
plaques. In its most severe form, NSF may result in systemic 
fi brosis affecting solid organs such as the lungs, heart, and 
liver [ 27 ,  28 ]. Current clinical guidelines advise against the 
use of gadolinium in patients with an eGFR less than 30 ml/
kg/min. An MRA is also not appropriate for claustrophobic 
patients or patients with pacemakers or metallic implants.  

    Contrast Angiography 
 Digital subtraction angiography (DSA) remains the gold 
standard imaging modality in peripheral vascular surgery. 
Angiography should usually be reserved for patients who are 
expected to undergo attempted revascularization. The exam 
begins with percutaneous needle access to the common fem-
oral artery in the contralateral limb to allow complete imag-
ing of the infl ow, diseased segment, and outfl ow vessels. 
DSA involves the generation of fl uoroscopic images by sub-
tracting a pre-contrast image from images taken after the 
administration of an intra-arterial contrast medium, thereby 
producing a net image showing only contrast-fi lled blood 
vessels. The combination of excellent spatial and temporal 
resolution and a large fi eld of view allows for rapid imaging 
of the entire peripheral arterial tree. A complete evaluation 
of the aorta, iliac, femoral, popliteal, and tibioperoneal ves-
sels may be performed simultaneously or, more commonly, 
sequentially with overlapping runs. In addition, the presence 
and extent of collateral blood fl ow can be readily evaluated 
with this form of imaging. In some cases, measuring the 
pressure gradients across an arterial lesion (usually in the 
aortoiliac segment) can increase the arteriogram’s sensitivity 
and gauge the response to intervention. Hemodynamically 
signifi cant lesions have a resting systolic pressure gradient 
which exceeds 20 mmHg. 

 The clinical utility of angiography must be balanced 
against the fact that it represents an invasive form of imaging. 
Angiography requires arterial access, ionizing radiation, and 
nephrotoxic contrast exposure. Potential complications of 
angiography include distal atheroembolization, arterial dis-
section, and access site complications (e.g., pseudoaneurysm, 
hematoma, thrombosis, arteriovenous fi stula). DSA imaging 
requires a stationary target, and any patient movement will 
produce signifi cant artifact. Optimizing technical factors such 
as frame rate, contrast injection volume, and C-arm projec-
tion angle will also produce the highest-quality images.   

    Cardiac Risk Stratifi cation 

 Cardiovascular events are the most signifi cant complication 
in patients undergoing vascular surgery. Lower extremity 
revascularization is classifi ed as a high-risk surgery according 
to the ACC/AHA preoperative assessment guidelines and car-
ries a combined incidence of cardiac death and nonfatal myo-
cardial infarction of greater than 5 % [ 2 ]. The increased rate 
of cardiovascular complications stems from the fact that 
patients in need of revascularization belong to a subgroup of 
high-risk patients who have a corresponding high incidence 
of CAD and left ventricular systolic dysfunction compared to 
matched controls [ 29 – 31 ]. Additional clinical predictors of 
increased perioperative cardiovascular risk include unstable 
coronary syndromes, decompensated congestive heart failure, 
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signifi cant arrhythmias, and severe valvular heart disease [ 32 ]. 
In this patient population with compromised baseline cardiac 
function, physiologic stressors associated with vascular sur-
gery such as blood loss, volume shifts, and hemodynamic 
fl uctuations may have a greater impact which further increases 
their risk of perioperative myocardial ischemia. 

 The 2007 ACC/AHA guidelines recommend that the esti-
mation of perioperative risk should integrate major, intermedi-
ate, and minor predictors of cardiac risk, functional capacity, 
surgery-specifi c risk, and, when indicated, the results of non-
invasive tests, including stress testing and echocardiography 
(Table  7.2 ) [ 1 ,  32 ]. This systematic approach subjects only a 
minority of patients ultimately to invasive preoperative evalu-
ation, while some patients can forego noninvasive evaluation 
completely. According to the ACC/AHA guidelines, patients 

without active cardiac symptoms scheduled for low-risk 
vascular surgery and those with good functional capacity 
require no preoperative testing beyond a 12-lead electrocar-
diogram [ 2 ,  33 ]. Patients with poor or unknown functional 
capacity or cardiac symptoms are managed according to the 
number of clinical risk factors. Patients with one or two risk 
factors can proceed with surgery unless testing will alter man-
agement, whereas noninvasive testing is generally recom-
mended for patients with three or more risk factors. Additional 
evaluation allows refi nement of the initial risk estimate and 
may include exercise or pharmacologic stress testing, resting 
echocardiography, and/or preoperative cardiac catheterization 
and coronary revascularization. The aforementioned guide-
lines are based on preoperative evaluation of patients undergoing 
elective surgery. Patients requiring urgent or emergent vascu-
lar procedures are unlikely to derive benefi t from delaying 
surgery for additional testing and medical management and 
should proceed directly to surgery.

        Treatment 

 Information pertaining to the natural history of non- 
revascularized lower extremities in patients with CLI is 
extrapolated from the placebo arms of pharmacotherapy tri-
als performed on patients with unreconstructable peripheral 
arterial occlusive disease. Unlike the often benign nature of 
intermittent claudication, nearly 40 % of patients with CLI 
will progress to amputation within 6 months in the absence 
of revascularization [ 34 ]. Given this dismal prognosis, revas-
cularization plays a prominent role in the overall treatment 
plan for functional patients with CLI (Fig.  7.2 ). The primary 
treatment goals for CLI include relief of ischemic rest pain, 
healing of ischemic ulcers, limb salvage, improvement of 
patient function and quality of life, and increased survival. 

   Table 7.2    Clinical predictors of cardiac risk   

 Major  Unstable coronary syndromes 
 Unstable or severe angina 
 Recent myocardial infarction 
 Decompensated heart failure 
 Signifi cant arrhythmias 
 Severe valvular disease 

 Intermediate  History of heart disease 
 History of compensated or prior heart failure 
 History of cerebrovascular disease 
 Diabetes mellitus 
 Renal insuffi ciency 

 Minor  Advanced age (>70 years) 
 Abnormal electrocardiogram, 

 e.g., left ventricular hypertrophy, ST-T 
abnormalities 

 Rhythm other than sinus 
 Uncontrolled systemic hypertension 

  Modifi ed from Fleisher et al. [ 32 ]  

  Fig. 7.2    Algorithm for managing patients with 
critical limb ischemia       
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Concomitant medical therapy provides an important adjunct 
to revascularization as it plays an essential role in controlling 
ischemic neuropathy, treating or preventing coexisting infec-
tions in critically ischemic lower extremities, halting pro-
gression of systemic atherosclerosis, and managing the 
underlying cardiovascular risk profi le of patients.

   It is important to emphasize that medical and surgical 
treatments for CLI are not mutually exclusive. In fact, it is 
imperative that all patients with CLI receive medical therapy, 
whether or not they are candidates to undergo invasive revas-
cularization. To the extent possible, patients should commit 
to regular exercise, healthy eating habits, and aggressive risk 
factor modifi cation, including smoking cessation, blood 
pressure control, reduction in fasting blood glucose levels, 
and lipid-lowering therapy, as indicated. Antiplatelet and 
statin therapy also appears to be benefi cial. Strict compliance 
with medical therapy will have a profound impact on the 
patient’s prognosis and the ultimate success of any revascu-
larization strategy. 

    Revascularization 

 Despite a paucity of level I evidence to support proposed 
treatment algorithms in PAD, surgical bypass has long been 
considered the gold standard method of revascularization 
across the PAD spectrum. Continued development of 
catheter- based technology has expanded the revasculariza-
tion options such that endovascular intervention is now 
 considered to be a suitable primary therapeutic alternative. 
The utilization of one approach over another may refl ect a 
generational change in the treatment of lower extremity isch-
emia, with recently trained vascular surgeons performing a 
disproportionately higher number of endovascular proce-
dures compared to their older colleagues. The role of endo-
vascular therapy in the treatment of CLI continues to evolve, 
and its ultimate role will be determined by ongoing technical 
refi nements, growing clinical experience, and the clarifi cation 
of long-term outcomes and costs. 

 The Bypass versus Angioplasty in Severe Ischemia of the 
Leg (BASIL) trial is the only randomized controlled trial to 
date comparing the effi cacy of balloon angioplasty-fi rst ver-
sus bypass surgery-fi rst treatment strategies in patients with 
CLI [ 35 ]. In their initial 2005 report, BASIL investigators 
noted no difference in short-term clinical outcomes but did 
fi nd that surgery was associated with increased morbidity 
(57 % vs. 41 %) and greater expense during the fi rst 12 
months. Post hoc analysis showed that beyond 2 years from 
intervention, patients initially randomized to bypass surgery 
were more likely to be alive and without limb amputation. To 
further explore this fi nding, patients were monitored for an 
additional 2.5 years and analyzed on an intent-to-treat basis, 
and results were published in 2010 as an extension of the 

BASIL study [ 36 ]. This analysis revealed that patients who 
survived for 2 years and who were initially randomized to 
bypass surgery gained a signifi cant 7.3 months (95 % CI, 
1.2–13.4 months,  P  = 0.02) of additional life expectancy and 
an additional nearly signifi cant 5.9 months (95 % CI, 0.2–
12.0 months,  P  = 0.06) of amputation-free survival over the 
subsequent follow-up period compared to those initially ran-
domized to the angioplasty-fi rst treatment strategy. 

 It is important to note several limitations in the BASIL 
study. First, the study cohort in the BASIL trial was limited 
to those with CLI due to infrainguinal occlusive disease. 
Results in such patients cannot be generalized to those with 
CLI resulting from aortoiliac occlusive disease. Second, the 
BASIL trial began its 5-year enrollment in 1999, and the 
results must be interpreted with caution given that over a 
decade of technological advancement has passed since the 
study began. Moreover, stenting of the infrainguinal arteries 
was not considered standard of care in the United Kingdom 
at the time of the trial, evidenced by the fact that only 9 out 
of 224 patients randomized to the angioplasty-fi rst strategy 
had angioplasty combined with stent placement. 

 The updated ACC/AHA guidelines for the management 
of PAD stem from the BASIL trial and are consistent with 
recommendations made by the BASIL trial investigators [ 33 ]. 
Patients with CLI who have a life expectancy or course of 
disease projected to exceed 2 years are probably better served 
with a bypass surgery-fi rst strategy, preferably using autoge-
nous vein. Those with CLI who have a life expectancy of less 
than 2 years, and potentially those who do not have autoge-
nous vein for use as a conduit, are probably better served with 
an angioplasty-fi rst strategy given that their limited survival 
precludes them from achieving the potential longer-term ben-
efi ts of surgery. Moreover, patients deemed to have limited 
preoperative survival may be more vulnerable to suffer post-
operative morbidity and mortality, thereby making the less 
expensive, minimally invasive nature of endovascular therapy 
a more appropriate option in this subgroup of patients. 

 Determining the optimal method of revascularization in 
CLI is based on a balance between the risks of the specifi c 
intervention and the degree and durability of improvement 
that can be expected from the intervention [ 1 ]. The effi cacy 
of any revascularization attempt depends on the arterial 
infl ow, distal outfl ow, size and length of the diseased arterial 
segment, degree of systemic disease, and type of procedure 
performed. Adequate infl ow and suffi cient outfl ow are essen-
tial in order to maintain long-term patency of any arterial 
reconstruction. Among patients with concomitant infl ow 
(suprainguinal) and outfl ow (infrainguinal) disease, the 
ACC/AHA guidelines recommend that infl ow lesions be 
treated fi rst independent of the chosen treatment strategy [ 2 ]. 
Subsequent revascularization of outfl ow disease is indicated 
if the ABI remains less than 0.8 in the presence of ongoing 
infection, ischemic ulcers, or gangrene. 
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 The Lower Extremity Grading System (LEGS) score 
offers an outcome-based standardization tool for lower 
extremity arterial interventions in patients with either claudi-
cation or CLI [ 37 ]. The score consists of fi ve objective crite-
ria: angiographic pattern of disease, presenting complaints, 
functional status of the patient, medical comorbidities, and 
technical factors. The composite LEGS score determines the 
recommended interventional treatment strategy which may 
involve endovascular therapy, open surgery, or major limb 
amputation. Prospective studies demonstrated that patients 
treated according to the LEGS algorithm had higher rates of 
limb salvage, patency of arterial reconstruction, and mainte-
nance of ambulation compared to those treated with strate-
gies contrary to LEGS. 

 Patients with claudication generally have superior patency 
rates compared to patients with CLI across nearly all forms 
of arterial reconstruction for chronic lower extremity arterial 
disease. Since claudicants have less severe arterial occlusive 
disease and longer life expectancy relative to those with CLI, 
these patients tend to contribute more to data directed at 
long-term clinical outcomes. As a result, studies focused pri-
marily on cohorts with low-risk claudicants will report dis-
proportionately better patency and survival data compared to 
those limited to higher-risk patients with CLI. Most studies 
report success of revascularization as a function of primary 
patency, implying uninterrupted patency without the need 
for re-intervention, or secondary patency, defi ned as patency 
of the initially treated vessel following a re-intervention to 
restore patency after occlusion. 

    Aortoiliac (Suprainguinal) Revascularization 
 Severe aortoiliac occlusive disease has been traditionally 
treated using a variety of open surgical approaches, includ-
ing aortobifemoral bypass, aortoiliac endarterectomy, ilio-
femoral bypass, and extra-anatomic bypass. Of these, 
aortobifemoral bypass has long been considered to be the 
gold standard treatment for hemodynamically signifi cant 
aorto-bi-iliac disease in low-risk patients given its safety and 
effi cacy (mortality rate less than 5 %; 5-year patency rates 
greater than 80 %) [ 38 – 41 ]. The bifurcated bypass graft in 
this procedure originates from the infrarenal abdominal aorta 
and routes one limb to each femoral artery via either a trans-
peritoneal or retroperitoneal approach. A preoperative CTA 
is essential to assess the calcium and thrombus content of the 
proximal aorta. An aorta with thrombus and plaque extend-
ing to the level of renal arteries requires a proximal thrombo-
endarterectomy with a suprarenal aortic clamp in place and 
the renal arteries controlled with clamps or vessel loops. 
Once the proximal aortic cuff has been cleared, the clamp 
can be moved to an infrarenal position and the proximal 
anastomosis can be performed in an end-to-end or end-to- 
side fashion. An end-to-end confi guration is favored when 
the aorta is completely occluded to the level of the renal 
arteries or when severe aortic calcifi cation precludes safe 

placement of a side-biting clamp. Aortic occlusive disease 
associated with aneurysmal dilatation also requires an end-
to- end reconstruction. An end-to-side confi guration has the 
advantage of maintaining pelvic perfusion in patients with 
occluded or diseased bilateral external iliac arteries. 
Preserving distal aortic fl ow may also be important in 
patients with a large patent inferior mesenteric artery or 
accessory renal arteries arising from the infrarenal aorta. The 
presence of femoral artery occlusive disease requires the 
addition of a common femoral endarterectomy and profun-
doplasty. Late complications include graft thrombosis 
(5–30 %), graft infection (0.5–3.0 %), aortoenteric fi stula 
(<3 %), and anastomotic pseudoaneurysm (1–5 %), which is 
more common in patients with an end-to-side anastomosis. 

 More recently, a laparoscopic aortobifemoral bypass has 
been described as a less invasive alternative to open surgery. 
Tiek et al. [ 42 ] conducted a multicenter randomized con-
trolled trial of 28 patients with TASC C or D aortoiliac 
occlusive lesions who underwent either open or laparoscopic 
aortobifemoral bypass. The laparoscopic group had a shorter 
mean hospital length of stay (5.5 vs. 13.0 days), earlier return 
to normal daily activities, and fewer postoperative complica-
tions compared to the open group. While early studies con-
fi rmed the safety of the laparoscopic aortobifemoral bypass, 
it has not been widely performed and the long-term patency 
of this approach remains unclear. Future studies may help 
determine whether laparoscopic aortic surgery is appropriate 
for a subset of patients with aortoiliac occlusive disease. 

 Prior to the availability of prosthetic graft material in the 
1970s, aortoiliac endarterectomy served as the standard 
procedure for the treatment of aortoiliac occlusive disease. 
In a large single-center series of patients who survived over 
a decade after undergoing either aortoiliac endarterectomy 
( n  = 39) or aortobifemoral bypass ( n  = 166), 10-year pri-
mary patency rates were 89 % for aortoiliac endarterec-
tomy and 78 % for aortobifemoral bypass [ 43 ]. Graft 
infection or aneurysmal formation occurred in 5 % of aorto-
bifemoral bypass cases. Aortoiliac endarterectomy has the 
advantage of potentially avoiding the need for prosthetic 
material; however, external iliac arteries often prove diffi cult 
to endarterectomize. Investigators therefore concluded that 
aortoiliac endarterectomy is preferable to aortobifemoral 
bypass in the following circumstances: (1) patients whose 
aortoiliac occlusive disease does not involve the external 
iliac arteries; (2) male patients with aortoiliac occlusive 
disease who, in addition to claudication, have erectile dys-
function and stenotic internal iliac origins; (3) patients with 
aortoiliac disease including the external iliac arteries who 
are not candidates for aortobifemoral bypass because of 
infection risk or small vessels; (4) patients with localized 
aortoiliac disease; and (5) patients after removal of an 
infected aortobifemoral bypass graft (with or without an 
enteric fi stula) that had initially been placed end to side for 
aortoiliac occlusive disease. 
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 Iliofemoral bypass and femorofemoral crossover bypass 
are additional open surgical options in patients with aortoil-
iac occlusive disease and are typically indicated in patients 
with unilateral iliac disease or in patients deemed not suit-
able for aortobifemoral bypass. In cases of bilateral iliac dis-
ease, a femorofemoral bypass may also be constructed as an 
adjunct to aortoiliac endarterectomy, iliofemoral bypass, or 
successful unilateral iliac angioplasty and stenting. 
Iliofemoral bypass appears to be a safe, effective, and dura-
ble bypass. Carsten and colleagues [ 44 ] reported a 10-year 
experience comprising 40 patients who underwent iliofemo-
ral bypass grafting for unilateral aortoiliac disease, 58 % of 
whom had CLI. There were no perioperative deaths in their 
series, and limb salvage rates in patients with CLI were 85 
and 79 % at 1 and 5 years. In addition, a multicenter random-
ized trial involving 143 patients with TASC type C or D aor-
toiliac lesions found that late patency was higher after direct 
iliofemoral bypass compared to femorofemoral crossover 
bypass in good-risk patients with unilateral iliac occlusive 
disease not amenable to angioplasty (93 % vs. 73 %). This 
study underscores the effectiveness of iliofemoral bypass, 
and the authors concluded that crossover bypass grafting 
should be reserved for high-risk patients with unilateral iliac 
occlusion not amenable to percutaneous intervention. 

 Axillofemoral-femoral bypass consists of a prosthetic 
bypass originating from the axillary artery and tunneled sub-
cutaneously to the ipsilateral femoral artery with an exten-
sion crossing over to the other femoral artery. The primary 
advantage of this bypass rests in its ability to achieve lower 
extremity arterial infl ow without opening a body cavity or 
incurring a large blood loss or fl uid shift. The procedure can 
be done under local anesthesia if necessary, and its minimal 
physiologic impact makes it ideal for critically ill patients 
who require arterial infl ow for limb salvage. It is important to 
measure blood pressure in both arms before choosing the 
donor axillary artery. Various confi gurations of grafts have 
been used, but none seems to provide a signifi cant advantage 
over the others. 

 Although axillofemoral-femoral bypass represents a 
hemodynamically inferior form of arterial reconstruction, it 
can achieve a reasonable rate of patency and limb salvage for 
a challenging subset of high-risk patients. Schneider and col-
leagues [ 45 ] reported primary patency rates of 63 % for axil-
lofemoral bypass and 85 % for aortofemoral bypass 
( p     = 0.032), with similar trends observed in secondary 
patency (74 % vs. 94 %,  p  < 0.001). Limb salvage at 3 years 
was 76 % for axillofemoral bypass versus 97 % for aorto-
femoral bypass ( p  = 0.065). As expected with the cohort of 
higher-risk patients, survival at 3 years was signifi cantly 
lower in those who underwent axillofemoral bypass com-
pared to aortofemoral bypass (35 % vs. 91 %,  p  < 0.001). 

 Less frequently used extra-anatomic bypasses include the 
obturator bypass and thoracic aorta to bifemoral (thoracobi-
femoral) bypass. An obturator bypass avoids an infected or 

heavily fi brotic groin to provide lower extremity infl ow in the 
setting of unilateral iliac artery occlusion. Thoracobifemoral 
bypass can provide bilateral lower extremity arterial infl ow 
in patients with a hostile abdomen or multiple previous 
abdominal aortic procedures. 

 A recent review encompassing 45 studies and more than 
35 years of experience with direct anatomic open surgical 
revascularization (excluding extra-anatomic reconstruction) 
for lower extremity arterial occlusive disease found that aor-
toiliac endarterectomy was associated with signifi cantly 
lower perioperative local (3.3 %) and systemic (12.5 %) 
complications and mortality (2.7 %) compared to either aor-
tofemoral or iliofemoral bypass grafting [ 46 ]. All three direct 
revascularization techniques in their analysis proved to be 
equally effective in terms of 5-year primary patency. The 
severity of aortoiliac disease infl uenced the long-term 
patency following these procedures, with claudication 
patients experiencing signifi cantly improved 5-year primary 
patency rates in all three operative approaches compared to 
patients with CLI (aortobifemoral bypass, 90 % vs. 80 %; 
iliofemoral bypass, 87 % vs. 74 %; and aortoiliac endarterec-
tomy, 91 % vs. 82 %). 

 Advances in endovascular therapy have made it an attrac-
tive intervention for lower extremity arterial disease that is 
associated with high technical success rates and low morbid-
ity. Balloon angioplasty and stenting now represents the pri-
mary treatment modality in an ever-expanding array of 
aortoiliac occlusive lesions. Endovascular therapy for CLI 
attempts to improve arterial infl ow to the infrapopliteal ves-
sels by means of revascularization of the aortoiliac and femo-
ropopliteal arterial segments. Ideally, endovascular 
intervention establishes uninterrupted, straight-line fl ow to at 
least one tibial artery that supplies the area of the foot that has 
rest pain or tissue loss [ 47 ]. In contrast to treatment of patients 
with intermittent claudication, the goal of endovascular ther-
apy for CLI is to simply maintain patency of the occlusive 
lesion until the area of lower extremity tissue loss is fully 
healed. Once wound healing is complete, the metabolic 
demands sharply decrease, and less blood fl ow will be 
required to maintain tissue integrity as opposed to the height-
ened demands required during the healing phase. Any future 
restenosis of the treated occlusive lesion is likely to be clini-
cally silent in the healed limb. As a result, most studies to date 
report a similar rate of limb salvage with either surgical or 
endovascular revascularization despite the superior patency 
rates observed with open surgical bypass procedures. 

 A recent systematic review analyzing 19 nonrandomized 
cohort studies involving 1,711 patients confi rmed the safety 
and effi cacy of endovascular treatment for extensive aortoil-
iac occlusive disease [ 48 ]. Technical success, most com-
monly defi ned as less than 30 % residual diameter stenosis 
and/or residual trans-lesion pressure gradient of less than 
5–10 mmHg, ranged from 86 to 100 %. Reasons for techni-
cal failure included inability to cross an occluded arterial 
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segment, thrombosis following recanalization, or iliac artery 
rupture. One-year primary and secondary patency ranged 
from 70 to 97 % and 88 to 100 %, respectively, and clinical 
symptomatic improvement was reported in 83–100 % of 
patients across all studies. Longer-term (4- or 5-year) pri-
mary and secondary patency rates ranged from 60 to 86 % 
and 80 to 98 %, respectively. Nearly two-thirds of the studies 
in this review reported a perioperative morality rate of 0 %, 
with the remaining seven studies citing a mortality rate of 
1.2–6.7 %. The rate of perioperative morbidity varied con-
siderably across studies, ranging from 3 to 45 %, and con-
sisted of access site hematomas (range, 4–7 %), arterial 
dissections (2–5 %), distal embolization (1–11 %), pseudoa-
neurysms (0.5–3 %), and iliac artery or aortic ruptures 
(0.5–3 %). The majority of complications were treated using 
percutaneous or noninvasive techniques, including covered 
stent placement, percutaneous thrombus aspiration, and 
thrombolysis. 

 A retrospective review of 86 patients (161 limbs) who 
underwent aortobifemoral ( n  = 75) or iliofemoral ( n  = 11) 
bypass and 83 patients (127 limbs) who underwent percuta-
neous transluminal angioplasty and stenting of aortoiliac 
lesions found that the results of endovascular therapy rivals 
that of open arterial reconstruction [ 49 ]. The most common 
method of endovascular recanalization in this series was 
either intraplaque or subintimal passage of a hydrophilic 
wire and catheter through an antegrade or retrograde 
approach. The patients in both treatment groups had similar 
TASC lesion stratifi cations, and 40 % of cases were per-
formed for either rest pain or tissue loss. Limb-based pri-
mary patency at 3 years was signifi cantly higher for 
aortobifemoral bypass compared to endovascular therapy 
(93 % vs. 74 %,  p  = .002); however, secondary patency rates 
(97 % vs. 95 %), limb salvage (98 % vs. 98 %), and long- 
term survival (80 % vs. 80 %) were similar for open and 
endovascular techniques.  

    Infrainguinal Revascularization 
 Open surgical bypass using autogenous vein remains the gold 
standard revascularization strategy for patients with CLI due 
to infrainguinal disease. The ACC/AHA guidelines [ 2 ] made 
the following recommendations when surgery is performed 
for infrainguinal occlusive disease: (1) bypass to the above-
knee or below-knee popliteal artery should use autogenous 
vein, if possible; (2) a distal bypass should originate at the 
most distal artery having continuous fl ow and with less than 
20 % stenosis, with the distal anastomosis occurring at the 
site of whichever tibial or pedal artery can provide continuous 
fl ow to the foot; (3) femorotibial bypasses should use autog-
enous vein, such as the ipsilateral great saphenous vein, or, 
alternatively, other superfi cial veins from the leg or arm; (4) 
in the absence of available autogenous vein, a femorotibial 
bypass with prosthetic graft with or without an adjunctive 

procedure, such as arteriovenous fi stula or vein interposition 
or cuff, may be considered. 

 A femoropopliteal bypass is indicated in patients with 
CLI who have severe stenosis or occlusion involving the 
superfi cial femoral artery or proximal popliteal artery. The 
construction of this form of bypass requires that the patent 
portion of popliteal artery that serves as the site of distal 
anastomosis is in direct luminal continuity with one or more 
of the tibioperoneal arteries. Femoropopliteal bypass grafts 
are typically referred to as either above knee or below knee 
based on the location of the distal anastomosis. A random-
ized controlled trial comparing the use of vein versus polytet-
rafl uoroethylene (PTFE) for above-knee femoropopliteal 
bypass grafts found that a bypass with saphenous vein had 
better patency rates at all intervals and required fewer reop-
erations [ 50 ]. Five-year primary patency rates were 76 % for 
venous bypass grafts and 52 % for PTFE grafts, whereas sec-
ondary patency rates were 80 % for vein and 57 % for PTFE 
grafts. A systematic review of 25 articles published from 
1966 to 2002 found similar results regarding superior patency 
at all time intervals with the use of autogenous vein in above- 
knee femoropopliteal bypass procedures [ 51 ]. The 2-year 
primary patency rate of venous bypasses was 81 % compared 
to 67 % for PTFE bypasses, and after 5 years, primary 
patency rates were 69 and 49 %, respectively. While PTFE 
may serve as a reasonable alternative when vein is absent or 
not suitable, the authors concluded that a venous bypass 
should be chosen at all times in femoropopliteal bypasses 
even in patients with limited life expectancy. The use of 
prosthetic grafts are generally avoided in below-knee 
bypasses owing to the potential for bending and kinking of 
the graft as it crosses the knee joint. 

 Nearly 30 % of occlusive lesions in CLI are limited to the 
tibioperoneal arteries, with such lesions commonly associ-
ated with diffuse disease and long-segment stenoses and 
occlusions [ 52 ]. A distal bypass from the femoral artery to 
the infrapopliteal vessels has inferior patency compared to 
more proximal lower extremity bypasses and should only be 
performed in cases where femoropopliteal bypass is either 
not feasible or fails to provide direct fl ow into patent runoff 
vessels. The selection of which outfl ow vessel to use for the 
distal anastomosis of an infrapopliteal bypass depends on the 
overall quality of the vessel, with preference given to which-
ever artery has direct continuity to the foot. The anterior and 
posterior tibial arteries are generally favored over the pero-
neal artery for the infrapopliteal anastomosis given that the 
peroneal is frequently smaller, more diffi cult to expose, and 
anatomically not directly continuous with the pedal arteries. 

 A recent meta-analysis involving 31 series of patients 
with CLI undergoing infrapopliteal bypass surgery with 
autogenous vein revealed 5-year primary patency, secondary 
patency, and limb salvage rates of 63, 71, and 78 %, respec-
tively [ 53 ]. In addition, Okazaki et al. [ 54 ] reported their 
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experience with 63 infrapopliteal bypasses performed in 
patients with CLI, including 57 with autogenous vein and 6 
with composite graft. The primary graft patency, secondary 
graft patency, amputation-free survival, and overall survival 
were 73.7, 82.4, 84.7, and 88.1 %, respectively, at 1 year and 
65.4, 76.3, 71.0, and 74.6 % at 3 years. Experience with infr-
apopliteal revascularization for CLI using PTFE demon-
strated a much lower primary patency of 12–41 % at 3–5 
years and a limb salvage rate of 37 % [ 55 ,  56 ]. As a result, 
prosthetic bypass grafts are avoided in infrapopliteal 
bypasses except as a last resort for limb salvage in patients 
who lack any available autologous vein. 

 A risk-adjusted analysis from the National Surgical 
Quality Improvement Program, a prospective, validated 
database collected between 2005 and 2008 from 211 hospi-
tals, identifi ed predictors of early graft failure after infrain-
guinal bypass surgery [ 57 ]. Of 9,217 procedures in the 
analysis, 49 % were performed for limb salvage, 43 % 
required a distal anastomosis to an infrapopliteal vessel, and 
32 % involved the use of a prosthetic conduit. Multivariate 
predictors of graft failure within 30 days included female 
gender, limb salvage as the indication for procedure, infrap-
opliteal anastomosis, composite graft, current smoking, 
impaired sensorium, emergency procedure, previous vascu-
lar procedure, and platelets greater than 400,000. A separate 
analysis of 2,404 infrainguinal bypass surgeries (infrapopli-
teal distal anastomosis, 42 %; prosthetic conduit, 29 %) 
revealed an overall mortality of 2.7 % which correlated with 
patient age, lower body weight, signifi cant preoperative dys-
pnea, dialysis, previous transient ischemic attack, and bleed-
ing disorder [ 58 ]. Major systemic complications occurred in 
5.9 % of patients and were associated with advanced age, 
previous myocardial infarction, dialysis, impaired senso-
rium, and general anesthesia. Knowledge of predictors of 
bypass failure gained from these studies may be incorporated 
into the clinical decision-making process for interventions 
on patients with CLI. 

 The success of endovascular treatment for aortoiliac dis-
ease has paved the way for increasing utilization of endo-
vascular therapy in patients with infrainguinal occlusive 
disease. Conrad and colleagues [ 59 ] recently reported their 
experience with infrapopliteal angioplasty in 144 patients, 
86 % of whom suffered from CLI. The investigators utilized 
a modifi ed TASC classifi cation for tibioperoneal occlusive 
disease. Despite 74 % of infrapopliteal lesions being classi-
fi ed as either TASC type C (39 %) or D (35 %), technical 
success was 95 %. The 40-month actuarial primary patency 
was 62 %, and primary-assisted patency was 90 %. Fifteen of 
42 unhealed ulcers (13 %) following angioplasty required 
major amputations, resulting in a 40-month limb salvage 
rate of 86.2 %. A meta-analysis targeting comparative out-
comes of angioplasty of infrapopliteal arteries ( n  = 2,557) 
and popliteal- to-distal surgical bypass in patients with CLI 

noted more mixed results. Primary and secondary patency 
rates at three years were notably higher in the surgical 
bypass group relative to the angioplasty group (72.3 % vs. 
48.6 % and 76.7 % vs.62.9 %, respectively); however, these 
differences in patency data failed to yield any appreciable 
change in limb salvage rates at 3 years between groups 
(82.4 % vs. 82.3 %). 

 The decision regarding initial treatment strategy for infr-
apopliteal revascularization depends on the relative favor-
ability of available open and endovascular options. Specifi c 
atherosclerotic disease    characteristics such as the length of 
stenotic or occlusive lesion(s), quality of infl ow and outfl ow 
vessels, local and systemic risk factors, and the availability 
of autogenous conduit factor into the decision-making pro-
cess. Equally important is defi ning the primary objective for 
each individual patient with CLI. For many patients, healing 
of an ischemic ulcer and limb salvage are of greater qualita-
tive and prognostic value than the long-term patency of a 
bypass or endovascular intervention. If both open and endo-
vascular treatment approaches are technically feasible and 
estimated to achieve the primary objective, the low-risk, 
minimally invasive nature of endovascular therapy makes it 
a reasonable fi rst choice. 

 In addition to angioplasty and stenting, there are other 
evolving endovascular adjunctive therapies used in the 
treatment of CLI (Table  7.3 ). Multiple endovascular tech-
niques can be used to cross a stenotic or occlusive lesion. 
Endovascular principles mandate that true intraluminal 
access must be obtained both proximal and distal to the 
lesion. Subintimal recanalization, also referred to as percuta-
neous intentional extraluminal and subintimal angioplasty, 
can be used in the treatment of chronic arterial occlusions 
that do not respond to conventional angioplasty [ 60 ,  61 ]. 
This technique involves the intentional passage of a guide-
wire into the subintima of the artery immediately proximal to 
the occlusion, thereby creating a controlled dissection plane. 
The guidewire is advanced distally through the dissection 

   Table 7.3    Endovascular options for lower extremity revascularization   

  Percutaneous transluminal balloon angioplasty  
 Endoluminal stent 

 Self-expandable versus balloon-expandable stent 
 Bare metal versus covered stent 

 Adjunctive techniques 
 Atherectomy 
 Cryoplasty 
 Subintimal recanalization 
 Aspiration thrombectomy 
 Cutting balloon 
 Reentry catheters 
 Retrograde recanalization 
 Crosser catheter 
 Frontrunner catheter 

7 Critical Limb Ischemia



112

plane and reenters the true lumen of the patent distal artery 
beyond the occlusion. Balloon angioplasty is subsequently 
performed within the subintimal space, thereby generating a 
subintimal bypass parallel to the occluded arterial segment. 
This technique is particularly effi cacious in the setting of 
long-segment (>15 cm) occlusions, highly calcifi ed occlu-
sions, and diffuse tandem lesions, each representing a form 
of complex arterial occlusive disease associated with 
decreased success using traditional transluminal balloon 
angioplasty [ 62 ].

   Although subintimal recanalization is an established 
technique in the treatment of femoropopliteal occlusions, 
limited experience exists in patients with infrapopliteal disease. 
A recent 8-year experience of 120 patients with TASC type C 
or D lesions in the femoral artery distribution demonstrated 
a technical success rate of 91 % [ 63 ]. Primary and secondary 
patency rates at 1 year were 73 and 85 %, respectively, with 
a 1-year limb salvage rate of 98 %. Tartari and colleagues 
[ 64 ] examined the outcomes of 117 subintimal recanaliza-
tion procedures in patients with CLI, including 27 patients 
with superfi cial femoral artery occlusion and 82 patients 
with infrapopliteal occlusion. Technical success was slightly 
higher in femoropopliteal lesions (89 %) compared to infrap-
opliteal lesions (83 %). Survival analysis at 6, 12, and 24 
months demonstrated limb salvage rates of 90, 87, and 85 % 
and overall survival rates of 90, 88, and 83 %, respectively. 

 Atherectomy devices utilize plaque excision and other 
athero-ablative techniques to achieve and maintain patency 
in fi brocalcifi c atherosclerotic disease of the infrainguinal 
vessels [ 65 ]. Theoretically, atherectomy avoids the arterial 
wall stretch injury incurred by balloon angioplasty, thereby 
minimizing the rate of restenosis associated with arterial dis-
section and elastic recoil.   

    Nonsurgical Interventions 

    Pharmacologic Therapy 
   Antiplatelet Agents 
 The Antithrombotic Trialists’ Collaboration analyzed the 
results of multiple randomized clinical trials of antiplatelet 
therapy in high-risk patients with cardiovascular disease and 
demonstrated a 23 % reduction in the risk of adverse cardio-
vascular events with the use of antiplatelet therapy in patients 
with PAD [ 66 ,  67 ]. There is no convincing evidence at the 
present time to support the superiority of one antiplatelet agent 
over another. In the CAPRIE study, the use of long- term 
clopidogrel in patients with PAD was more effective than aspi-
rin in reducing the combined risk of ischemic stroke, myocar-
dial infarction, or vascular death [ 68 ]. Results from the 
CHARISMA trial, however, found that clopidogrel plus aspi-
rin was not signifi cantly more effective than aspirin alone in 
reducing the risk of the same adverse cardiovascular events [ 69 ]. 

Moreover, the WAVE trial demonstrated no added benefi t to 
adding warfarin to antiplatelet therapy in patients with PAD, 
but such combination therapy did result in greater risk of life-
threatening hemorrhagic complications [ 70 ]. 

 Based on the available studies to date, the American 
College of Chest Physicians currently recommends single 
rather than dual antiplatelet therapy for the majority of 
patients undergoing either open or endovascular peripheral 
revascularization procedures [ 71 ]. Dual antiplatelet therapy 
is recommended in select cases involving below-knee 
bypass surgery with prosthetic grafts. Long-term aspirin 
(75–100 mg/day) is generally the agent of choice in cases 
requiring single antiplatelet therapy due to lower cost and 
proven benefi ts in reducing myocardial infarction; however, 
clopidogrel (75 mg/day) may be used in subgroups of 
patients unable to tolerate aspirin.  

   Anticoagulation 
 Long-term anticoagulation is not routinely recommended in 
patients following lower extremity revascularization proce-
dures. Unfractionated heparin is commonly used as an adju-
vant treatment during revascularization procedures, but 
currently has only limited utility in the postoperative period. 
Some studies suggest that low molecular weight heparin has 
benefi cial effects on the healing of ischemic ulcers [ 72 ]. 

 The CHEST guidelines recommend single antiplatelet 
therapy over combination antiplatelet and warfarin therapy 
[ 71 ]. In the Dutch Bypass Oral Anticoagulants or Aspirin 
Study, a total of 2,690 patients who had undergone infrain-
guinal grafting were randomly assigned to oral anticoagula-
tion (high-intensity warfarin with target international 
normalized ratio 3.0–4.5) or aspirin (80 mg daily). Oral anti-
coagulation showed better results for the prevention of 
infrainguinal vein-graft occlusion and for lowering the rate 
of perioperative ischemic events, whereas aspirin was better 
for the prevention of non-venous graft occlusion and was 
associated with fewer bleeding episodes [ 73 ]. A separate 
prospective randomized trial found that low-dose warfarin 
therapy provided some benefi t for patients with a femoro-
popliteal prosthetic bypass and for patients with a vein 
bypass at high risk for thrombosis [ 74 ]. However, the addi-
tion of warfarin therapy signifi cantly increased the risk of 
hemorrhagic complications. Given the available data, oral 
anticoagulation should be used only in select patients at high 
risk for graft thrombosis, including those with low fl ow 
velocities and no other options to improve graft fl ow.  

   Cilostazol (Pletal) 
 Cilostazol is a phosphodiesterase inhibitor that acts as a 
direct arterial vasodilator and exerts metabolic and antiplate-
let activity. While no literature to date has shown any benefi t 
in patients with CLI, cilostazol use improves maximal and 
pain-free walking distances among patients with intermittent 
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claudication [ 75 ]. In the absence of heart failure, a therapeutic 
trial of 3–6 months of cilostazol is recommended in patients 
with intermittent claudication, but it is unlikely to produce 
any benefi t in patients with CLI.  

   Prostaglandin E1 
 Prostaglandin E1 (PGE1) is a vasodilator and inhibitor of 
platelet aggregation. The use of prostaglandin has shown 
some evidence of early benefi t in patients with CLI relative 
to wound healing and limb salvage. In a randomized trial 
comparing treatment with intravenous PGE1 versus no treat-
ment with PGE1 in patients with CLI, those who received 
PGE1 were signifi cantly less likely to sustain a combined 
endpoint of death, amputation, persistence of CLI, myocar-
dial infarction, or stroke at time of hospital discharge. This 
benefi t, however, was not sustained long term. The TASC II 
guidelines on the management of PAD do not support the use 
of PGE1 or any other prostanoids for the management of 
claudication or CLI.  

   Other Agents 
 Several studies have evaluated the role of chelation therapy 
omega-3 fatty acids, 5-hydroxytryptamine antagonists, and 
other vasodilators in the treatment of PAD. None of these 
pharmacologic agents have proven effective.   

   Aggressive Wound Care 
   Local Wound Care 
 The principles of wound care include the removal of all 
necrotic tissue, maintaining a local moist environment at the 
wound site, and the treatment and prevention of infection. 
Following local debridement, the selection of dressing 
should be based on wound characteristics, including the 
extent of residual necrotic tissue, amount of exudate, and 
presence of desiccation. A variety of dressings are available 
with some dressings serving to simply provide protection 
while others alter levels of wound hydration. Wet-to-dry 
dressings with sterile saline are the most commonly used 
form of dressing. Varying degrees of success with wound 
healing and limb salvage have been achieved with several 
noninterventional strategies, including the use of sterile 
maggots for debridement, hydrotherapy, negative pressure 
therapy, and hyperbaric oxygen [ 76 – 78 ].  

   Pressure Off-Loading 
 The combination of foot deformity (e.g., claw toe, Charcot’s 
neuroarthropathy), neuropathy, and inadequate off-loading 
of the foot leads to local tissue damage and eventual ulcer-
ation [ 79 ]. Both retrospective and prospective studies have 
reliably demonstrated that increased plantar pressure serves 
as a causative factor in the development of plantar ulcers, 
particularly among diabetic patients, and that ulceration is 
often a precursor to lower extremity amputation [ 80 ,  81 ]. 

In the absence of off-loading, lower extremity ulcers are 
commonly associated with chronically delayed wound heal-
ing independent of the vascular supply to the lower extremity. 
A central goal of any treatment plan designed to heal wounds 
is the effective reduction in pressure on the involved portion 
of the lower extremity, otherwise referred to as pressure 
off- loading. Depending on the wound location and severity 
of underlying ischemia, off-loading may be achieved with 
the use of shoe modifi cations, orthotics, or other casting 
techniques.  

   Pneumatic Compression Boot Therapy 
 Sequential compression biomechanical devices, otherwise 
referred to as pneumatic compression boot therapy, can be 
used as an adjunct to wound care in patients with CLI and 
nonhealing amputation wounds or tissue loss. This form of 
therapy has been shown to improve the likelihood of wound 
healing and limb salvage when conventional revasculariza-
tion strategies have been exhausted. A recent study reported 
encouraging outcomes in 35 patients with non- reconstructable 
CLI who underwent a 12-week treatment protocol of pneu-
matic boot therapy combined with medical treatment [ 82 ]. 
The 90-day mortality rate in this patient group was 0 %, and 
the limb salvage rate at 18 months was 88 %. Mean toe pres-
sures increased from 38 to 67 mmHg. In a separate study, 
Kavros et al. [ 83 ] found that patients with chronic wounds 
attributed to CLI who underwent pneumatic compression 
boot therapy were seven times less likely to require amputa-
tion compared to a similar group of patients who had medi-
cal treatment alone without boot therapy.  

   Prevention and Treatment of Infection 
 Local infection is a serious complication of tissue loss asso-
ciated with CLI. Systemic toxicity in these patients, mani-
fested by fever or elevated infl ammatory serum markers, is 
uncommon. Aggressive and meticulous local wound care 
should aid in both the prevention and early detection of 
infection. Because wound infections are frequently polymi-
crobial, empiric broad-spectrum antibiotics should com-
mence immediately following the clinical diagnosis of 
infection and acquisition of wound cultures. Infections of the 
deep soft tissues of the lower extremity may mandate drain-
age and debridement of all involved tissues.  

   Nutrition 
 Advances in biochemistry have led to the discovery of vita-
min C, zinc, and many other components essential for wound 
healing [ 84 ]. Much of current research efforts aim to deter-
mine which nutritional components can facilitate or enhance 
wound healing through supraphysiological doses, such as in 
the use of the amino acids like arginine and carnitine. The 
importance of nutrition is exemplifi ed by the fact that nearly 
50 % of patients admitted to the hospital are malnourished 
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and require some form of dietary supplementation. Moreover, 
in a prospective study on patients undergoing lower extrem-
ity amputations for CLI, malnourished patients were noted to 
have a higher frequency of impaired wound healing and an 
increased risk of postoperative cardiopulmonary and septic 
complications [ 85 ]. As such, a detailed nutritional assess-
ment and dietary supplementation, if needed, should serve as 
a cornerstone in optimal wound management.   

   Emerging Therapies 
 Therapeutic angiogenesis is a promising new investiga-
tional tool in the management of CLI. Stimulation of angio-
genesis involves the intravenous or intramuscular gene 
transfer of plasmid DNA encoding for angiogenic growth 
factors with the goal of augmenting collateral circulation 
and enhancing overall vascular supply to ischemic areas of 
the lower extremity. The most commonly used growth fac-
tors include vascular endothelium growth factor (VEGF), 
fi broblast growth factor (FGF), hepatocyte growth factor 
(HGF), and angiopoietin 1 (Ang-1). Gene therapy has been 
shown to improve endothelial function, increase fl ow 
reserve, enhance collateralization, facilitate healing of 
ischemic ulcers, and achieve limb salvage for patients with 
CLI [ 86 ,  87 ]. 

 Stem cells also play a potential role in therapeutic angio-
genesis. The differentiation of bone marrow-derived endo-
thelial progenitor cells and the migration and proliferation of 
local endothelial cells promote postnatal neovascularization. 
Circulating levels of endothelial progenitor cells increase in 
response to local ischemia, with various studies indicating 
that these progenitor cells incorporate into the capillaries and 
interstitial arteries in models of limb and myocardial isch-
emia [ 88 ,  89 ]. 

 Spinal cord stimulation was suggested in early uncon-
trolled studies to be effective in reducing ischemic pain and 
preventing or delaying amputation in patients with severe 
PAD [ 90 ]. A more recent study, however, showed no differ-
ence in the rates of survival, need for amputation, or pain 
scores in patients randomly assigned to either best medical 
therapy or best medical therapy combined with spinal cord 
stimulation [ 91 ].   

    Follow-Up 

   Surveillance 
 Patients undergoing surgical or endovascular revasculariza-
tion procedures for CLI should be followed in a clinical sur-
veillance program with the goal of early identifi cation of 
lesions that predispose to graft or in-stent thrombosis. 
Detecting these lesions early provides the opportunity for 
intervention prior to graft or stent occlusion [ 1 ]. Clinical 
surveillance programs should be performed in the immediate 

postoperative period and at regular intervals thereafter, 
typically every 6 months, for a minimum of 2 years. 
The program should include interval history with detailed 
information pertaining to the progression of CLI and the 
onset of new lower extremity symptoms. Vascular examina-
tion should evaluate the pulses proximal to the bypass, in 
the bypass graft, and in the outfl ow vessels. Periodic mea-
surements of resting ABIs should also be performed. 

 There is currently no level I data to support the routine use 
of duplex ultrasound in the surveillance of surgical or endo-
vascular lower extremity revascularizations. Several ran-
domized clinical trials have shown variable results with 
regard to improved graft patency rates in patients undergoing 
routine long-term duplex surveillance; however, no trial to 
date has demonstrated any benefi t relative to rates of limb 
salvage or cost-effectiveness using this surveillance strategy 
[ 92 – 95 ]. Moreover, a randomized trial examining the utility 
of such surveillance methods following endovascular inter-
ventions has yet to be performed. As such, TASC II guide-
lines emphasize the importance of close clinical surveillance 
of patients with CLI undergoing revascularization proce-
dures but do not recommend the use of routine duplex sur-
veillance. Duplex surveillance does have an accepted role in 
defi ned subgroups of patients with “high-risk” grafts, such as 
those with early fl ow disturbances or in those with arm vein 
or spliced vein grafts. 

 Currently available research suggests that a single follow-
 up duplex ultrasound is justifi ed in all patients who have had 
any form of open or endovascular revascularization for CLI 
[ 96 ]. The duplex imaging provides measurement of peak 
systolic velocity and calculates the velocity ratio across all 
lesions. The overwhelming majority of patients will have 
normal duplex fi ndings within the fi rst 6 months of interven-
tion and be suitable for future clinical surveillance only. 
Subsequent clinical deterioration or decreasing ABIs should 
prompt additional screening with duplex ultrasound. Patients 
with abnormal early duplex fi ndings (e.g., global fl ow veloc-
ity less than 45 cm/s, peak systolic velocity greater than 
300 cm/s at any segment, or velocity ratio of more than 3.5 
across an area of stenosis) and patients with high-risk arterial 
reconstructions will likely benefi t from continued routine 
duplex surveillance.  

   Patient-Oriented Outcomes 
 The natural history of CLI is progressive and carries with it a 
signifi cant risk for amputation and death. Patients with CLI 
have the most severe form of PAD characterized by involve-
ment of multiple arterial segments that is particularly pro-
nounced in the infrapopliteal distribution. Based on available 
data, outcomes at 1 year among patients with CLI include the 
following: 25 % will die, 30 % will undergo an amputation, 
and only 45 % will be alive with both lower extremities 
(Fig.  7.3 ) [ 2 ].
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   While a fair amount of data exist regarding the global and 
technical success following revascularization in patients 
with CLI, as commonly measured by graft patency, limb sal-
vage, and survival, such traditional outcome measures have 
been found to be poor predictors of functional and qualitative 
outcomes. Robust data with regard to the effect of revascu-
larization on overall physical recovery, quality of life, and 
functional status remains limited. Such outcomes may 
prompt physicians to consider a more patient-centered 
approach to the treatment of individuals with CLI, rather 
than the current lesion-focused approach. This change in 
paradigm could help identify which groups of patients are 
unlikely to benefi t from interventional procedures and would 
be better served with primary amputation or medical man-
agement only. 

 Rollins and colleagues [ 97 ] performed a review of ten 
studies examining the functional outcomes of patients 
 following revascularization for CLI. Only three studies 
noted any improvement in ambulation status, with up to 
45 % of patients remaining nonambulatory following vascu-
lar intervention. None of the studies found any improvement 
in residential status as 3–17 % of patients continued to live 
in a dependent manner after intervention. Preoperative 
dependent functional status was also noted to be a signifi -
cant predictor for midterm mortality. Similarly, Crawford 
et al. [ 98 ] examined 30-day outcomes from the NSQIP data-
base and demonstrated dependent functional status as an 
independent predictor of major complications and death 
after lower extremity bypass grafting. Dependent functional 
status combined with dialysis-dependent renal failure, 
emergency presentation, or age greater than 80 years was 
associated with a 13-, 38-, and 87-fold increase in the odds 
of death respectively. 

 The PREVENT III trial is the largest study to date that 
prospectively evaluated patient’s quality of life after surgical 
revascularization of the lower extremity [ 99 ,  100 ]. Signifi cant 
improvements in quality of life were observed based on 

questionnaires at both 3 and 12 months following revascular-
ization compared to baseline. Diabetes and graft-related 
events were associated with failure to improve quality of life. 
Moreover, improvement in health-related quality of life was 
seen in both the surgery and angioplasty arms of the BASIL 
trial [ 36 ]. A trend toward continued improvement in quality 
of life was seen in the surgery group with longer follow-up; 
however, this difference was not statistically signifi cant.       
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           Introduction 

    Although the number of lower extremity amputations has 
been declining over time, amputation rates vary consider-
ably around the world [ 1 ]. Amputations constitute a signifi -
cant portion of any surgical practice as demonstrated by the 
fact that over 60,000 major amputations are performed 
annually in the United States alone [ 2 ]. Diabetes and 
peripheral  arterial disease (PAD) are two common comor-
bidities that increase the risk of limb loss. Individuals with 
diabetes face up to a 12-fold increase in risk of amputation 
over their lifetime and comprise 40–45 % of all amputees 
[ 1 ,  3 ]. A large study of 2,015 diabetic patients found the 
cumulative risk of amputation to be 11 % 25 years after 
diagnosis [ 4 ]. Other variables associated with increased 
amputation rates include lower socioeconomic status, eth-
nicity, and inexperienced physicians caring for patients 
with critical limb ischemia and diabetes [ 1 – 3 ]. 

 Limb loss has a profound impact on a patient’s lifestyle 
and life expectancy. A study of almost 3,000 patients taken 
from the National Surgical Quality Improvement Program 
(NSQIP) found that the 30-day mortality after major 
amputation was 7 % and complication rates increased with 
renal insuffi ciency, cardiac issues, history of sepsis, ste-
roid use, COPD, and advanced age [ 5 ]. The Trans-Atlantic 
Inter- Society Consensus Guidelines (TASC II) reported 
that patients who undergo major amputation for critical 
limb ischemia have a 1-year mortality of 25 % and a 30 % 
incidence of contralateral amputation [ 6 ]. Another study 

found that the 5-year mortality after major amputation 
ranged between 62.6 and 84.3 % [ 7 ]. 

 Amputation survivors frequently face depression not only 
in the perioperative period, but up to 30 years postamputa-
tion [ 8 ]. An amputation can disrupt a patient’s social func-
tion, distort his or her body image, and create new anxieties. 
These negative social and psychological consequences do 
not seem to correlate with the level of amputation. In fact, 
one study found that patients with below knee amputations 
suffer more depression presumably because they are less dis-
abled overall and tend to compare their activity level to their 
non-amputee peers more so than above knee amputees [ 8 ]. 

 Preventing an amputation starts with the daunting task 
of controlling complex diseases including critical limb 
ischemia and diabetes. The challenge becomes more diffi -
cult because of patient noncompliance and intransigent 
social forces, which can sabotage preventive measures and 
derail limb salvage efforts. Patients can be their own worst 
enemy by ignoring medical advice or not having the knowl-
edge of or access to healthcare resources. Factors associ-
ated with increased amputation rates include sudden rapid 
progression of disease, limited access to healthcare provid-
ers, and poor education [ 9 ]. 

 Surgeons who perform amputations should take a holistic 
approach to patients facing limb loss. Ideally, all possibilities 
for limb salvage should be exhausted before proceeding with 
an amputation. Efforts at limb preservation must uncover the 
etiology of limb threat and explore the potential for correcting 
it. Factors that determine if an amputation is necessary include 
the ability to improve perfusion, control infection, and pre-
serve musculoskeletal architecture. If limb salvage is not pos-
sible, the optimal level of amputation should be determined 
with the goal of maximizing limb length and function while 
minimizing the risk of local complications in the residual 
limb. An interdisciplinary team consisting of physical thera-
pists, mental health professionals, nutritionists, and physicians 
can expand the rehabilitation potential following amputation. 

 This chapter will outline the indications for amputation, 
discuss exams that help determine the level of the amputation, 
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and describe the surgical technique of major amputations. 
The goal of this chapter is to give the reader an understand-
ing of the workup and treatment for patients who require an 
amputation of the toe, foot, or lower extremity.  

    Indications for Amputation 

 Indications for a lower extremity amputation include life- 
threatening infection, failure of prior revascularization, poor 
functional status with an unsalvageable leg or foot, and fi xed 
joint contractures with recurrent lower extremity wounds 
(Table  8.1 ). Challenging decisions about whether to proceed 
with an amputation can be clarifi ed with a stepwise evalua-
tion of the ability to salvage the lower extremity, the etiology 
of the wounds, and the functional status of the patient.

   The fi rst decision point along the path to amputation 
determines whether the lower extremity is worth saving. 
Nonsalvageable lower extremities suffer from extensive tis-
sue loss that would be impossible to heal or would require 
massive debridement ultimately compromising the architec-
ture and function of the foot. Other factors favoring a lower 
extremity amputation include extensive heel gangrene par-
ticularly with underlying osteomyelitis, widespread soft tis-
sue infection, and severe Charcot deformity of the foot with 
loss of function. Any of these clinical scenarios represents a 
clear indication for lower extremity amputation. 

 If the patient does not have an obvious indication for 
amputation because of the factors described above, the 
next step involves determining the etiology of the lower 
extremity wounds. Patients may present with ischemic, 
neuroischemic, neuropathic, pressure-induced, or venous 
wounds. The investigation begins with a complete pulse 
exam to evaluate the vascular supply to the lower extrem-
ity. Absence of palpable lower extremity pulses frequently 
indicates underlying peripheral arterial disease (PAD). An 
ankle-brachial index (ABI) provides an objective, bedside 
exam to detect PAD defi ned as an ABI less than 0.9. A 
systolic ankle pressure less than 70 mmHg identifi es 
patients with severe ischemia of the foot who are unlikely 
to heal their wounds without a revascularization procedure 
[ 6 ]. Falsely elevated ABIs (greater than 1.3) usually indi-
cate tibial vessel calcifi cation. In this situation, toe pressures 

measured by the noninvasive vascular lab provide a more 
accurate assessment of perfusion with values less than 
50 mmHg indicating signifi cant foot ischemia. 
Transcutaneous pressures may also help predict wound 
healing after an amputation. Several studies have shown 
that a threshold level of 30 mmHg correlates with improved 
wound healing. Ballard et al. reported a 73 % healing rate 
at this level, while Chiriano et al. found that 67 % of 
patients with PAD and underlying wounds healed with a 
TcpO2 level above 30 mmHg [ 10 – 12 ]. 

 If ischemia caused the lower extremity wounds, the next 
step involves determining which patients will benefi t from 
revascularization. Although revascularization is the treat-
ment of choice for patients with underlying arterial disease 
and tissue loss, it is not universally successful. Lower extrem-
ity wounds can recur after failed surgical bypasses or endo-
vascular interventions. Abou-Zamzam et al. found that over 
50 % of patients undergoing an amputation had either a prior 
attempt at revascularization or no revascularization options 
based on anatomy [ 13 ]. In patients with limb-threatening 
ischemia, the surgeon must determine the feasibility and 
benefi t of revascularization. 

 Imaging studies such as computed tomography angiogra-
phy (CTA) or magnetic resonance angiography (MRA) can 
map the arterial anatomy to help determine revascularization 
options. Although CTA and MRA can detect iliac, femoral, 
and popliteal artery lesions, their accuracy diminishes in the 
tibial vessels. Catheter-directed angiography may be indi-
cated if noninvasive imaging does not identify target vessels 
for revascularization. Patient factors that make angiography 
unreasonable include severe renal insuffi ciency in a highly 
debilitated patient or progression of wounds that would make 
the limb unsalvageable. Angiography should include images 
of the foot to evaluate for distal revascularization targets. 
While axial fl ow to the foot has traditionally been preferred 
for healing pedal wounds, a peroneal artery bypass can be 
successful if adequate collaterals to the pedal vessels are 
present at the ankle [ 14 ]. 

 Patients who have no revascularization targets usually 
require an amputation. Some patients have distal arterial tar-
gets but lack an autogenous conduit to function as a bypass. 
Although distal bypasses with prosthetic grafts are feasible, they 
have inferior patency rates and increased infection risk [ 15 ]. 

   Table 8.1    Indications for foot and lower extremity amputations   

 Absolute indications for amputation  Relative indications for amputation 

 Nonsalvageable foot or lower extremity due to extensive tissue loss  Severe Charcot foot deformity limiting functional status 
 Nonsalvageable foot or lower extremity in the setting of acute limb 
ischemia 

 Failed prior revascularization with continued tissue loss or infection 

 Severe life-threatening foot/limb infection  Poor surgical candidate with critical limb ischemia 
 Nonambulatory patients with nonhealing wounds or infection including 
patients with severe lower extremity contractures 

 No revascularization targets in patients with critical limb ischemia 
and ongoing tissue loss or severe rest pain 
 Chronic osteomyelitis and nonhealing wounds 
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Debilitated, nonambulatory patients with extensive ischemic 
tissue loss and no autogenous conduit are better served with an 
amputation instead of repeat revascularization. 

 Patients without underlying peripheral arterial disease 
who present with nonhealing lower extremity wounds most 
often suffer from diabetes. Several studies cite diabetes as 
the most common risk factor for amputation because of its 
association with infection, neuropathy, and architectural 
deformity of the foot. Malone ranked the indications for 
amputation starting with complications of diabetes (60–
80 %), infections without diabetes (15–25 %), ischemia 
without infection (5–10 %), chronic osteomyelitis (3–5 %), 
trauma (2–5 %), and miscellaneous (5–10 %) [ 2 ,  16 ]. 
Diabetic patients can present with overwhelming infections 
which require urgent amputation as a matter of life over 
limb. Elective amputations may be necessary for loss of 
function after multiple wound debridements for underlying 
osteomyelitis or severe Charcot deformity. Preventing ampu-
tations in patients with foot deformities or neuropathic ulcers 
requires orthotics to off load pressure on the foot, advanced 
wound care, and surgical correction of architectural deformi-
ties whenever possible. Fortunately, most patients who 
undergo an amputation for the indications described above 
maintain an acceptable quality of life. 

 Functional status represents the fi nal component to evalu-
ate in patients being considered for amputation. Invasive 
limb salvage procedures have no role in the management of 
extremely debilitated patients. Nonambulatory patients with 
extensive lower extremity wounds and patients with fi xed 
joint contractures and pressure-induced tissue necrosis 
should undergo primary amputation. Patients    with limited 
survival including patients with malignancy, severe CHF, 
and severe dementia and elderly patients on dialysis should 
be considered for primary amputation [ 17 – 19 ].  

    Determining the Level of Amputation 

 Although an amputation is often perceived as a failure of limb 
salvage, it still requires preoperative planning and sound sur-
gical judgment. Choosing the appropriate level of amputation 
plays a critical role in achieving a successful  outcome. 
Amputations that fail to heal delay rehabilitation and fre-
quently require further surgery with its associated risks. 
While the amputation level should be tailored to each patient’s 
anatomic and functional needs, any amputation must adhere 
to three general principles. Firstly, it should ensure the 
removal of all nonviable tissue and infection. Secondly, the 
level of amputation should be chosen to maximize the chances 
of uncomplicated wound healing. Finally, it should give the 
patient the best opportunity for future prosthetic use. 

 Successful healing after amputation depends on multiple 
factors including hemodynamic status, infection, glucose 

level, and the patients’ underlying comorbidities (Table  8.2 ). 
It should be noted that although wound healing is the easiest 
outcome variable to observe, it is not the only measure of 
success after an amputation. Other important outcome mea-
sures for amputations include successful rehabilitation, func-
tional status, and overall survival.

   While there is no consensus on which noninvasive tests 
can determine the optimal level of amputation, it is clear that 
physical exam alone and presence of bleeding during debride-
ment are poor predictors of successful wound healing. 
Although the presence of a palpable pulse immediately proxi-
mal to the amputation site nearly always predicts healing, the 
absence of a pulse does not consistently lead to wound failure 
[ 2 ]. Using the pulse exam alone to determine amputation 
level would therefore unnecessarily preclude some patients 
from having more distal amputations. Several studies have 
documented toe pressures and TcPO2 levels as predictors of 
wound healing particularly in forefoot procedures such as 
digit, ray, and transmetatarsal amputations. Vitti et al. retro-
spectively studied 136 men undergoing forefoot amputations 
and found universal failure of healing in diabetic patients 
with toe pressures less than 38 mmHg and universal success 
with toe pressures greater than 68 mmHg. This threshold did 
not predict outcome in nondiabetic patients [ 20 ]. 

 Several studies have explored alternatives to the “clinical 
judgment” method of determining amputation level which 
has proven to be notoriously inaccurate. Poredos et al. 
attempted to establish a minimal TcPO2 level necessary for 
amputation healing by studying 71 limbs of which 55 were 
below knee amputations. In all patients, the level of amputa-
tion was based solely on clinical factors. Sixteen patients 
(22.5 %) required conversion to above knee amputation due 
to failure of healing. The patients that failed to heal had sig-
nifi cantly lower TcPO2 levels versus those that healed 
(18 mmHg vs. 37 mmHg,  p  < 0.01) [ 21 ]. Holstein found that 
only one failed below knee amputation out of 15 exhibited 
clinical signs of ischemia prior to amputation, whereas all of 
the failures had skin perfusion pressures (SPP) less 
than 30 mmHg. Only 3 % of the amputations in this series 
with an SPP greater than 30 mmHg failed to heal [ 22 ]. 

   Table 8.2    Factors that infl uence healing at amputation site   

 SPP  >30 mmHg 
 TcPO2  >30 mmHg 
 Ankle pressures  >70 mmHg 
 Toe pressure  >50 mmHg 
 Physical exam  Palpable popliteal pulse 
 Level of amputation  Below the ankle < above the ankle 
 Presence of comorbidities  CAD, cerebrovascular disease, ESRD, 

diabetes, COPD, increased age 

   SPP  skin perfusion pressure,  TcPO2  transcutaneous pressure of oxy-
gen,  CAD  coronary artery disease,  ESRD  end-stage renal disease, 
 COPD  chronic obstructive pulmonary disease  
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These studies and others like them highlight the inaccuracy of 
clinical judgment alone in deciding on the level of amputation. 
Skin perfusion pressure seems to correlate well with below 
knee amputation healing; however, other factors also contrib-
ute to successful outcomes following major amputation. 

 Ankle and toe pressures should be measured as surrogates 
for local perfusion at the site of the surgical procedure. A 
study of 44 consecutive major lower extremity amputations 
(38 for severe limb ischemia) revealed that all patients with 
ankle pressures greater than 70 mmHg achieved successful 
wound healing. In contrast only 50 % of those with ankle 
pressures less than 70 mmHg healed their wounds. Notably, 
these fi ndings were only signifi cant for amputations proxi-
mal to the ankle; foot amputations had worse outcomes over-
all. The authors found no signifi cant outcome differences 
with respect to skin temperature, gender, age, blood chemis-
try, or duration of diabetes [ 23 ]. Data from large series sug-
gest that TcPO2 and skin perfusion pressures are also less 
signifi cant predictors of wound healing in forefoot amputa-
tions compared to more proximal amputations [ 24 ]. Toe 
pressures may offer a more accurate predictor of healing 
after forefoot amputations. The TASC II document cites toe 
pressures less than 50 mmHg as a sign of severe ischemia at 
the level of the forefoot suggesting that this may increase the 
risk of failed healing in forefoot amputations [ 6 ]. 

 Although hemodynamic factors play an important role in 
selecting the level of amputation, other more global variables 
such as prior ambulatory status and presence of  comorbidities 
may also help the surgeon select which amputation to per-
form. A retrospective review of 80 patients undergoing 91 
transmetatarsal amputations found that initial healing of the 
amputation negatively correlated with the presence of end- 
stage renal disease and infection [ 25 ]. In a different series of 
patients, the authors found no correlation between healing 
transmetatarsal amputations and preoperative demographic 
factors such as CAD, DM, and renal insuffi ciency. In this 
cohort, a history of MI and the presence of COPD were asso-
ciated with mortality after BKA, while ESRD and COPD 
were the strongest predictors of mortality after AKA [ 24 ]. 
These comorbid conditions seem to correlate better with 
amputations proximal to the ankle and lose some degree of 
predictability for foot and toe amputations. 

 One of the largest outcome studies of lower extremity 
amputations used the NSQIP database including 4,250 
patients from 121 hospitals nationally. In this study, wound 
complication risk increased with an elevated INR, age 50–59 
as compared with older patients, high BMI, and current 
tobacco use. Thirty-day mortality was 7.6 and 12 % after 
BKA and AKA, respectively, and predictors of mortality 
corroborated previous study results with history of MI and 
presence of COPD associated with mortality after BKA and 
ESRD and COPD predicting mortality after AKA [ 26 ]. 
Although predicting outcomes based on preoperative risk 

factors is not always reliable, it is clear that wound complications 
increase with uncontrolled diabetes, presence of renal 
disease, COPD, and CAD. These results highlight the impor-
tance of pursuing medical optimization prior to performing 
an elective amputation. 

 While preoperative planning focuses on achieving local 
wound healing, a healed stump does not completely defi ne a 
successful amputation. The amputation level selected should 
also maximize the functional capacity of the patient. 
Achieving this goal requires integrating multiple factors that 
infl uence the amputation level including extremity perfu-
sion, comorbid conditions, pre-amputation ambulatory sta-
tus, and life expectancy. Taylor and associates reported on a 
comprehensive defi nition of amputation success in 3,000 
patients undergoing major lower extremity amputations (309 
BKAs) from 1998 to 2004. They defi ned success as wound 
healing without need for revision to a higher level, mainte-
nance of ambulatory status for 1 year, and survival for at 
least 6 months. Only 51 % of patients met this defi nition of 
success and the overall mortality was 3.2 %. Preoperative 
factors associated with poor outcomes included CAD, cere-
brovascular disease, COPD, diabetes, impaired ambulatory 
status, and increased age. Independent predictors of clinical 
failure included presence of coronary artery disease, cere-
brovascular disease, and impaired preoperative ambulatory 
status. If any two of these factors were present, the probabil-
ity of success was only 23 %, and if all were present, the 
success rate dropped to 10.4 %. The probability of success 
was 67.5 % if none of the factors were present [ 27 ]. 

 Return to ambulation should be a primary consideration 
when determining amputation level. Ambulating with a pros-
thetic requires more energy, and the energy expenditure 
increases as the level of amputation moves proximally. Tang    
et al. found that below knee amputations, knee disarticula-
tion, above knee amputation, and hip disarticulation have 
energy requirements above baseline of 10–40 %, 71.5 %, 
63 %, and 82 %, respectively [ 28 ]. Approximately 80 % of 
patients return to ambulation after a below knee amputation 
and up to 50 % after an above knee amputation, and less than 
10 % of patients walk after a hip disarticulation. 

 In summary, determining the level of amputation remains 
challenging and has a signifi cant clinical impact. Although 
forefoot and below knee amputations have acceptable func-
tional outcomes, they carry an increased risk of wound com-
plication and need for proximal revision. The overall 
mortality for amputations ranges from 6 to 17 % and peaks 
among patients with renal failure, prior coronary revascular-
ization, advanced age, and transfemoral versus transtibial 
amputation [ 26 ,  27 ,  29 – 32 ]. In general, transmetatarsal 
amputations have a signifi cantly lower healing potential than 
amputations proximal to the ankle and should be reserved for 
patients with high functional status who have few if any 
hemodynamic risk factors for wound failure. Most patients 
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who have failed prior revascularization for critical limb ischemia 
will not be candidates for amputations below the ankle 
because of impaired preoperative ambulatory status or severe 
comorbid conditions including renal dysfunction. 

 Below knee amputation is a reasonable option for ambula-
tory patients with hemodynamic factors that predict postop-
erative wound healing including adequate skin perfusion 
pressures (generally above 30 mmHg). The presence of a pal-
pable popliteal pulse has also been consistently associated 
with successful wound healing [ 2 ]. An overall successful 
wound healing rate of 85 % should be expected from patients 
undergoing below knee amputations. Above knee amputa-
tions are indicated for nonambulatory or minimally ambula-
tory patients and for patients who have a low likelihood of 
healing any distal amputation. These criteria apply even when 
the wound is completely confi ned to the forefoot.  

    Procedures 

    Digital Amputation 

 While digital amputations can be performed at several levels, 
this section will focus on metatarsophalangeal amputations. 
Planning the skin incision should allow for adequate skin 
coverage after bony amputation. Usually an elliptical inci-
sion oriented in the vertical direction minimizes the space 
between the digits after wound healing. The incision should 
begin at the level of the proximal phalanx providing there is 
viable skin at that level. Dissection should then proceed cir-
cumferential through the soft tissue to expose the bone of the 
proximal phalanx and the metatarsophalangeal joint space. 
Any bleeding from the digital arteries can usually be con-
trolled with electrocautery. The metatarsophalangeal joint 
should then be disarticulated. If this is not possible, the prox-
imal phalanx can be transected with a bone cutter and the 
bone can be removed back to the joint space using a rongeur. 
We prefer to rongeur the cartilage off of the head of the meta-
tarsal bone because its relative avascularity can complicate 
wound healing. After achieving hemostasis, closure involves 

interrupted subcutaneous absorbable sutures followed by 
interrupted simple nylon sutures for the skin (Fig.  8.1 ). 
Amputations performed for acute infection should be left 
open and packed.

       Ray Amputation 

 Ray amputation refers to removal of the toe with a part of its 
corresponding metatarsal bone. The skin incisions vary 
depending on which toe is being amputated, but all incisions 
attempt to preserve as much skin as possible for closure. Flap 
coverage of the remaining bone segment can be achieved 
with a subperiosteal resection of the metatarsal proximal to 
the soft tissue incision. For the fi rst and fi fth toe resections, 
the incision is similar to a digital amputation with a proximal 
extension along the medial (fi rst toe) or lateral (fi fth toe) foot 
to obtain access to the metatarsal bone. The incision is closed 
along its length after resection of the bone. For central ray 
resections, the incision again is similar to that of a digital 
amputation with extension proximally along the dorsal 
aspect of the foot. Preserving the plantar skin whenever pos-
sible plays a critical role in recovery as it will allow for early 
weight bearing [ 33 ] (Fig.  8.2 ).

       Transmetatarsal Amputation (TMA) 

 Patients being considered for a transmetatarsal amputation 
should have adequate plantar skin to create a fl ap that will 
heal and provide soft tissue support for any forefoot prosthe-
sis. If the plantar skin is compromised, a TMA can be per-
formed in a guillotine fashion with subsequent skin grafting. 
The incision begins transversely across the dorsum of the foot 
at the level of the midmetatarsal. It then extends distally on 
the medial and lateral side of the foot and before crossing on 
the plantar aspect of the foot at the level of the metatarsopha-
langeal joint to create a posterior fl ap. Dissection is performed 
through the subcutaneous tissue along the incision line. After 
exposing the metatarsal bones, a periosteal  elevator is used to 

  Fig. 8.1    Digital amputation (Adapted from Brodsky [ 33 ])       
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create a cephalad fl ap on the dorsal surface. The skin should 
be retracted cephalad and the metatarsal bones should be 
transected at the level of the midshaft or proximal third. In 
order to preserve the plantar fat pad, a periosteal elevator is 
used to separate the plantar surface of the metatarsal bones 
from the soft tissue. The digital arteries can either be suture 
ligated or cauterized to obtain hemostasis. Starting with the 
transected shafts of the metatarsal bones, the fat pad is then 
dissected away and the forefoot is removed. A tension- free 
closure is then performed by approximating the fascia of the 
dorsum of the foot with the soft tissue of the plantar fat pad 
with interrupted absorbable sutures. The skin can either be 
stapled or closed with interrupted 3–0 nylon sutures. There is 
no need for a drain in the subcutaneous tissue; however, a 
local pump that functions to slowly infuse local anesthetic 
may help reduce the need for narcotics postoperatively. The 
foot is wrapped with moderate compression to minimize the 
risks of postoperative hematoma or edema (Fig.  8.3 ).

   Outcomes of transmetatarsal amputations vary depending 
on the presence of infection and critical limb ischemia. 
Hosch and associates found that healing rates were signifi -
cantly better if the amputation was performed for infection in 
the absence of critical limb ischemia. The need for revision 
to a more proximal amputation was appeared to be greater in 
patients with hypoalbuminemia and in patients who were not 
prescribed an adequate postoperative prosthetic [ 34 ]. Another 

study reported that 27 % of patients undergoing transmeta-
tarsal amputation required revision to a below knee amputa-
tion [ 35 ]. Although TMA healing rates can be poor, this 
amputation should be offered to suitable candidates as it pro-
vides an opportunity for limb preservation particularly in the 
diabetic population without critical limb ischemia [ 36 ]. 
Patients with severe peripheral arterial disease being consid-
ered for TMA usually require revascularization prior to the 
amputation to insure wound healing.  

    Below Knee Amputation 

 Below knee amputations require meticulous surgical tech-
nique to minimize the risk of postoperative complications 
and subsequent conversion to an above knee amputation. 
Several factors play a role in the planning and execution of a 
below knee amputation. Firstly, the surgeon must decide on 
the location and type of incision to use. Young patients with 
an injury to the foot itself who have normal perfusion and 
good skin quality may benefi t from a slightly longer stump, 
whereas older patients with severe peripheral vascular dis-
ease may have a better chance of healing with a shorter 
stump. Secondly, the skin quality may prohibit a long poste-
rior fl ap, and the surgeon may opt for a fi shmouth incision to 
construct medial and lateral fl aps (Fig.  8.4a, b ). Thirdly, 
below knee amputations demand meticulous hemostasis as 
postoperative hematoma creates a nidus for infection that 
ultimately requires reoperation and conversion to an above 
knee amputation. Patients who are on antiplatelet therapy or 
Coumadin may benefi t from closed suction drainage which 
can give an early warning of postoperative bleeding within 
the stump. Finally, all nonviable tissue should be removed 
intraoperatively to maximize wound healing. With appropri-
ate patient selection and surgical technique, 85 % of below 
knee amputations should achieve initial wound healing.

   Patients undergoing below knee amputation often have 
open wounds below the ankle. To minimize contamination 
and the risk of perioperative infection, the foot should be iso-
lated from the surgical fi eld by wrapping it with adherent 
drapes and placing it in a stockinet. The leg is then prepped 
and draped in a sterile fashion from the foot to the midthigh. 

 When planning a below knee amputation with a long pos-
terior fl ap, the incision should follow the 2/3–1/3 rule. The 
level of the transverse anterior skin incision depends on the 
desired length of the stump, but it is usually placed 5–10 cm 
distal to the tibial tuberosity. The circumference of the calf is 
measured at this level, and the transverse anterior incision 
extends for 2/3 the circumference. The incision should then 
transition to medial and lateral longitudinal incisions which 
extend distally for a distance of at least 1/3 the calf circumfer-
ence (Fig.  8.5 ). Electrocautery dissection then deepens the 
incision to the crural fascia along the length of the incision. 

  Fig. 8.2    Ray amputation (Adapted from Brodsky [ 33 ])       
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The authors prefer an anatomic dissection in which each 
compartment is methodically dissected in order to minimize 
blood loss and tissue trauma. The fascia of the anterior com-
partment is incised to allow transection of the muscles and 
visualization of the anterior tibial artery, deep peroneal nerve, 
and tibial vein which travel anterior to the interosseous mem-
brane near the tibia (Fig.  8.6 ). This neurovascular bundle is 
ligated and divided. Next, the lateral compartment is entered 
by incising the crural fascia. The muscles are transected and 
the fi bula is exposed at this level. There are no named vessels 
that require division in the lateral compartment. Medially, the 
posterior compartments are entered by incising the overlying 
crural fascia. The saphenous vein should be ligated and 
divided if it has not already been harvested for a revascular-
ization procedure. The gastrocnemius muscle is refl ected pos-
teriorly and the soleus muscle is separated from the tibia to 
create a window into the lateral portion of the leg.

    A large clamp is then placed directly behind the tibia to 
bring a laparotomy pad through the back of the calf as pro-
tection for the popliteal vessels during transection of the 
tibia. A periosteal elevator is then used to mobilize and ante-

rior skin fl ap that should be retracted cephalad with rakes 
during tibial transection. At this point the soft tissue should 
be cleared off of the fi bula with electrocautery and periosteal 
elevators. The tibia is then transected with a mechanical or 
power saw 1–2 cm proximal to the skin incision anteriorly 
taking care not to injure the posterior vasculature. The fi bula 
is transected in a similar fashion 1 cm proximal to the level 
of the tibial transection. A bone hook is then placed into the 
marrow cavity of the distal tibia to elevate it away from the 
popliteal neurovascular bundle (Fig.  8.7 ).

   The popliteal artery/vein and tibial nerve are then identifi ed 
and separately suture ligated and divided. If not already per-
formed, the distal posterior incision should be completed at this 
time and deepened through the crural fascia. An amputation 
knife is then used to dissect the deep compartment musculature 
posteriorly from the tibia and fi bula, this is performed to the 
distal posterior incision, and the soft tissue is transected at this 
level to remove the lower leg. There is often hemorrhage from 
the transected peroneal and posterior tibial arteries and veins, 
which are easily clamped and suture ligated. All bleeding ves-
sels and soft tissue are then meticulously controlled with 

  Fig. 8.3    Transmetatarsal amputation. ( a ) Incision on plantar aspect of foot at level of metatarsophalangeal joint. ( b ) Transection of metatarsal 
bones. ( c ) Dissection of fat pad while retracting forefoot. ( d ) Creation of plantar fl ap. ( e ) Ligation of digital arteries ( f ) Skin closure       
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 electrocautery and suture ligation. After obtaining hemostasis, 
copious irrigation removes any devitalized tissue and bone 
fragments from the amputation site. 

 At this point, the surgeon must decide if the soleus muscle 
must be excised in order to facilitate a tension-free  closure. If 

the fl ap is bulky such as is found in muscular patients, one 
can separate the soleus from the gastrocnemius muscle in an 
avascular plane and partially or totally excise it leaving the 
gastrocnemius as the main pad of the posterior fl ap (Fig.  8.8 ). 
Additionally, the tibia may need to be shortened in order to 

a b

c d

2 cm
2 cm10 cm

1/4
circumference

  Fig. 8.4    Skew fl aps for below knee amputation using 
fi shmouth incision. ( a ) and ( b ) development of gastrocnemius 
muscle fl ap. ( c ) and ( d ) closure of wound with drain in place       

 

J.T. Chiriano and A.M. Abou-Zamzam Jr



127

prevent protrusion into the posterior fl ap. Once the tibia is at 
the proper length, the authors prefer to bevel its anterior sur-
face to create a smoother edge of the bone in order to mini-
mize pressure while wearing a prosthetic.

   Closure of the amputation starts by approximating the ante-
rior and posterior fascia with interrupted 2-0 braided absorb-
able sutures. There should be no gaps through which a digit or 
an instrument can pass. The authors prefer to place a local anes-
thetic pain pump catheter deep to the fascial closure near the 
transected nerves and exiting through the skin medially or lat-
erally. By achieving localized pain relief, the pain pump can 
minimize the need for narcotic medications postoperatively. 
The skin should be closed with either staples or interrupted 
nylon sutures (Fig.  8.9 ). The stump is then wrapped with gauze 
and an ACE bandage and placed into a knee immobilizer brace 
to decrease the risk of a fl exion contracture at the knee.

       Above Knee Amputation (AKA) 

 Above knee amputations boast the highest initial healing 
rates; however, fewer patients return to ambulation after this 
procedure compared to below knee amputations. A longer 

AKA stump length can improve the ability to ambulate. 
Therefore, the length of the amputation should be maxi-
mized for patients that have promising rehabilitation poten-
tial and in whom there is a possibility for prosthetic use. The 
incision should be made on the distal thigh just above the 
knee joint whenever possible. The commonly used fi sh-
mouth incision can be outlined dividing the circumference 
of the site of amputation by two and creating a cephalad 
bevel in the incision on each side of the thigh. This facili-
tates closure with no dog-ears and keeps the incision line 
more anterior in order to avoid undue pressure while the 
patient is supine (Fig.  8.10 ).

   After carrying the incision through the subcutaneous tis-
sue with electrocautery, the fascia and muscles of the ante-
rior compartment of the thigh are transected to expose the 
femur. Incising the subcutaneous tissue and fascia of the 
medial and lateral thigh and transecting the lateral and medial 
thigh muscles provide more exposure of the femur. A perios-
teal elevator is then used to mobilize an anterior musculocu-
taneous fl ap to be used during closure. The femoral/popliteal 
vessels are then isolated posterior to the distal femur and 
 dissected free of the surrounding soft tissue (Fig. 8.11). The 
artery and vein are individually double ligated with heavy 
silk suture and transected. The sciatic nerve which is located 
lateral and posterior to the vessels should be mobilized as far 
proximally as possible, ligated, and divided, thereby allow-
ing it to retract deep into the proximal musculature. Handling 
the sciatic nerve in this way will keep it well back from the 
skin incision and may prevent it from forming a neuroma 
which leads to chronic pain in the stump. The posterior por-
tion of the amputation is then completed by incising the skin 
and posterior fascia followed by division of the posterior 
muscles with electrocautery. Large rakes are then used to 
retract the anterior skin and muscles, and the femur is tran-
sected with a power saw 2 cm proximal to the level of the 
incision. Meticulous hemostasis is carried out with electro-
cautery and suture ligation of any small bleeding vessels. 
The amputation site is then thoroughly irrigated before 
approximating the anterior and posterior fascia with inter-
rupted 2-0 braided absorbable sutures. The authors insert a 
small pain pump to infuse local anesthetic for 48–72 h post-
operatively in an attempt to minimize narcotic use. The skin 
can either be sutured closed with interrupted nylon sutures or 
stapled. The site is then wrapped with Kerlix gauze and a 
compressive ACE bandage. 

 Technical errors for an above knee amputation often 
involve inadequate shortening of the femur. In these cases, 
the distal muscle provides inadequate padding and the stump 
is vulnerable to pressure sores and skin breakdown if the 
patient uses a prosthetic for ambulation. Creating a tension- 
free closure with an appropriate proximal resection of the 
femur can facilitate perioperative healing and prevent future 
wound complications.  

10–12 cm
(from tibial
tuberosity)

1/3

1/3

1/3

a

b

c

  Fig. 8.5    ( a ) Transverse skin incision located 10-12 cm distal to tibial 
tuberosity. ( b ) Anterior inicison is 2/3rd circumference of the calf 
(1/3rd on each side of midline), while the posterior fl ap length is 1/3rd 
the circumference. ( c ) Below knee amputation with posterior fl ap 
before wound closure       
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    Alternative Lower Extremity Amputations 

 Less commonly performed amputations of the foot and 
ankle include Chopart, Lisfranc, and Syme’s procedures. 
Although these foot amputations have the attraction of sal-
vaging the limb, their healing rates are not as robust as the 
more  commonly performed amputations, and the procedures 
themselves tend to be more technically demanding. 

 Chopart’s amputation implies a disarticulation of the talo-
navicular and calcaneocuboid joints combined. This amputa-
tion is thought to be easier to perform than the Syme’s 
amputation. The patient can wear a shoe after this procedure 
if fi tted with a proper orthotic. This is in contrast to the knee 
high prosthesis that is needed after a below knee amputation 
and a Syme’s amputation. Proponents of the Chopart’s 
amputation cite the fact that the weight bearing surface 
includes the relatively resilient plantar skin which can toler-

Tibialis anterior
muscle

Divided fibula

  Fig. 8.6    Division and superior retraction of the tibia exposes the popliteal neurovascular bundle       

  Fig. 8.7    Excision of the soleus muscle to facilitate posterior fl ap 
closure       

  Fig. 8.8    Closure of posterior fl ap over distal end of the tibia       
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ate the pressure load and stress incurred during ambulation. 
Patients with this amputation may be prone to tendon imbalance 
due to foot deformities and the unopposed pull of the 
Achilles tendon. Subsequent procedures to divide or 
lengthen Achilles tendon may be necessary to achieve an 
acceptable functional outcome. In contrast, a below knee 
amputation has relatively straightforward fi tting process for 
a knee high prosthesis [ 2 ,  33 ]. 

 Lisfranc’s amputation is a tarsometatarsal disarticula-
tion which creates a shorter, more proximal version of the 
transmetatarsal amputation. Although it is considered a 
limb salvage procedure, Lisfranc’s amputation requires a 
comprehensive orthotic to be functional. Similar to a trans-
metatarsal amputation, this procedure carries the risk of 
poor healing, especially in patients with critical limb isch-
emia. Counterbalancing this risk is the promise of limb sal-
vage and higher ambulation rates compared to below knee 
amputation. To be successful, Lisfranc’s amputations 
require viable plantar skin and should allow for removal of 
all nonviable tissue. Patients who had deep foot abscesses 
and associated plantar incisions for drainage may be better 
served with a below knee amputation, as operative stump 
corrections are necessary in 20–30 % of patients following 
Lisfranc’s amputation [ 33 ,  37 ,  38 ]. 

 Syme’s amputation is an ankle disarticulation which was 
initially described during an era when below knee amputa-
tions carried a 20–25 % mortality rate. This less extensive 
procedure with a smaller wound had a survival advantage 
and offered a good functional alternative to below knee 
amputation. Proponents of the Syme’s amputation argue that 
the increased leg length makes ambulation easier compared 
to more proximal amputations [ 39 ]. Enthusiasm for the 
Syme’s amputation has waned with the advent of more tech-
nologically advanced below knee prostheses. Prosthetic 
options for the distal leg are limited and often fail to repro-
duce the propulsion created at the ankle joint during ambula-
tion compared to below knee prostheses. Healing this level 

of amputation can be tenuous and appears to depend on the 
status of the posterior tibial artery. Laughlin and associates 
found a 90 % healing rate in patients with a palpable pulse or 
triphasic Doppler signal over the posterior tibial artery, as 
compared with a 57 % healing rate in patients with a mono-
phasic Doppler signal. In their study, 90 % of patients that 
healed were fi tted for prosthesis and achieved functional 
ambulation [ 39 ]. Frykberg and associates found a 50 % 
 healing rate 1 year after a Syme’s amputation in high-risk 
patients in whom a more proximal amputation had been ini-
tially recommended. They could not identify predictors of 
success or failure due to the small sample size. All of the 
patients in this study had diabetes or severe peripheral arte-
rial disease, and 65 % of those that healed went on to ambu-
late with a prosthetic [ 40 ]. The authors favor a below knee 
amputation in patients with underlying severe peripheral 
arterial disease, reserving a Syme’s amputation for diabetic 
patients with normal arterial perfusion. 

 Other more proximal lower extremity amputations include 
disarticulation procedures such as a through-knee amputa-
tion and hip disarticulation. Hip disarticulations are rarely 
performed and comprise only 0.5 % of all lower extremity 
amputations in the United States [ 41 ]. They are usually indi-
cated in the setting of uncontrolled infection or a failed high 
above knee amputation with severe osteomyelitis of the 
proximal femur. Mortality rates range from 30 to 44 % and 
increase in patients requiring an urgent operation for severe 
infection [ 41 – 43 ]. The high mortality rate coupled with its 
technical complexity makes hip disarticulation an amputa-
tion of last resort for most surgeons. The functional outcome 
after hip disarticulation also varies in the literature. Energy 
needed for ambulation after this procedure is even greater 
than an above knee amputation which usually requires 100 % 
more energy than normal ambulation [ 43 ]. Conversely, these 
patients have lower skin and wound complications most 
likely because they wear their prostheses less than other 
amputees. Although Yari and associates found signifi cant 
functional limitations in patients that undergo hip disarticu-
lation, technological advances may overcome these chal-
lenges [ 44 ]. Prosthetics now incorporate microprocessors to 
control the knee joint which decrease the energy required for 
ambulation and improve mobility [ 45 ]. 

 Finally, a knee disarticulation or through-knee amputa-
tion has several potential advantages over the traditional 
above knee amputation. The through-knee amputation may 
improve mobility by creating a longer stump with a more 
bulbous end that can easily fi t into a prosthesis. Only the ves-
sels, nerves, and tendons are transected during the procedure. 
Preserving the thigh muscles and femur maximizes the 
mechanical advantage of the stump and decreases the energy 
required for ambulation. Patients with properly performed 
bilateral through-knee amputee can full weight bear on the 
stumps without prosthesis. Weight bearing is made possible 

  Fig. 8.9    Fishmouth incision for above knee amputation       
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by leaving the meniscal cartilage on the femoral condyles to 
function as a shock absorber. If there is not enough soft 
tissue for closure, the femoral condyles may be partially or 
totally excised. These amputations are particularly prone to 
decubitus ulcers and require appropriate postoperative ban-
daging and leg elevation to facilitate healing. Prosthetic fi t-
ting is usually possible 3–6 weeks after a through-knee 
amputation [ 46 ].  

    Amputations for Infection 

 Patients with diabetes or critical limb ischemia and tissue loss 
are at high risk for developing severe foot infections that ulti-
mately require major amputation. Foot infection is the most 
common reason for hospitalization and subsequent lower 
extremity amputation in patients with diabetes [ 47 ]. The clini-
cal spectrum ranges from superfi cial cellulitis to a deep plantar 
abscess and necrotizing infection. Additionally, osteomyelitis 
may lead to wounds that will not heal without debridement 
and bony resection. Treatment for foot infections may require 
drainage and debridement for source control with revascular-
ization to allow for healing. In severe infections with advanced 
tissue destruction and systemic signs of sepsis, the only option 
for control may be a major amputation. These cases fall into 
the category of “life over limb.” 

 An open guillotine amputation above the ankle or ankle 
disarticulation can control life-threatening sepsis in patients 

with severe infection and an unsalvageable foot. After sepsis 
resolves, a defi nitive amputation with a concomitant vascular 
reconstruction if necessary can be planned. One group found 
that staging amputations in the setting of pedal sepsis resulted 
in a higher healing rate for below knee amputations. They 
reported that 25 % of patients required conversion to an 
above knee amputation when the below knee amputation was 
performed in the setting of pedal sepsis. In contrast, patients 
treated with an ankle guillotine amputation fi rst followed by 
a defi nitive below knee amputation had an AKA conversion 
rate of only 6.7 % [ 48 ]. Likewise, Altindas et al. found that 
only one of 62 patients treated with a staged below knee 
amputation required conversion to an above knee amputa-
tion. Nearly two-thirds of these patients healed completely 
without wound complications. According to this study, an 
initial tibiotalar disarticulation reduces the risk of failure for 
secondary below knee amputation in patients with advanced 
foot infections [ 49 ]. 

 Results have been mixed in comparison with staged ver-
sus initial closed amputation in patients who present with 
osteomyelitis or a foot infection with a salvageable foot. A 
study of 46 patients with infected diabetic foot ulcers and 
osteomyelitis found faster healing rates, decreased exuda-
tion, edema, and reinfection in patients undergoing primary 
surgical closure. In contrast, a study of 204 patients with 
forefoot osteomyelitis or infected gangrene found that 
patients treated with staged amputations had limb salvage 
rates approaching those of patients with less invasive infec-
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  Fig. 8.10    Cross section showing location of the neurovascular structures within the muscle compartments of the leg       
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tions in whom a primary closure was performed. Drawbacks 
of the staged approach included prolonged wound healing 
and the need for repeat interventions. 

 All patients who require a forefoot amputation for 
infection face the possibility of early limb loss [ 50 ,  51 ]. 
Limb salvage efforts should focus on restoring perfusion 
to the foot and optimizing medical management for the 
patient’s infection and underlying comorbidities. Foot 
infections in patients with critical limb ischemia require 
prompt diagnosis and imaging with the intention of early 
revascularization. Initial broad-spectrum antibiotic cover-
age should be tailored to cover the specifi c pathogens 
identifi ed from cultures of the bone or deep tissue. Tight 
glycemic control and local wound care can achieve dura-
ble healing and limb preservation. In a study of 330 
patients with osteomyelitis who were treated with a com-
bination of optimal surgical and medical therapy, the local 
wound recurrence rate was only 12.1 % over a 1-year 
period following forefoot amputation [ 52 ]. 

 In summary, a patient with life-threatening sepsis from a 
severe foot infection requires an immediate guillotine ampu-
tation above the ankle or an ankle disarticulation to gain 
control of the infection. The timing of the defi nitive below 
or above knee amputation is controversial, but is usually 
safe when the patient has recovered from systemic sepsis 
and the wound has stabilized. If the foot appears to be sal-
vageable, all nonviable tissue and bone should be removed, 
and revascularization should be planned. Clinical judgment 
based on the extent of the initial infection determines 
whether an initial closed amputation is feasible. The operat-
ing surgeon should have a low threshold to perform an open, 
partial foot amputation or debridement with later wound 
closure as this has been found to have acceptable limb sal-
vage rates, at a cost of more frequent secondary procedures 
and prolonged wound healing.   

    Summary 

 Limb loss poses a serious threat to all patients with diabe-
tes and peripheral arterial disease. Few surgical proce-
dures rival the profound social and lifestyle changes 
caused by a lower extremity amputation. Although its 
overall incidence has decreased, amputation continues to 
have a signifi cant economic impact on the healthcare sys-
tem [ 53 ]. The surgeon taking care of this patient popula-
tion must be well versed in strategies to maximize limb 
salvage including optimal medical management of comor-
bidities, arterial reconstruction when necessary, and local 
wound care. When these strategies fail, an amputation that 
is appropriately planned and skillfully performed can 
maximize a patient’s recovery and functional outcome. 
The overall goals of a lower extremity amputation should 

focus on achieving initial wound healing, avoiding long-
term stump complications, and to returning the patient to 
ambulatory status whenever possible.     
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           Introduction 

    Deep    venous thrombosis (DVT) is a common global health 
problem affecting the populations of both developed and 
developing countries. Studies show that acute venous throm-
bosis resulting in pulmonary embolism (PE) kills more peo-
ple than acute myocardial infarction or acute stroke [ 1 ]. Over 
one million people per year will suffer an acute venous 
thromboembolic event in the United States alone. The post-
thrombotic morbidity that follows is substantial and is pro-
portional to the extent of venous thrombosis [ 2 – 4 ]. 

 The goal of treating DVT is to prevent PE and death from 
PE, reduce the risk of recurrence, and avoid postthrombotic 
morbidity. Choosing the appropriate treatment depends upon 
the anatomic distribution, extent of thrombus, and degree 
of luminal obstruction. Patients with extensive thrombus 
involving the iliofemoral veins represent a clinically relevant 
subset of DVT patients who have acute obstruction of the 
single venous outfl ow pathway of the lower extremity. These 
patients develop high muscle compartment pressures and 
venous hypertension which, if undertreated, can result in 
debilitating symptoms of postthrombotic syndrome. 

 Although anticoagulation remains the mainstay of treat-
ment for acute DVT, many patients are not adequately anti-
coagulated both early in their course of therapy and over the 
long term. This failure in anticoagulation therapy can result 
in more severe postthrombotic morbidity and an increased 

risk of recurrent venous thromboembolism. Moreover, 
patients with iliofemoral DVT benefi t from a strategy of 
early thrombus removal in addition to therapeutic anticoag-
ulation, as the severity of postthrombotic venous disease 
correlates directly with the extent and persistence of venous 
thrombus. Thrombus removal techniques include surgical 
venous thrombectomy, catheter-directed thrombolysis, and 
pharmacomechanical thrombectomy, all of which have been 
shown in randomized trials and observational studies to 
minimize postthrombotic morbidity and decrease DVT 
recurrence [ 5 – 13 ]. 

 Several factors contribute to the increasing incidence of 
venous thromboembolic complications. The aging popula-
tion puts more patients at risk and more operative procedures 
are being performed on higher risk patients. In addition, the 
greater awareness of venous thromboembolic complications 
coupled with more sensitive diagnostic imaging likely fac-
tors into the higher reported incidence.  

    Risk Factors 

 Most risk factors for DVT relate to one or more elements of 
the classic triad described by Rudolf Ludwig Karl Virchow 
[ 14 ]. Over 150 years ago Virchow recognized that changes in 
blood elements (hypercoagulability), reduced blood fl ow 
velocity (stasis), and vein wall injury (endothelial damage) 
combined to create an environment promoting thrombus for-
mation. Hypercoagulability can take the form of genetic or 
acquired risk factors as listed in Table  9.1 . Although stasis 
alone does not cause DVT, stasis can be an important predis-
posing or permissive factor in the presence of other more 
potent pro-thrombotic risks. The precise role that endothelial 
damage plays in DVT formation remains unclear. While few 
would argue that direct injury to a vein wall leads to the 
thrombus formation, most postoperative DVTs begin in the 
calf veins which are usually distant from the surgical site and 
undamaged by operative trauma.
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   When a DVT occurs in a patient with no known risk fac-
tors, the diagnosis is considered an idiopathic DVT presum-
ably provoked by a transient risk factor such as surgery or 
trauma. In a prospective, multicenter registry of 2,119 
patients with venous thromboembolism (VTE), 43 % were 
deemed to have idiopathic DVT [ 15 ]. Approximately 42 % 
of the patients with idiopathic DVT had temporary risk fac-
tors with immobilization (15 %), surgery (14.4 %), and 
severe medical illness (8.2 %) occurring most frequently. 

 Most patients have more than one thrombotic risk factor 
at the time of their presentation. Fifty percent of thrombotic 
events in patients with inherited thrombophilia occur in the 
presence of an additional acquired risk factor (e.g., surgery, 
prolonged bed rest, pregnancy, oral contraceptives). Some 
patients have more than one form of inherited thrombophilia 
or more than one form of acquired thrombophilia and appear 
to carry an even greater risk for thrombosis. In a population- 
based study, 53 % of patients with VTE had three or more of 
the following risk factors: >48 h of immobility in the preced-
ing month, hospital admission, surgery, malignancy, infec-
tion in the past 3 months, or current hospitalization [ 16 ]. 

    Genetic Risk Factors 

 The most frequent causes of an inherited (primary) hyperco-
agulable state are factor V Leiden mutation, prothrombin gene 
mutation, protein S defi ciency, protein C defi ciency, anti-
thrombin defi ciency, and dysfi brinogenemia. The pathophysi-
ology and genetics of each of those disorders are beyond the 
scope of this chapter; however, their associated thrombotic 
risk has been assessed in two ways: evaluation of patients with 
DVT and evaluation of families with thrombophilia [ 17 ]. In a 
Spanish study of 2,132 consecutive unselected patients with 
VTE, 12.9 % had an anticoagulant protein defi ciency (7.3 % 
with protein S defi ciency, 3.2 % with protein C defi ciency, and 
0.5 % with antithrombin defi ciency) [ 18 ].  

    Acquired Risk Factors 

 According to the previously cited population-based study, 
many patients with an episode of VTE have more than one 
acquired risk factor for thrombosis [ 16 ]. The most prevalent 
preexisting medical characteristics include the following: 
greater than 48 h of immobility in the preceding month 
(45 %), hospital admission (39 %), surgery (34 %), malig-
nancy (34 %), infection in the past 3 months (34 %), and 
current hospitalization (26 %). Of the 587 episodes of VTE, 
only 11 % had no preexisting medical characteristics  present, 
while 36 and 53 % had one to two and three or more risk fac-
tors, respectively. 

    Malignancy 
 Patients with cancer often harbor a hypercoagulable state 
due to the production of substances with procoagulant activ-
ity (e.g., tissue factor and cancer procoagulant). The risk of 
VTE in such patients peaks during the initial hospitalization 
and onset of chemotherapy, as well as at the time of disease 
progression [ 19 ]. Approximately 20 % of patients with 
symptomatic DVT have a known active malignancy. In a 
retrospective study of over 63,000 patients admitted to 
Danish nonpsychiatric hospitals from 1977 to 1992 for a 
diagnosis of VTE, 18 % had received a diagnosis of cancer 
(other than non-melanoma skin cancer) prior to the throm-
boembolic event [ 20 ]. The majority of cancers associated 
with thromboembolic events are clinically evident and 
have been previously diagnosed at the time of the event. In 
the Danish study, 78 % of the cancers were diagnosed before 
the event with the most common sites being lung (17 %), 
pancreas (10 %), colon and rectum (8 %), kidney (8 %), and 
prostate (7 %) [ 20 ].  

    Surgery 
 Thrombotic risk increases during surgery, particularly 
orthopedic, neurologic, and cancer surgery [ 21 – 23 ]. The 
2012 American College of Chest Physicians (ACCP) guide-
lines estimate that patients undergoing orthopedic surgery 
have a 2.80 % risk of having a symptomatic thrombotic 
event if untreated with initial thromboprophylaxis during 
the fi rst 2 weeks following surgery, with a cumulative 
35-day risk of 4.3 % if untreated during the entire periop-
erative period [ 24 ]. 

 The ACCP guidelines for nonorthopedic surgery stratify 
patients into categories based on their estimated untreated 
VTE risk [ 25 ]. Outpatient or same-day surgery patients make 
up the very low-risk category (<0.5 % VTE risk in the absence 
of thromboprophylaxis). The low-risk category (1.5 % VTE 
risk) applies to patients having spinal surgery for nonmalig-
nant disease. Patients undergoing gynecologic (noncancer), 
cardiothoracic surgery, and those having spinal surgery 
for malignant disease fall into the medium-risk  category. 

   Table 9.1    Congenital and acquired risk factors for DVT   

 Acquired  Congenital 

 Age  Antithrombin defi ciencies 
 Malignancy  Proteins C & S defi ciencies 
 Surgery/trauma  Factor V Leiden 
 Immobilization  Prothrombin 20210A 
 Oral contraceptives  Blood group non-O 
 Hormone replacement therapy  Hyperhomocysteinemia 
 Pregnancy  Factor XI, IX, VII, VIII, X, 

and II excess 
 Obesity  Dysfi brinogenemia 
 Neurological disease  Dysplasminogenemia 
 Cardiac disease  Plasminogen activator inhibitor-1 
 Antiphospholipid antibodies  Reduced activity of heparin 

cofactor II 
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The high-risk category (6 % VTE risk) includes patients 
 having bariatric surgery, surgery for gynecologic cancer, a 
craniotomy, and major trauma surgery.  

    Trauma 
 The risk of thrombosis increases after all forms of major 
trauma [ 26 – 29 ]. A study of 716 patients admitted to a regional 
trauma unit found lower extremity DVT in 58 % of patients 
with adequate venographic studies, 18 % of whom had proxi-
mal vein thrombosis [ 27 ]. Venous thrombi were detected in 
54 % of patients with a major head injury, 61 % of patients 
with a pelvic fracture, 77 % of patients with a tibial fracture, 
and 80 % of those with a femoral fracture. The sequence of 
events that trigger activation of the coagulation system fol-
lowing surgery or trauma remains unclear. Conditions which 
favor venous thrombosis include decreased venous blood 
fl ow in the lower extremities, diminished fi brinolysis, immo-
bilization, release or exposure of tissue factor, and depletion 
of endogenous anticoagulants such as antithrombin [ 30 ]. A 
large population-based study investigated the VTE risk fol-
lowing a minor injury defi ned as one not requiring surgery, a 
plaster cast, hospitalization, or extended bed rest at home for 
at least 4 days [ 31 ]. A minor injury occurring in the preceding 
3–4 weeks increased the DVT risk three- to fi vefold overall 
and 50-fold in carriers of factor V Leiden.  

    Pregnancy 
 Pregnancy increases the risk of thrombosis due in part to 
obstruction of venous return by the enlarged uterus and the 
hypercoagulable state associated with pregnancy. Estimates 
of the age-adjusted incidence of VTE range from 5 to 50 
times higher in pregnant versus nonpregnant women with an 
absolute incidence of 1 in 500–2,000 pregnancies (0.025–
0.10 %) [ 32 ,  33 ].  

    Drugs 
 While several drugs increase the risk of venous thrombosis, 
oral contraceptives have the greatest impact because of their 
widespread use. Among young women, oral contraceptive 
use represents the most important cause of thrombosis [ 34 ]. 
Observational studies, the HERS trials, and a meta-analysis 
published before the Women’s Health Initiative, identifi ed an 
association between hormone replacement therapy (HRT) 
and venous thromboembolism (VTE). These studies reported 
that HRT caused an approximately twofold increase in VTE 
risk, which appeared to be greatest in the fi rst year of treat-
ment [ 35 – 38 ]. Other medications associated with increased 
risk of VTE include tamoxifen and bevacizumab.  

    Immobilization 
 Immobilization favors venous stasis which increases the risk 
of DVT and subsequent PE. Warlow et al. evaluated the 
effect of immobilization by using radiolabeled fi brinogen to 

study patients with unilateral lower extremity paralysis [ 39 ]. 
They found that DVT developed in 60 % of the paralyzed 
limbs compared with a DVT rate of only 7 % in the contra-
lateral normal leg which acted as an internal control. 
Prolonged immobilization during air travel may increase the 
risk of DVT; however, its clinical impact remains unclear. A 
meta-analysis reported a slightly increased rate of asymp-
tomatic DVT after long haul air travel defi ned as fl ight dura-
tion greater than 7 h. None of the reviewed studies reported 
any symptomatic DVTs, deaths, or pulmonary emboli [ 40 ].  

    Prior Episode of VTE 
 In an outpatient prospective cohort study, the risk of recurrence 
after an acute episode of venous thrombosis was 18, 25, and 
30 % at 2, 5, and 8 years, respectively [ 42 ]. In a community 
epidemiologic study, a history of VTE conferred a relative risk 
(RR) of 7.9 for VTE recurrence [ 43 ]. The association between 
lower extremity superfi cial venous thrombophlebitis (SVTP) 
and DVT risk is less clear. A retrospective study showed a DVT 
rate of 2.7 % following an episode of SVTP compared to 0.2 % 
in control patients (OR 10.2). This relationship became less 
robust and lost statistical signifi cance when the authors con-
trolled for a previous history of VTE [ 41 ].  

    Antiphospholipid Antibodies 
 The presence of antibodies directed against phospholipid- 
bound plasma proteins characterizes the antiphospholipid 
syndrome. Patients can present clinically with venous or 
arterial thrombosis, recurrent fetal loss, and occasional 
thrombocytopenia. The disorder may be classifi ed as pri-
mary or associated with systemic lupus erythematosus and 
other connective tissue diseases. In one large series, antiphos-
pholipid antibodies were present in 4.1 % of 2,132 consecu-
tive patients presenting with DVT [ 18 ].   

    Anatomic Factors Associated 
with Increased Risk of DVT 

 May-Thurner syndrome involves hemodynamically signifi cant 
compression of the left common iliac vein between the overly-
ing right common iliac artery and the underlying vertebral 
body. Although this anatomic pattern is common in asymptom-
atic subjects, May-Thurner syndrome has been implicated in 
patients with unprovoked left iliofemoral DVT or chronic 
venous insuffi ciency [ 44 ]. The incidence of May- Thurner syn-
drome peaks in women between the ages of 20 and 50, and it 
may be more common in those with reduced left common iliac 
vein diameters and/or severe degrees of iliac vein compression. 
Recurrent episodes of DVT may respond poorly to treatment 
with anticoagulation alone requiring catheter-directed throm-
bolysis and balloon angioplasty with intravascular stenting, 
especially in those with limb-threatening thrombosis. 
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 Paget-Schroetter syndrome, also referred to as spontane-
ous upper extremity venous thrombosis, usually results from 
an underlying compressive anomaly at the thoracic outlet. 
Compression of the subclavian vein usually occurs between 
the fi rst rib and a hypertrophied scalene or subclavius tendon 
or between the tendons themselves.   

    Diagnosis 

 The clinical diagnosis of DVT is unreliable because the non-
specifi c signs and symptoms of venous thrombosis can be 
easily confused with other disease processes. Lower extrem-
ity swelling, the most common physical sign of DVT, has sev-
eral nonvenous causes including infl ammation from infection 
and soft tissue injury. Furthermore, nonocclusive venous 
thrombus can remain asymptomatic until it embolizes or 
completely occludes the vein. Despite these diagnostic chal-
lenges, a thorough history and physical examination can help 
correctly identify DVT when it is present and rule it out when 
it is absent. Venous duplex ultrasound provides a noninvasive, 
objective tool for detecting DVT and guiding treatment. 

    Clinical Assessment 

 Wells et al. developed a clinical model to determine the prob-
ability of DVT prior to defi nitive diagnostic testing in symp-
tomatic outpatients [ 45 ]. Patients were stratifi ed into high-, 
moderate-, or low-probability groups based on a score 
derived from their clinical characteristics (Table  9.2 ). 
Applying this scoring system to 529 patients, they reported 
that a DVT was detected in 85 % of patients in the high pre-
test probability category, 33 % in the moderate, and 5 % in 
the low category. They also demonstrated that using a clini-
cal model in conjunction with ultrasound would decrease the 
number of false-positive and false-negative diagnoses if 
ascending phlebography was used when the ultrasound result 
and pretest probability disagreed. These investigators subse-
quently integrated  D -dimer testing with clinical probability 
to conserve vascular laboratory resources [ 46 ].

   In a prospective multicenter management study, Elf et al. 
theorized that if a patient was categorized as low pretest 
probability and a moderate sensitivity  D -dimer test was nega-
tive, DVT could be ruled out without further diagnostic test-
ing [ 47 ]. In a study of 110 patients, only one patient who had 
both low pretest probability and negative  D -dimer developed 
an episode of venous thromboembolism within the next 
3 months. Others have reported similar results in outpatients 
with low pretest probability score and negative  D -dimer 
results [ 48 ]. A negative  D -dimer, however, cannot be used to 
exclude DVT in patients with a high pretest probability 
score, as up to 20 % of these patients have a DVT confi rmed 
subsequent to test results [ 48 ].  

    Venous Duplex Ultrasound 

 Venous duplex ultrasound is the diagnostic method of choice 
for most patients being evaluated for acute DVT. Table  9.3  
lists the duplex criteria used to detect a DVT, the most impor-
tant of which is compressibility of the vein being examined. 
Duplex ultrasound examination of a normal, patent vein 
demonstrates a black lumen that can be completely com-
pressed by exerting pressure on the ultrasound probe. Acute 
thrombus has the same density as blood and therefore the 
lumen of a thrombosed vein also appears black (anechoic) by 
ultrasound examination. The distinguishing characteristic of 
an acute DVT is the inability to completely compress the 
vein under the probe. In the setting of an iliofemoral throm-
bosis, the more distal lower extremity veins may be patent 
but non-compressible because of the high venous pressures 
caused by the proximal occlusion. The sensitivity and speci-
fi city reported in any single study of venous duplex ultra-
sound depend on the number of isolated iliac and calf vein 
thromboses included in the patient sample, as these are more 
diffi cult to diagnose.

   Additional sonographic signs of acute DVT include 
dilated veins and enlarged venous collaterals. As thrombus 
ages, the density increases, making it more echogenic and 
visible by ultrasound. A negative venous duplex examination 
reliably excludes DVT, and withholding anticoagulation on 

   Table 9.2    Pretest clinical probability (Wells’ score) [ 45 ]   

 Characteristic  Score 

 Active cancer  1 
 Paresis, paralysis, or recent immobilization of lower limb  1 
 Bedridden >3 days or major surgery <4 weeks  1 
 Localized tenderness  1 
 Entire leg swollen  1 
 Calf swelling >3 cm (compared with asymptomatic limb)  1 
 Pitting edema  1 
 Collateral superfi cial veins  1 
 Alternative diagnosis as likely or greater than DVT  −2 

  High risk: ≥3 
 Moderate risk: 1–2 
 Low risk: 0  

   Table 9.3    Venous duplex diagnosis of acute DVT: criteria   

 Component  Criteria 

 B-mode imaging  Noncompressibility of vein 
 Visible intraluminal thrombus 
 Dilated veins 
 Enlarged branch veins (collaterals) 

 Doppler  Loss of respiratory phasicity 
 Loss of spontaneous venous signal 
 Abnormal augmentation 
 Elevated fl ow velocity (wind tunnel sound) 
in main vein 
 Elevated fl ow velocity in branch veins (collaterals) 
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the basis of one or more negative ultrasound evaluations is a 
safe and well-established practice [ 49 – 51 ]. The most reliable 
physical sign of acute DVT is unilateral leg edema which 
warrants a defi nitive ultrasound examination. In most cases, 
the patient should receive empiric anticoagulation therapy if 
the ultrasound examination will be signifi cantly delayed. 

 In the past, venous duplex ultrasound exams focused on 
compression of the common femoral and popliteal veins 
assuming that the diagnosis of calf vein DVT was unreliable 
and clinically inconsequential. More recent studies demon-
strate that DVT frequently begins in the calf veins [ 52 ,  53 ] 
and that isolated calf DVT progresses into the popliteal vein 
in 25–30 % of cases [ 53 – 56 ]. Moreover, pulmonary emboli 
have been reported in 8–34 % of patients with isolated calf 
vein thrombosis [ 57 ]. Although the accuracy of venous 
duplex for detecting calf vein thrombosis varies, some 
reports cite sensitivity and specifi city rates of 90 and 100 %, 
respectively [ 58 ,  59 ]. 

 The diagnostic sensitivity of venous ultrasound may vary 
between symptomatic and high-risk asymptomatic patients. 
In a study of postoperative orthopedic patients, 24 % of 
symptomatic and 88 % of asymptomatic patients had iso-
lated calf vein thrombosis [ 60 ]. In the symptomatic group, 
venous duplex ultrasound had 85 % sensitivity and 86 % 
specifi city, but in the asymptomatic group, the sensitivity 
dropped to 16 % although the specifi city was 99 %. 

 Ultrasound diagnosis of an isolated iliac vein thrombosis 
can be challenging. The physical fi nding of unilateral lower 
extremity edema extending distally from the inguinal liga-
ment should raise clinical suspicion for an isolated iliac vein 
thrombosis. In contrast, patients with internal iliac vein 
thrombosis or nonocclusive thrombus of the common iliac or 
proximal external iliac veins often remain asymptomatic. 
Compressibility, the most accurate ultrasound test for DVT, 
cannot be used to evaluate the iliac veins or inferior vena 
cava because of their location in the pelvis and retroperito-
neum. Diagnosing an iliac vein or caval thrombosis therefore 
depends on indirect ultrasound fi ndings including color fl ow 
imaging and venous velocity profi les, in addition to the gray-
scale image itself. Unfortunately, patients with abdominal 
obesity or extensive bowel gas present technical challenges 
to imaging the iliac veins and cava, and up to 24 % of these 
patients have a nondiagnostic exam [ 61 ].  

    Phlebography and Venography 

 In the past, ascending phlebography had widespread use as a 
diagnostic tool for detecting lower extremity DVT. Although 
it required venous access in the foot and could cumbersome 
to perform, ascending phlebography proved to be an accurate 
test with high sensitivity and specifi city. Weinmann and 
Salzman reported a 2–3 % risk of contrast-induced thrombo-
sis following phlebography; however, the use of nonionic 

contrast, elevation of the leg, and fl ushing with heparinized 
saline reduces this risk considerably [ 62 ]. Ascending phle-
bography now plays a very limited role in diagnosing DVT 
having been replaced by other noninvasive imaging modali-
ties, most notably venous duplex ultrasound. 

 Computerized tomographic (CT) and magnetic resonance 
(MR) venography have several advantages, particularly in 
imaging patients with a suspected pelvic DVT. Both types of 
cross-sectional imaging can detect abdominal, pelvic, and 
chest pathology (pelvic masses, abdominal or thoracic 
malignancies) that may be etiologically associated with the 
development of venous thrombosis. CT and MR venography 
can also show iliac vein compression resulting from the 
overlying iliac artery (May-Thurner syndrome). 
Disadvantages of CT and MR venography include radiation 
exposure (CT), high cost, and limited availability.  

     D -Dimer Tests 

 After factor XIII stabilizes cross-linked fi brin during clot 
formation, autogenous plasmin breaks down the fi brin, 
releasing the fragments into the blood stream.  D -dimer repre-
sents one type of fragment which can be detected with a 
blood test [ 63 ]. A positive  D -dimer test indicates the pres-
ence of thrombus; however, it cannot determine the thrombus 
location or its clinical signifi cance. In practice, the  D -dimer 
test acts as a sensitive but nonspecifi c diagnostic tool which 
has clinical utility in excluding the diagnosis of DVT in 
patients with low thrombotic risk. A negative  D -dimer test in 
a patient with a low clinical suspicion results in a 99 % nega-
tive predictive value for DVT [ 45 ,  47 ,  64 ]. In this clinical 
situation, no further testing is required and anticoagulation 
can be safely withheld. Other conditions can elevate  D -dimer 
levels including infl ammation, recent surgery, infection, and 
pregnancy, making the  D -dimer test more accurate in the out-
patient setting. 

 The evaluation of patients with suspected venous throm-
bosis begins with a thorough clinical assessment to gauge the 
pretest probability of DVT. The  D -dimer blood test along 
with venous duplex ultrasound provide adjunctive diagnostic 
tools that can help exclude or confi rm the presence of DVT.   

    Treatment Strategies 

 Appropriate treatment of acute DVT can signifi cantly 
improve short- and long-term patient outcomes. Several 
studies highlight the short-term benefi t of early and sustained 
therapeutic anticoagulation for acute DVT. Other studies 
focusing on the duration of anticoagulation show that longer 
treatment times lower the risk of recurrent DVT. A new gen-
eration of oral anticoagulants promises greater ease of use 
and may eliminate some of the logistic barriers to outpatient 
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anticoagulation therapy. The key to making sound treatment 
decisions is recognizing that not all venous thromboses are 
the same. Some patients do well with anticoagulation alone 
(e.g., isolated calf vein thrombosis), whereas patients with 
extensive iliofemoral DVT often benefi t from a strategy of 
thrombus removal followed by effective anticoagulation. 
The treatment strategies outlined in the following sections 
are based on the level and extent of venous thrombosis, the 
known natural history of acute DVT, and the recognized ben-
efi ts of therapy. 

    Importance of Anticoagulation 

 The goal of immediate anticoagulation with heparin is to 
interrupt ongoing thrombosis while long-term oral antico-
agulation with warfarin attempts to prevent recurrent 
DVT. Brandjes et al. demonstrated the importance of initial 
therapeutic anticoagulation by randomizing patients to either 
prompt anticoagulation with heparin followed by vitamin K 
antagonists (VKA) or VKAs alone [ 65 ]. Patients receiving a 
VKA alone had recurrent thrombotic events three times more 
frequently than those who received heparin immediately. 
The authors associated this fi nding with the fact that patients 
treated with warfarin alone had a delay of several days before 
they reached therapeutic anticoagulation. Hull et al. con-
fi rmed the need for early therapeutic anticoagulation [ 66 ]. 
They reported a 24.5 % rate of recurrence in patients whose 
treatment with heparin failed to achieve therapeutic levels 
within the fi rst 24 h, compared with a 1.6 % recurrence rate 
in those reaching an early therapeutic level. Current guide-
lines favor low-molecular-weight heparin (LMWH) over 
unfractionated heparin (UFH) in the initial period and advise 
that heparin overlap a VKA for a minimum of 5 days to 
ensure therapeutic anticoagulation. Studies on the duration 
of suggest that the longer anticoagulation is continued, the 
lower the risk of recurrence. Decisions on the length of treat-
ment must always strike a balance between the risk of recur-
rent thrombosis and the risk of bleeding. 

 The emergence of new oral anticoagulants may change 
the paradigm of care for acute DVT. Randomized clinical tri-
als on direct inhibitors of factor Xa (rivaroxaban, apixaban) 
or factor IIa-thrombin (dabigatran) show that these com-
pounds are effective and safe in the management of patients 
with venous thromboembolic disease [ 67 ,  68 ]. The new oral 
anticoagulants have several advantages including the fact 
that they are rapidly absorbed, require no monitoring, have 
fewer drug and food interactions than VKAs, and do not 
require parenteral heparin. The enhanced safety profi le and 
ease of use associated with the new oral agents may ulti-
mately shift the risk-benefi t analysis in favor of prolonged 
anticoagulation to prevent DVT recurrence [ 68 – 71 ].  

    Determining Treatment by Type of DVT 

    Calf Vein Thrombosis 
 Although patients with isolated calf vein thrombosis have the 
lowest thrombotic burden and the best overall prognosis, they 
still carry a risk of thrombus extension or thromboembolic 
sequelae. A randomized trial of idiopathic calf DVT com-
pared 3 months of therapeutic anticoagulation with 5 days of 
anticoagulation followed by placebo. Thrombus propagated 
or recurred in 19 % of patients who received only 5 days of 
anticoagulation compared to no major thromboembolic com-
plications observed in patients anticoagulated for 3 months 
[ 54 ]. Current guidelines recommend 3 months of anticoagu-
lation for symptomatic calf DVT. For asymptomatic calf 
DVT, 2 weeks of serial ultrasound Doppler examinations 
should be performed and anticoagulation should be initiated 
if thrombus extension occurs [ 72 ]. We recommend treating 
isolated calf DVT with anticoagulation and compression 
stockings unless the patient is at high risk for bleeding. In 
patients with a high bleeding risk, we recommend compres-
sion and ambulation with serial ultrasound surveillance.  

    Femoral Vein Thrombosis 
 Patients with isolated femoral vein thrombus, particularly in 
the mid or upper thigh, typically do well with anticoagulation 
alone due to collateral venous drainage from the popliteal and 
profunda femoral veins to the common femoral vein. Often, 
functional valves exist above and below the vein segment 
involved with thrombus. Recanalization of the thrombus does 
not play a critical role as long as the popliteal and common 
femoral veins remain free of obstructive thrombus.  

    Popliteal Vein Thrombosis 
 Patients with occlusive femoropopliteal vein thrombosis 
extending into the popliteal vein “trifurcation” frequently 
have severe acute symptoms. Occlusion of the axial venous 
drainage of the calf causes distal venous hypertension and 
signifi cant postthrombotic morbidity. We consider active 
patients with symptomatic femoropopliteal DVT to be candi-
dates for catheter-directed thrombolysis followed by com-
pression and 3–6 months of anticoagulation.  

    Iliofemoral DVT 
 Although a DVT in any location can result in postthrom-
botic complications, an iliofemoral DVT poses the threat 
of debilitating PTS symptoms especially when patients are 
treated with anticoagulation alone [ 4 ,  73 ]. Anatomically, 
the common femoral, external iliac, and common iliac 
veins make up the single outfl ow venous channel for the 
entire lower extremity. Thrombotic obliteration of this 
lone outfl ow channel therefore results in the highest venous 
pressures and the most severe postthrombotic morbidity. 
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Labropoulos et al. studied arm-foot pressure differentials at 
rest and during postocclusive reactive hyperemia in post-
thrombotic patients who were treated with anticoagulation 
alone at the time of their acute DVT [ 74 ]. They found that 
iliofemoral DVT patients had the highest resting and hyper-
emic venous pressures. Qvarfordt and Eklof et al. provided 
objective evidence that immediate thrombus removal reduced 
venous pressure in patients with iliofemoral DVT [ 75 ]. They 
recorded lower extremity compartment pressures (a surro-
gate for venous pressures) in patients with acute iliofemoral 
DVT before and after venous thrombectomy and found very 
high compartment pressures preoperatively which normal-
ized postoperatively. 

 Another important but generally overlooked observation 
in patients with iliofemoral DVT is the risk of recurrence. 
Douketis and colleagues found that patients with iliofemoral 
DVT had a greater than twofold risk of recurrent venous 
thromboembolism compared to patients with infrainguinal 
DVT (11.8 % vs. 5.2 %) [ 76 ]. Several clinical outcome stud-
ies show that recurrent DVT increases the frequency and 
severity of postthrombotic syndrome.   

    Treatment with a Strategy 
of Thrombus Removal 

 Thrombus removal attempts to minimize the clinical impact of 
acute DVT by reducing the risk of PTS and recurrent throm-
bosis. The rationale behind thrombus removal can be traced to 
natural history studies of acute DVT treated with anticoagula-
tion alone. Effi cient endogenous fi brinolysis, which resolved 
thrombus within 60–90 days, restored venous patency and 
preserved valve function [ 77 ]. Extended follow- up in the same 
patient cohort showed that patients whose thrombus did not 
resolve had a much higher rate of recurrent DVT [ 78 – 80 ]. 

 PTS occurs in 25–46 % of patients following acute DVT 
and represents a major source of morbidity which signifi -
cantly reduces patients’ quality of life [ 4 ,  42 ,  73 ,  81 – 83 ]. 
Factors that increase the risk of PTS include iliofemoral 
DVT, residual thrombus, and recurrent thrombosis. Thrombus 
removal attempts to counteract the risk factors for PTS by 
restoring venous patency, preserving valve function, and 
reducing the rate of DVT recurrence. Aziz et al. [ 12 ] reported 
that recurrent DVT following catheter-directed thrombolysis 
for iliofemoral DVT correlated with the quantity of residual 
thrombus remaining after treatment. Patients experiencing 
successful thrombolysis had signifi cantly less recurrence 
than patients with >50 % of their initial thrombus burden 
remaining after thrombolysis. 

 Treatment strategies designed to eliminate thrombus from 
the deep veins include operative venous thrombectomy, catheter- 
directed thrombolysis, and percutaneous pharmacomechanical 

thrombolysis. An algorithm that illustrates our suggested strat-
egy of thrombus removal is shown in Fig.  9.1 .

      Surgical Venous Thrombectomy 
 Surgical venous thrombectomy represents the fi rst technique 
developed for eliminating venous thrombus. Although it is an 
invasive procedure, surgical venous thrombectomy is effec-
tive in removing thrombus and decreasing the risk of 
PTS. Plate et al. randomized patients to surgical venous 
thrombectomy plus anticoagulation versus anticoagulation 
alone [ 6 ,  84 ,  85 ]. They found that patients randomized to 
thrombectomy had higher venous patency rates, improved 
venous hemodynamics, and a reduced risk for developing 
PTS. More recent studies confi rm that venous thrombectomy 
signifi cantly reduces early morbidity in patients with iliofem-
oral DVT who present with severe symptoms including 
phlegmasia cerulea dolens. Comerota and Gale described the 
basic principles and operative techniques of contemporary 
surgical venous thrombectomy [ 86 ]. Technical improvements 
include the use of venous thrombectomy catheters, infrain-
guinal thrombectomy, fl uoroscopic-guided iliocaval throm-
bectomy with completion intraoperative phlebography, 
correction of underlying venous outfl ow stenoses, construc-
tion of an arteriovenous fi stula, and immediate and prolonged 
therapeutic anticoagulation in the postoperative period with 
catheter-directed heparin infusion into the thrombectomized 
venous system. The long-term benefi ts of venous thrombec-
tomy stem from its ability to restore proximal venous patency 
and preserve the competence of venous valves. Both of these 
benefi ts depend upon the initial technical success of the pro-
cedure and the avoidance of recurrent thrombosis.  

  Fig. 9.1    Algorithm illustrates suggested strategy of thrombus removal 
for patients with iliofemoral DVT       
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    Catheter-Directed Thrombolysis 
 In recent years, catheter-directed thrombolyis (CDT) has 
emerged as a less-invasive alternative to surgical venous 
thrombectomy. CDT targets patients with extensive iliofem-
oral DVT and shares the same treatment objectives as surgi-
cal thrombectomy. Both strategies attempt to eliminate 
thrombus in order to relieve acute pain and suffering and 
reduce long-term postthrombotic morbidity. Technical suc-
cess after CDT for acute DVT ranges from 80 to 90 % [ 87 ]. 
In a cohort-controlled observational study of patients with 
iliofemoral DVT, Comerota et al. showed that CDT signifi -
cantly improved the quality of life compared to treatment 
with anticoagulation alone [ 83 ].  

   Pharmacomechanical Thrombolysis 
 One drawback of CDT using the infusion technique involves 
the long treatment times required to adequately clear the clot. 
Sillesen et al. [ 88 ] reported the results of standard CDT using 
drip technique in a young patient cohort (mean age of 
31 years) with iliofemoral DVT who had a short duration of 
symptoms (less than 6 days). At hospital discharge and 1-year 
follow-up, 93 % of their patients had patent veins and normal 
venous valve function. These results required a mean treat-
ment time of 71 h, which may exceed the capacity of many 
health systems and the patience of many physicians. 
Integrating percutaneous mechanical thrombectomy into the 
treatment regimen can accelerate thrombolysis while reduc-
ing the dose of lytic agent and shortening overall treatment 
time. Pharmacomechanical thrombolysis, the combination of 
lytic infusion and mechanical thrombectomy, has gained pop-
ularity as an alternative to the standard drip method of CDT. 

 A number of studies compared percutaneous mechanical 
thrombectomy alone with treatment regimens that combine 
mechanical clot removal with enzymatic thrombolysis [ 89 , 
 90 ]. While percutaneous mechanical thrombectomy alone 
achieved limited success, signifi cant benefi t was observed 
when plasminogen activators were incorporated into the 
mechanical clot disruption. 

 Parikh et al. evaluated the technique of ultrasound- 
accelerated thrombolysis in 53 patients with acute DVT 
(60 % lower extremity) [ 91 ]. After a median infusion time of 
22 h, 70 % of the patients had greater than 90 % lysis, 91 % 
had complete or partial lysis, and only 4 % of patients devel-
oped a major complication. When compared to historical 
controls, there was a signifi cant advantage of ultrasound- 
accelerated lysis in reducing the lytic dose and shortening 
treatment times. 

 Baker et al. reported different results in a single-center 
retrospective analysis of CDT ( N  = 19) versus ultrasound- 
accelerated thrombolysis ( N  = 64) in patients with ilio-
femoral DVT [ 92 ]. The baseline parameters, extent of 
DVT, and time since onset of symptoms did not differ 
between groups. Both treatment groups had a similar and 

substantial resolution of thrombus load (CDT = 89 %, 
ultrasound = 82 %;  P  = 0.560). There were no signifi cant 
differences in the lytic drug infusion rate, dose of plasmino-
gen activator, infusion time, or use of adjunctive procedures 
between groups. Major and minor bleeding complications 
were observed in 8.4 and 4.8 % of patients and were not 
 statistically different between groups. Resolving the confl ict-
ing data regarding ultrasound- accelerated thrombolysis will 
require an appropriately designed randomized trial. 

 The technique of isolated segmental pharmacomechani-
cal thrombolysis (ISPMT) employs a double-balloon cathe-
ter known as the Trellis catheter (Covidien, Mansfi eld, MA). 
After infl ating the two balloons, thrombolytic agent is 
directly infused into the isolated venous segment. A disper-
sion wire is then advanced into the catheter, causing the cath-
eter to assume a spiral confi guration between the two 
balloons. The catheter is activated to spin at 3,500 rpm for 
20 min and is then aspirated to remove the macerated and 
dissolved thrombus. After defl ating the balloons repeat 
venography assesses venous patency. If the results are satis-
factory, the catheter can be repositioned to treat additional 
vein segments. If thrombolysis is inadequate, treatment can 
be repeated. Although some physicians use up to 10 mg of 
recombinant tissue plasminogen activator (rtPA) per seg-
ment, the authors feel that this represents an unnecessarily 
excessive dose. Using 2–3 mg of rtPA in the infusate should 
yield the same effi cacy without exposing the patient to the 
potential risk of a systemic lytic effect if multiple runs were 
required. This is supported by personal observation and the 
evolution of catheter-directed thrombolysis during the past 
10–12 years. Overall, the interventional community has 
started to recognize the success of lower doses of rtPA deliv-
ered in higher volumes of infusion (50–100 cc/h). Future 
studies may show that even 2–3 mg of rtPA is overdosing if 
smaller doses prove to be equally effective. 

 Martinez et al. evaluated the benefi t of ISPMT in a study 
of 43 consecutive patients treated at the Jobst Vascular 
Institute [ 10 ]. Twenty-one patients were treated with CDT 
using the drip technique and 22 patients were treated with 
ISPMT plus CDT when necessary. All patients had veno-
plasty and stenting to correct an underlying stenosis when it 
was present, and all patients had subsequent therapeutic 
anticoagulation. After evaluating the quantity of thrombus 
pre- and posttreatment, the investigators found that patients 
undergoing ISPMT had better overall lysis than those treated 
with the catheter-directed drip technique. Signifi cantly, 
more patients in the ISMPT group had complete (>95 %) 
thrombolysis with a shorter treatment time (23.4 versus 
54.4 h;  P  = 0.001) and lower dose of rtPA (33.4 versus 
59.3 mg;  P  = 0.007). There was no difference in ICU or hos-
pital length of stay due to the patient’s underlying comor-
bidity, and there was no difference in bleeding complications 
or transfusions.  
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   Randomized Trials 
 Only two randomized trials comparing CDT to anticoagula-
tion alone have been reported. Elsharawy et al. randomized 
35 patients with iliofemoral DVT to CDT or anticoagulation 
alone [ 7 ]. Patency was restored in 72 % of the CDT group 
versus 12 % in the anticoagulation group ( P  < 0.001). 
Although CDT preserved normal valve function in more 
patients (89 % vs. 59 % at 6 months), the true difference in 
valve function may not have been underestimated by this 
study. Evaluating valve function requires a patent vein and 
most of the veins in the anticoagulation group remained 
obstructed. Longer follow-up allowing recanalization may 
have yielded a higher percentage of abnormal valves in the 
anticoagulation group and further emphasized the advantage 
of CDT. 

 Enden et al. examined the clinical outcomes of patients 
with a fi rst-time, acute iliofemoral DVT [ 5 ]. In their multi-
center randomized trial, patients with symptoms for up to 
21 days received either CDT or standard anticoagulation 
alone with 30 mmHg gradient compression stockings. The 
primary clinical endpoint was the frequency of the post-
thrombotic syndrome at 24 months and iliofemoral patency 
at 6 months. After a mean treatment duration of 2.4 days, 
43 % of patients in the CDT group had complete lysis, 37 % 
had partial, and 10 % were deemed unsuccessful. Major 
bleeding complications occurred in 3 % of patients receiving 
CDT versus none randomized to anticoagulation alone. At 
6 months, 66 % of CDT patients and 47 % of anticoagulation 
patients had a patent iliofemoral system. At 24 months, 
fewer patients in the CDT group had postthrombotic syn-
drome compared with the anticoagulation cohort (41 % vs 
56 %,  P  = 0.047). 

 A National Institutes of Health-sponsored trial, the 
ATTRACT study [ 93 ] is currently underway with over 390 
patients randomized. It is anticipated that this study will 
offer defi nitive data regarding the benefi t of thrombus 
removal versus anticoagulation alone for iliofemoral 
DVT. Patients with acute proximal DVT will be stratifi ed by 
DVT distribution (iliofemoral or femoropopliteal) and results 
evaluated according to the procedural strategy (pharmacom-
echanical vs. CDT drip) compared to anticoagulation alone.    

    Phlegmasia Cerulea Dolens 

 Phlegmasia cerulea dolens (PCD) represents a limb- 
threatening condition that results from an extensive DVT 
most commonly involving the iliofemoral segment (Fig.  9.2 ). 
Patients with PCD have a painful, edematous, and cyanotic 
extremity due to multilevel venous occlusion. Cyanosis 
occurs because of the inability of the dermal venous plexus 
to drain blood containing increased levels of carboxyhemo-
globin. In contrast, phlegmasia alba dolens occurs in patients 

with less-extensive venous occlusion and is characterized by 
a pale, painfully swollen extremity. PCD occurs more fre-
quently than is generally thought and is associated with 
severe postthrombotic morbidity and high recurrence rates if 
treated with anticoagulation alone [ 4 ,  73 ,  81 ]. Although the 
left lower extremity is the most commonly affected, up to 
5 % of PCD cases occur in the upper extremity [ 94 ,  95 ].

   PCD symptoms include pain, cyanosis, and edema which 
often starts distally and progresses proximally over a period of 
a few hours to several days. Pain occurs from the associated 
venous hypertension and elevated muscle compartment pres-
sures. Skin blistering indicates high tissue pressures which 
can result in partial-thickness necrosis if the venous outfl ow 
patency is not rapidly reestablished. Irreversible  tissue loss due 
to full-thickness skin necrosis represents venous gangrene. 

 Most patients with PCD have palpable pedal pulses or 
audible Doppler signals in the feet. Arterial compromise is 
unusual, but when it occurs, the lower extremity pain changes 
in character and becomes unremitting. Sensory or motor defi -
cits indicate impending venous gangrene and predict a poor 
prognosis for limb viability. Skin blistering and arterial or neu-
ral compromise warrants immediate intervention to remove 
the thrombus, restore venous outfl ow, and salvage the limb. 

 Doppler ultrasonography should be used to confi rm the 
diagnosis of PCD. It is important to assess the inferior vena 
cava (IVC) for thrombus as it may alter treatment options. 

  Fig. 9.2    Phlegmasia cerulea dolens of the left lower extremity. Photo 
illustrates swelling and cyanosis. The patient experienced continuous 
discomfort       
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Computed tomography angiography (CTA), magnetic reso-
nance venography (MRV), and standard venography offer 
diagnostic imaging alternatives. While an MRV takes more 
time than CTA, it eliminates radiation and avoids the use of 
nephrotoxic iodinated agents that can cause complications in 
the setting of severe volume depletion. If catheter-based 
techniques will be used for thrombus removal, direct study 
of the IVC can be performed at the time of intervention. 

 Testing for hypercoagulability or thrombophilia is often 
performed in patients presenting with PCD. These investiga-
tions do not usually affect patient management decisions 
either acutely or over the long term. However, in patients 
with PCD from an idiopathic DVT, a thrombophilia evalua-
tion should be performed on fi rst-degree female relatives of 
childbearing age as the results may impact their care during 
future pregnancies. 

 PCD should be treated with a strategy of thrombus 
removal to avoid postthrombotic morbidity and reduce the 
risk of recurrence (Fig.  9.3 ) [ 8 ,  9 ,  12 ,  96 ]. Initial manage-
ment should incorporate therapeutic anticoagulation, eleva-
tion of the affected limb, snug compression bandaging of the 
limb from toes to upper thigh, appropriate fl uid resuscitation, 
and ambulation. Although surgical venous thrombectomy 
with or without an arteriovenous fi stula is effective, catheter- 
based strategies are now more commonly performed [ 97 ].

   Catheter-directed thrombolysis for patients with PCD has 
a success rate of 85–95 % [ 11 ,  98 ,  99 ]. When CDT is com-
bined with percutaneous mechanical thrombectomy tech-
niques, the amount of clot removed is greater over a short 
period of time using a lower dose of lytic agent [ 10 ,  100 ]. All 
patients should wear 30–40 mmHg compression stockings 
from awakening until returning to bed, and long-term oral 
anticoagulation with warfarin should target an international 
normalized ratio (INR) of 2.0–3.0. Although some practitio-
ners believe that fasciotomy should be universally per-
formed, it is often unnecessary if venous drainage is quickly 
restored. Restoring iliofemoral venous drainage should be 
considered the top treatment priority.  

    Long-Term Sequelae of DVT 

    Mortality 

 Not surprisingly, mortality after acute DVT is increased com-
pared to age-matched controls. The in-hospital case fatality 
rate for acute DVT is approximately 5 %, and subsequent 1-, 
3-, and 5-year mortality rates of 22, 30, and 39 %, respectively, 
have been reported [ 3 ,  101 ,  102 ]. Cancer is the most common 
cause of early death in patients with acute DVT, especially in 
patients over 44 years of age [ 101 ,  103 ]. The 1-month mortal-
ity rate among cancer patients with DVT is as high as 25 %, 
while the 1-year mortality rate is 63 % compared to 12.6 % in 
patients without cancer [ 101 ,  104 ]. The duration of increased 
mortality risk for patients with DVT and cancer persists for at 
least 3 years after diagnosis, whereas the mortality risk follow-
ing secondary DVT (due to a transient risk) returns to that 
of the general population after 6 months [ 101 ]. 

 DVT has also been linked to arterial thrombotic events, 
specifi cally cardiovascular death. Acute thrombosis is the 
common denominator for both DVT and myocardial infarc-
tion. Therefore, it is not surprising that the presence of residual 
venous thrombus at the time anticoagulants are stopped after 
treating a DVT may be a marker for a cardiovascular event 
[ 105 ,  106 ]. There appears to be a defi nite association between 
idiopathic venous thromboembolic events (VTE) and clinical 
cardiovascular disease. Patients with idiopathic VTE have 
more atherosclerotic risk factors and a higher 10-year risk of a 
symptomatic cardiovascular event compared to patients with 
secondary VTE (25.4 % vs. 12.9 %) [ 107 ,  108 ].  

    Pathophysiology of Postthrombotic Morbidity 

 Venous valvular dysfunction and outfl ow obstruction lead to 
ambulatory venous hypertension and are the underlying cause 
of chronic venous disease and the postthrombotic syndrome 
[ 109 ,  110 ]. While venous valvular function can be easily 

  Fig. 9.3    Photograph of patient’s leg 16 months following treatment 
with a strategy of thrombus removal. The patient was asymptomatic; 
the veins were patent and had normal valve function       
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identifi ed and precisely quantifi ed, venous obstruction often 
remains undiagnosed. Current invasive and noninvasive 
imaging studies often fail to detect venous obstruction, and 
venous obstruction cannot be quantifi ed. Therefore, the 
importance of venous obstruction as a contributor to 
 postthrombotic morbidity has been largely underappreciated. 
Patients with venous obstruction generally have signifi cant 
postthrombotic symptoms, and when obstruction and valve 
incompetence occur in the same patient, postthrombotic mor-
bidity can be severe [ 109 ,  111 ]. 

 A well-recognized risk factor for postthrombotic mor-
bidity is ipsilateral recurrent venous thrombosis. DVT 
recurs in up to 24 % of patients at 5 years and 30 % of 
patients at 8 years following initial diagnosis [ 80 ,  106 , 
 112 ]. Patients with idiopathic DVT or thrombophilia have a 
2.5- to 3-fold increased risk of recurrence compared to 
patients with transient thrombotic risk factors. The risk of 
recurrent DVT appears to correlate with the adequacy of 
anticoagulation throughout the course of treatment for 
acute DVT. Subtherapeutic anticoagulation early in the 
treatment of acute DVT is associated with a 15-fold 
increased risk of recurrence. Over the long term, the risk of 
new thrombotic events increases 1.4 fold for each 20 % reduc-
tion in the time of therapeutic anticoagulation [ 66 ,  113 ]. 

 Persistent luminal obstruction and ongoing thrombus 
activity also increase the risk of recurrent thrombosis. 
Following termination of anticoagulation, failure of com-
plete recanalization manifested by persistent luminal 
obstruction on duplex ultrasound was associated with a sig-
nifi cantly higher risk of recurrence compared to patients 
with a normal duplex examination [ 80 ,  112 ,  114 ]. 
Furthermore, ongoing thrombus activity detected as an ele-
vated  D -dimer level 1 month after stopping anticoagulation is 
associated with a 310 % increased risk for recurrent throm-
bosis [ 115 ,  116 ].   

    Complications of Anticoagulation 

    Bleeding Complications 

 Although it is commonly believed that the risk of bleeding 
from heparin increases as the dose increases, this observa-
tion may only apply to patients with comorbid risk factors 
such as recent surgery or trauma [ 117 ]. In this subset of 
patients, monitoring heparin activity with vitro tests of coag-
ulation such as the activated partial thromboplastin time 
(aPTT) can help identify patients at risk for bleeding. 
However, in the vast majority of patients without concomi-
tant risk factors, an association between supratherapeutic 
aPTT response and the risk of bleeding remains unproven 
and aPTT levels provide minimal guidance in predicting 
bleeding [ 118 ]. 

 Bleeding can also complicate anticoagulation therapy 
with oral agents. When vitamin K antagonists (VKA) are 
used, the bleeding risk correlates with prolongation of the 
prothrombin time and elevation of the international normal-
ized ratio (INR) [ 119 ]. Bleeding risk accelerates once the 
INR exceeds 4.0. Warfarin-induced skin necrosis represents 
a nonhemorrhagic complication that can occur if VKAs are 
given without overlapping heparin therapy. VKAs inhibit 
the naturally occurring anticoagulants Protein C and S faster 
than they inhibit the vitamin K-dependent procoagulants. 
Patients with underlying protein C or S defi ciency and some 
patients with cancer may develop skin necrosis because the 
initial dosing of warfarin makes them hypercoagulable 
[ 120 – 123 ]. This situation can often be avoided by extending 
anticoagulation with heparin until achieving a therapeutic 
INR with warfarin. 

 Warfarin compounds cross the placenta and cause terato-
genic effects when given during the fi rst trimester of preg-
nancy [ 124 ,  125 ]. Because of similar risks during the second 
trimester, as well as the threat of fetal bleeding during and 
after delivery, warfarin compounds should be avoided during 
pregnancy. All women of childbearing potential who are 
 taking warfarin must avoid becoming pregnant. Long-term 
adjusted dose subcutaneous heparin is recommended for 
pregnant patients who require anticoagulation [ 126 ].  

    Heparin-Induced Thrombocytopenia 

 Heparin-induced thrombocytopenia is a potentially life- and 
limb-threatening complication associated with the use of 
unfractionated heparin (UFH) and, to a lesser extent, low-
molecular- weight heparin (LMWH) [ 127 ]. HIT should be 
suspected when a patient receiving UFH or LMWH has a 
drop in their platelet count of 50 % or more. HIT affects 
patients receiving UFH ten times more commonly than those 
being treated with LMWH. In patients that have not been 
previously sensitized to heparin, HIT typically occurs 
5–14 days after starting heparin [ 128 ]. Patients with recent 
prior heparin exposure may have already developed heparin 
antibodies which can accelerate the onset of HIT, causing a 
rapid, precipitous thrombocytopenia and acute thrombosis. 
Thrombotic complications occur in up to 50 % of HIT 
patients and are most commonly venous [ 129 ]. Potential 
complications include deep venous thrombosis (DVT) of the 
arms and legs, pulmonary embolism (PE), cerebral vein 
thrombosis, adrenal vein thrombosis, and venous gangrene. 
Acute limb ischemia, stroke, myocardial infarction, cardiac 
thrombus or embolus, and mesenteric, renal, spinal, or arte-
rial thrombosis have also been reported [ 127 – 129 ]. Heparin- 
induced thrombocytopenia can cause acute graft thrombosis 
following lower extremity bypass as a result of platelet depo-
sition at the sites of vascular injury. 
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 Heparin-dependent IgG antibodies mediate the patho-
physiology of HIT [ 130 ,  131 ]. Normally, heparin binds to 
platelet factor 4 (PF-4) which is released from the alpha 
granules within activated platelets. Some patients recognize 
PF-4 bound heparin as a target antigen and generate IgG 
(HIT) antibodies. The PF-4 bound heparin and IgG antibod-
ies form immune complexes which attach to the Fc receptor 
on platelets resulting in platelet activation [ 132 ]. Unchecked 
platelet activation not only consumes platelets (resulting in 
thrombocytopenia), it also generates large quantities of 
platelet microparticles. These procoagulant-rich microparti-
cles are thought to be responsible for the venous and arterial 
thrombosis associated with HIT. The diagnosis of HIT 
requires the appropriate clinical setting of thrombocytopenia 
in a patient with current or recent exposure to heparin and the 
detection of heparin-dependent antibodies. 

 Based on clinical presentation, HIT is divided into two 
types. Type I HIT is associated with a mild thrombocytope-
nia that usually occurs within 4 days of starting heparin. It is 
nonimmune mediated and appears to be caused by the direct 
agglutinating effect of heparin on platelets. Type I is not 
associated with thrombosis and resolves spontaneously 
despite continuing anticoagulation with heparin. Type II HIT 
is associated with severe thrombocytopenia or a signifi cant 
decrease (greater than 50 %) in the platelet count that occurs 
between 5 and 14 days after starting heparin. Type II is 
immune mediated and may be associated with both arterial 
and venous thrombosis. 

   Management Recommendations 
 Platelet counts should be checked every 2–3 days in patients 
receiving heparin who are thought to have greater than 1 % 
risk for developing HIT. Monitoring should continue from 
days 4–14 of heparin therapy or until heparin is discontin-
ued, whichever occurs fi rst. The fi rst step in treating HIT 
involves immediate cessation of all heparin-related com-
pounds. A direct thrombin inhibitor such as lepirudin, arg-
atroban, or danaparoid should be started to maintain 
anticoagulation. Oral anticoagulation with VKAs should not 
be started until the platelet count returns to normal or near 
normal. At that point, the VKA can be initiated and should 
be overlapped with the parenteral nonheparin anticoagulant 
for a minimum of 5 days. Patients with HIT rarely require 
platelet transfusions. In patients with severe thrombocyto-
penia, platelet transfusions should only be given if bleeding 
occurs or the patient requires an invasive procedure that is 
associated with a high risk of bleeding.    

    Summary 

 The sheer number of invasive procedures performed on 
patients with thrombotic risk factors ensures that nearly all 
surgeons will encounter patients with DVT. The choice of 

treatment for acute DVT depends on the extent and location 
of the thrombus as well as the patient’s clinical situation. All 
patients without a signifi cant bleeding risk should receive 
immediate anticoagulation to achieve therapeutic levels 
quickly. Anticoagulation therapy requires monitoring and 
awareness of potential complications including bleeding and 
heparin-induced thrombocytopenia. Catheter-directed 
thrombolysis and pharmacomechanical thrombectomy have 
emerged as minimally invasive techniques that effectively 
restore venous patency. Convincing evidence shows that 
early thrombus removal improves functional outcomes and 
minimizes the risk of postthrombotic syndrome. Active 
patients who have an acute iliofemoral DVT and a low risk 
of bleeding stand to gain the greatest benefi t from percutane-
ous thrombolytic procedures. Extensive venous thrombosis 
leading to phlegmasia cerulea dolens or venous gangrene can 
threaten a patient’s life and limb. These patients cannot 
afford to wait for thrombolytic therapy to take effect and 
require an emergent surgical venous thrombectomy for limb 
salvage. This chapter has outlined treatment strategies to 
help practicing surgeons effectively manage acute DVT and 
prevent its potentially fatal and disabling consequences.     
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           Introduction 

    Superfi cial venous thrombophlebitis (SVT) is a common dis-
order that carries the risk of thrombus progression, emboli-
zation, and recurrence. Despite these potentially serious 
consequences, SVT has always been the stepchild of deep 
venous thrombosis (DVT) and received limited attention in 
the literature. Previous studies estimate that SVT occurs in 
125,000 patients per year; however, the actual incidence is 
probably higher as many cases of SVT are unreported [ 1 ]. 
Traditional teaching classifi ed SVT as a self-limited process 
that posed little if any risk. This inaccurate but widely held 
perception prompted physicians to dismiss patients with the 
clinical diagnosis of SVT believing that the best treatment 
was “benign neglect.” In an attempt to dispel this and other 
misconceptions, this chapter will examine current data 
regarding SVT and its management.  

    Clinical Presentation 

 Approximately 54–65 % of patients diagnosed with SVT are 
women with an average age of 58, while the average age for 
men is about 54 [ 2 ,  3 ]. Varicose veins represent the most 
common predisposing risk factor for SVT occurring in 62 % 
of patients. Others factors associated with SVT include age 
older than 60, obesity, tobacco use, and previous history of 

DVT or SVT. Factors associated with progression of SVT 
include age older than 60, male sex, and history of DVT. 

 The physical diagnosis of SVT is based on the presence of 
erythema and tenderness in the distribution of the superfi cial 
veins. Thrombus can often be appreciated as a palpable cord 
following the course of a superfi cial vein. Pain and warmth 
are clinically evident, and signifi cant extremity swelling can 
be present despite the absence of a DVT. Some patients pres-
ent with erythema, pain, and tenderness as a streak along the 
arm or leg. If a duplex ultrasound does not detect a DVT or 
SVT in these patients, the diagnosis of cellulitis or lymphan-
gitis should be considered.  

    Etiology 

 Over 100 years ago, Virchow identifi ed stasis, endothelial 
damage, and hypercoagulability as the primary risk factors 
for thrombosis. Although stasis and endothelial trauma have 
direct links to SVT, the relationship between hypercoagula-
bility and SVT remains unclear. When a DVT occurs in the 
presence of an SVT, the two thrombotic segments are often 
not contiguous. The fact that the DVT rarely represents a 
direct extension of the SVT provides circumstantial evidence 
that systemic factors such as hypercoagulability could play a 
role in the pathophysiology of SVT. 

 In order to determine whether a hypercoagulable state 
contributes to the development of SVT, Hanson et al. mea-
sured anticoagulant levels in 29 patients with acute SVT [ 4 ]. 
All patients had duplex ultrasound scans performed on both 
the superfi cial and deep venous systems. Patients with SVT 
were treated with nonsteroidal anti-infl ammatory drugs, 
while those with both SVT and a concomitant DVT were 
treated with heparin and warfarin. All patients had a coagula-
tion profi le performed including (1) protein C antigen and 
activity, (2) activated protein C (APC) resistance, (3) protein 
S antigen and activity, (4) antithrombin (AT), and (5) lupus- 
type anticoagulant. Twelve patients (41 %) had abnormal 
results consistent with a hypercoagulable state. Five of the 
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patients (38 %) with combined SVT and DVT and seven of 
the patients (44 %) with SVT alone were found to be hyper-
coagulable. Four patients had decreased levels of AT only, 
and four patients had APC resistance. One patient had 
decreased protein C and protein S, and three patients had 
defi ciencies of AT, protein C, and protein S. The most preva-
lent hypercoagulable condition was AT defi ciency. In a sub-
sequent separate data set of patients, anticardiolipin 
antibodies were detected in 33 % of patients with recurrent 
SVT [ 5 ]. These observations suggest that patients with SVT 
have a higher prevalence of underlying hypercoagulability 
disorders.  

    Pathology 

 The cellular mechanics involved in DVT formation and reso-
lution have been thoroughly investigated. An extensive 
amount of literature has focused on the contribution of cyto-
kines and chemokines and the importance of the leukocyte/
vessel wall interaction in the pathophysiology of DVT. 
Whether these processes also apply to SVT is a matter of 
speculation. Although it is intuitively appealing to believe 
that the underlying pathology of SVT is analogous to DVT, 
this hypothesis remains unsupported.  

    SVT: Other Topics 

 SVT can occur in any superfi cial vein due to a variety of 
inciting causes. The most common clinical scenario for SVT 
involves the great saphenous vein (GSV) in a patient with 
underlying varicose veins. Several other locations and etiolo-
gies for SVT are briefl y discussed in this section. 

    Trauma 

 An intravenous (IV) cannula represents the most common 
source of venous trauma leading to SVT. Erythema, warmth, 
and tenderness along the course of the cannulated vein usually 
indicate the presence of SVT. Treatment starts with removal of 
the cannula and warm compresses. After the acute infl amma-
tion resolves, a lump may persist for months afterward.  

    Suppurative 

 Suppurative SVT (SSVT) is a rare form of SVT character-
ized by pus and intense pain at an IV site that is often asso-
ciated with systemic signs of infection such as fever and 
leukocytosis [ 6 ]. Although both SVT and SSVT can be 
triggered by an IV cannula, the more common clinical 

scenario for SSVT is a patient with a history of IV drug 
abuse. In contrast to uncomplicated SVT which typically 
resolves on its own, SSVT can be fatal if it deteriorates into 
septicemia. Treatment for SSVT begins with prompt 
removal of the foreign body and IV antibiotics. Excision of 
the vein is rarely needed to clear infection; however, it should 
be considered in a patient with purulence at an IV site who 
fails to improve with noninterventional management.  

    Migratory 

 In 1845, Jadioux fi rst described migratory thrombophlebitis 
as repeated superfi cial venous thrombosis at varying sites, 
most commonly in the lower extremity [ 7 ]. Migratory throm-
bophlebitis has been associated with underlying malignancy 
and may be present several years before the cancer is diag-
nosed. Consequently, the diagnosis of migratory thrombo-
phlebitis often warrants an evaluation for occult malignancy.  

    Mondor’s Disease 

 Mondor’s disease is defi ned as thrombophlebitis of the tho-
racoepigastric vein of the breast and chest wall. This diagno-
sis has been associated with breast carcinoma or a 
hypercoagulable state; however, cases with no identifi able 
cause have also been reported [ 8 ]. Recently, the term “penile 
Mondor’s disease” has been used to describe SVT of the dor-
sal vein of the penis [ 9 ]. Treatment consists of noninterven-
tional measures including warm compresses and nonsteroidal 
anti-infl ammatory drugs.  

    Small Saphenous Vein SVT 

 Although it does not receive as much attention as SVT of the 
GSV, small saphenous vein (SSV) SVT can have signifi cant 
clinical consequences. SSV SVT can extend proximally and 
become a popliteal DVT. In a group of 56 patients with SSV 
SVT, 16 % suffered from PE or DVT [ 2 ]. Therefore, patients 
with SSV SVT should be managed using a similar approach 
to those diagnosed with GSV SVT. Treatment includes a 
thorough duplex ultrasound examination, vigilant follow-up, 
and anticoagulation or ligation of the SSV if the thrombus 
approaches the popliteal vein.  

    SVT with Varicose Vein Disease 

 Patients with SVT and varicose veins may have a different 
underlying pathophysiology compared to those without 
varicose veins. In several studies, only 3–20 % of SVT 
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patients with varicose veins developed a DVT, compared to 
44–60 % of patients without varicose veins [ 10 ,  11 ,  12 ]. In 
contrast, a more recent study showed no difference in the 
incidence of DVT or PE among 186 SVT patients with and 
without varicose veins [ 2 ]. Therefore, it remains unclear if 
SVT patients with and without associated varicose veins should 
be classifi ed as belonging to different patient subsets. 

 SVT involving varicose veins may remain localized to a 
cluster of tributary varicosities or extend into the GSV [ 2 ]. 
SVT of varicose vein tributaries can occur without anteced-
ent trauma and is frequently found in varicosities surround-
ing venous stasis ulcers. The diagnosis should be confi rmed 
by duplex ultrasound scan as the clinical exam often under-
estimates the true extent of SVT. Treatment consists of non-
interventional therapy including warm compresses and 
nonsteroidal anti-infl ammatory drugs.  

    Upper Extremity SVT 

 Upper extremity SVT often results from intravenous cannula-
tion and infusion of caustic substances that damage the endo-
thelium. In contrast to lower extremity SVT, upper extremity 
SVT does not have a tendency to progresses into a DVT and 
rarely becomes the source of a PE [ 13 ]. Initial treatment of 
symptomatic upper extremity SVT associated with a catheter 
requires catheter removal followed by warm compresses 
and nonsteroidal anti-infl ammatory medications. 

 Peripheral inserted central catheters (PICCs) have 
become nearly ubiquitous in modern medical practice. Their 
accessibility, cost-effectiveness, and perceived safety profi le 
have led to widespread use of PICCs across all specialties in 
both the inpatient and outpatient setting. The proliferation 
of PICCs has focused attention on their potential complica-
tions, the most common of which are infection and venous 
thrombosis. The exact incidence and relative risk of PICC- 
associated thrombotic episodes remains unclear because 
some studies have reported on only symptomatic patients, 
while others have included asymptomatic patients diag-
nosed by ultrasound screening. Periard et al. prospectively 
compared PICCs to peripheral IV cannulas in patients 
requiring IV therapy for at least 5 days [ 14 ]. Ultrasound 
screening of all 60 patients demonstrated a high but similar 
rate of upper extremity SVT in both the PICC and periph-
eral IV groups (29 % vs. 34 %). In a review of symptomatic 
upper extremity venous thrombosis, Liem et al. found a 
much lower incidence of PICC-associated SVT: 1.9 % for 
basilic PICCs and 7.2 % for cephalic PICCs [ 15 ]. Despite 
the low incidence, the large number of PICCs placed per 
year makes PICC- associated venous thrombosis an impor-
tant and commonly encountered clinical problem. According 
to Liem et al. PICCs were associated with 20 % of all upper 
extremity SVTs diagnosed by their vascular lab in 1 year. 

PICC- associated DVT had an even greater clinical impact 
accounting for over 35 % of all upper extremity DVTs diag-
nosed in 1 year. 

 PICC-associated SVT usually results from catheter- 
induced trauma to the venous endothelium. Any patient 
with a current or recent PICC who has upper extremity 
edema, pain, or a palpable cord warrants a complete ultra-
sound exam to evaluate for thrombus and determine its 
extent. The presence of the catheter often impairs sono-
graphic evaluation of the veins and may obscure direct visu-
alization of the thrombus. Obtaining multiple views, 
changing the angle of insonation, and using a combination 
of gray imaging, spectral wave analysis and color fl ow 
imaging can usually overcome these technical challenges. 
As the previously cited studies show, clinical symptoms 
occur in only a minority of patients with PICC-associated 
SVT. Screening ultrasonography has not been widely 
adopted since the clinical  signifi cance of detecting SVT in 
an asymptomatic patient remains unclear. 

 If a symptomatic PICC-associated SVT is diagnosed, we 
do not suggest removing the catheter as long as the PICC is 
functional and is not associated with systemic or local infec-
tion. If the patient needs to continue receiving IV therapy, we 
recommend using the PICC rather than removing it and plac-
ing a new PICC at a different location. The rationale for this 
recommendation comes in part from the fi ndings of Jones 
et al. in their study of catheter-associated upper extremity 
DVT [ 16 ]. They found an 86 % incidence of new site DVT 
when a catheter was removed and immediately replaced in 
the other extremity. Although their study focused on upper 
extremity DVT, we believe that underlying thrombotic risk 
factors may also apply to catheter-associated SVT. If a PICC 
is maintained in a patient with an SVT, we usually repeat the 
duplex ultrasound scan in 3–7 days to assess for progression 
to DVT.   

    Diagnosis 

 In the past, clinically apparent SVT was thought to follow a 
benign, self-limited course that required no further evalua-
tion unless symptoms failed to resolve quickly on their own 
[ 17 ]. This guideline now appears to be antiquated and fl awed 
as it ignores evidence showing that DVT associated with 
SVT may be clinically silent [ 2 ]. Failure to completely eval-
uate SVT could therefore overlook a coexisting DVT which 
requires active treatment. 

 Since it fi rst description in 1982, duplex ultrasonography 
has become the diagnostic test of choice for venous throm-
bosis in the upper and lower extremities [ 18 ]. Duplex ultra-
sound is a readily available and sensitive method of evaluating 
the deep and superfi cial venous systems. Compared to the 
standard clinical exam, ultrasound scanning provides a more 
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complete assessment of the location, extent, and severity of 
thrombosis. Duplex ultrasound also has the advantage of 
being inexpensive and noninvasive making it ideal for fol-
low- up imaging surveillance. The success and reliability of 
duplex ultrasound has nearly eliminated the need for contrast 
venography as a diagnostic exam. Not only is venography 
less accurate, it is also an invasive test that can trigger 
phlebitis. 

 Duplex imaging detects a concomitant DVT in 5–40 % of 
patients with SVT [ 2 ,  19 ,  20 ,  21 ]. Interestingly, up to 25 % of 
these DVTs are not contiguous with the SVT and may even 
be in the contralateral extremity [ 2 ]. This fi nding suggests 
that some patients have an underlying hypercoagulability 
state contributing to the etiology of thrombosis.  

    Treatment 

 The location of the SVT determines the most appropriate 
treatment. Treatment strategies differ depending on whether 
the SVT involves the venous tributaries of the GSV, the GSV 
in the distal thigh, or the GSV in the proximal thigh. 
Likewise, treatment for SVT in the distal calf SSV differs 
from treatment for SVT approaching the confl uence with the 
popliteal vein. Conservative treatment for SVT localized in 
tributaries of the GSV and the GSV in the distal thigh con-
sists of ambulation, warm soaks or compresses, and nonste-
roidal anti- infl ammatory drugs [ 1 ,  22 ,  23 ]. Surgical excision 
of the GSV has a more limited role and is usually reserved 
for patients with recurrent thrombophlebitis despite of ade-
quate medical management. 

 Symptomatic treatment for distal SVT does not address 
the possibility of clot progression or the development of a 
DVT. Chengelis et al. studied the progression of isolated 
lower extremity SVT to DVT with follow-up duplex ultraso-
nography on 263 patients [ 12 ]. Duplex scans performed on 
an average of 6.3 days after the initial diagnosis showed that 
30 patients (11 %) had progression of their SVT to deep 
venous involvement. The most common site of deep vein 
involvement was the progression of disease from the GSV in 
the thigh into the common femoral vein (21 patients), with 
18 of these extensions noted to be nonocclusive and 12 hav-
ing a free-fl oating component. In three patients above-knee 
saphenous vein thrombi extended through thigh vein perfo-
rators to occlude the femoral vein. Below-knee small saphe-
nous vein SVT extended into the popliteal vein in three 
patients, and three additional patients had SVT extend 
through calf perforators into the tibioperoneal veins. None    of 
the 30 patients with SVT progression to DVT were being 
treated with anticoagulants at the time of diagnosis. The 
results of this study support a protocol for obtaining follow-
 up imaging for patients diagnosed with lower extremity 
SVT. We recommend a repeat duplex ultrasound after 48 h to 
assess for thrombus progression and DVT [ 21 ]. 

 SVT within 1 cm of the saphenofemoral junction has a 
well-recognized potential for extending into the deep venous 
system and embolizing [ 24 – 28 ]. High ligation of the GSV 
with or without saphenous vein stripping may prevent this 
complication by physically interrupting the primary connec-
tion between the superfi cial and deep venous system. Lohr 
et al. studied the outcome of 43 patients treated with ligation 
of the saphenofemoral junction with or without local common 
femoral vein thrombectomy and stripping of the GSV [ 3 ]. 
Approximately 86 % of the patients were discharged within 
3 days; two patients had postoperative contralateral DVT, 
one of whom had a PE. Four patients developed wound cel-
lulitis requiring antibiotics, and one patient had wound 
hematoma treated nonoperatively. Although this study 
reported satisfactory results, it also raised several unan-
swered questions regarding GSV ligation. Whether or not to 
strip the GSV in addition to high ligation remains unclear. 
Proponents of stripping the GSV argue that patients experi-
ence less pain after the SVT is removed. Despite GSV liga-
tion and removal, however, some patients still developed 
noncontiguous, post-ligation DVT and PE. This observation 
suggests that ligation alone may not provide adequate ther-
apy for SVT encroaching on the saphenofemoral junction. 
Systemic anticoagulation could be necessary to counteract 
the thrombotic risk factors present in at least a subset of 
patients with lower extremity SVT. 

 Husni and Williams conducted a prospective nonrandom-
ized study on using systemic anticoagulation alone to man-
age saphenofemoral junction thrombophlebitis (SFJT) [ 12 ]. 
Over a 2-year period, 20 consecutive patients with SFJT 
were hospitalized and systemically anticoagulated with hep-
arin. Duplex ultrasonography before admission and 2–4 days 
later was performed to establish the diagnosis, evaluate the 
deep venous system, and assess resolution of SFJT. Patients 
with SFJT which resolved were maintained on warfarin for 6 
weeks, while patients with SFJT and DVT received warfarin 
for 6 months. The effi cacy of anticoagulation therapy was 
evaluated by measuring SFJT resolution, recurrent episodes 
of SFJT, and occurrence of PE. 

 In this study, the incidence of concurrent DVT was 40 % 
(8 of 20 patients). Of these eight patients, DVT was contigu-
ous with SFJT in fi ve patients and noncontiguous in three 
patients. Repeat imaging studies showed that only one patient 
failed to have complete or partial resolution of SFJT. At a 
maximum follow-up of 14 months, there were no episodes of 
PE, thrombotic recurrences, or anticoagulation complica-
tions. Despite including a small number of patients, this study 
suggests that anticoagulation alone is a feasible strategy for 
SFJT. The surprisingly high incidence of DVT associated 
with SFJT underscores the value of ultrasonography to evalu-
ate the deep venous system in patients with lower extremity 
SVT [ 29 ]. Studies that focus on preventing SVT progression 
in the short term and the effect of anticoagulation on local 
recurrence of SVT have not been conducted yet. 
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 Proponents of surgical intervention for SFJT have 
suggested that high ligation of the GSV is more cost 
effective than 6 months of systemic anticoagulation [ 3 ]. 
This argument fails to consider several areas of potential 
cost saving. The duration of anticoagulation for patients with 
SVT remains an unresolved issue and could be shortened. 
For the last 10 years, we have treated patients with SFJT with 
6 weeks of anticoagulation and had no episodes of PE or 
complications of anticoagulation. Signifi cant cost savings 
can also be realized if low-molecular-weight heparin or the 
newer oral agents are used in an outpatient setting instead of 
unfractionated intravenous heparin. The fact that surgical 
ligation does not address the hypercoagulable state of these 
patients and may create injury to the endothelium at the 
saphenofemoral junction makes it a less appealing treatment 
option compared to anticoagulation. 

 Belcaro et al. attempted to clarify the issue of anticoagu-
lation versus surgical therapy in a prospective study consist-
ing of 444 patients with SVT randomized to six different 
treatment plans (compression only, early surgery [with and 
without stripping], low-dose subcutaneous heparin, low-
molecular- weight heparin (LMWH), and oral anticoagulant 
treatment) [ 30 ]. Patients presenting with SVT and large vari-
cose veins without any systemic disorder were included in 
this study. Inclusion criteria were venous incompetence (by 
duplex); a tender, indurated cord along a superfi cial vein; and 
redness and heat in the affected area. Exclusion criteria were 
obesity, cardiovascular or neoplastic diseases, nonambula-
tory status, bone/joint disease, problems requiring immobili-
zation, age >70 years, and patients with SVT without 
varicose veins. Color duplex ultrasound scans at 3 and 6 
months were used to detect concomitant DVT and to evalu-
ate the extension or reduction of SVT. 

 After 3 and 6 months, the incidence of SVT extension was 
signifi cantly higher in the elastic compression and saphe-
nous ligation groups and lowest in the group of patients 
treated with vein stripping. There was no signifi cant differ-
ence in the incidence of DVT among the treatment groups. 
While treatment with compression stockings costs the least, 
it had the highest overall social cost which factored in lost 
workdays and inactivity. Anticoagulation with LMWH was 
the most expensive form of therapy. 

 Although this study provides some insight into the differ-
ent treatment options for SVT, it has limited value as a prac-
tical guide to managing SVT. The details of the treatment 
protocols were not specifi cally identifi ed, and the exclusion 
criteria applied in the study would eliminate many patients 
diagnosed with SVT in a real-world clinical practice. The 
study also suffered from a nonuniform patient population by 
including any patient with an SVT regardless of its anatomic 
location. 

 Lower extremity SVT that approaches the femoral or pop-
liteal vein threatens to become a DVT or a potentially fatal 

venous thromboembolism. The ideal treatment for this 
condition should weigh the thromboembolic risk of an SVT 
versus its tendency to resolve without progression. Sullivan 
et al. attempted to perform a meta-analysis of surgical versus 
medical therapy for isolated above-knee SVT [ 31 ]. Although 
a paucity of comparable data precluded a formal meta- 
analysis, their review made several useful observations. 
Medical management with anticoagulants was found to be 
slightly superior for minimizing complications and prevent-
ing subsequent DVT and PE, while surgical ligation with 
stripping provided superior pain relief. Based on the avail-
able, albeit scarce, evidence, we recommend systemic 
 anticoagulation for patients with SVT involving the proxi-
mal GSV or SSV. Future studies focusing on the natural his-
tory and pathophysiology of SVT will help evaluate and 
refi ne the treatment options.  

    Conclusion 

 Superfi cial venous thrombophlebitis (SVT) is a common and 
important clinical problem that surgeons encounter on a reg-
ular basis. Contrary to popular belief, SVT is not a univer-
sally benign condition that always resolves on its own. In 
addition to causing localized discomfort, SVT poses signifi -
cant risks including thrombus progression, embolization, 
and recurrence. Patients with SVT may require treatment 
with conservative measures, systemic anticoagulation, or 
surgical intervention depending on the clinical scenario. This 
chapter has provided an up-to-date review of SVT so that 
surgeons can make rational, informed decisions regarding its 
diagnosis and treatment.     
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           Introduction 

       Venous disease is a global health problem which affects hun-
dreds of millions of people and accounts for over fi ve billion 
dollars of annual healthcare spending [ 1 ]. In the United 
States, one third of the adult population has chronic venous 
insuffi ciency (CVI), and 1 % of adults have a venous ulcer, 
the most severe manifestation of CVI. The annual risk of 
developing CVI is 2.6 % in women and 1.9 % in men [ 2 ]. 
Deep venous thrombosis (DVT), another form of venous dis-
ease, occurs in 250,000 people per year in the United States 
alone [ 3 ]. Pulmonary embolism (PE) and DVT cause over a 
half a million hospitalizations and 200,000 deaths per year 
[ 4 ]. Approximately 90 % of patients with an iliofemoral 
DVT go on to have persistent lower extremity swelling and 
pain which is collectively known as post-thrombotic syn-
drome (PTS) [ 5 – 7 ]. 

 Chronic venous disease has an economic and social 
impact which extends beyond its clinical symptoms. CVI 
and PTS cause disability resulting in the loss of more than 
two million workdays per year. Patients with severe symp-
toms of venous disease become socially isolated and often 
develop psychosocial adjustment problems. Effective man-
agement strategies for venous disease can improve the symp-
toms and restore productivity and quality of life to patients 
affected by this chronic and often demoralizing disease. 
Surgeons who encounter patients with chronic edema and 
skin breakdown should be able to recognize venous disease 
and initiate an appropriate treatment plan. This chapter will 
outline the pathophysiology, clinical diagnosis, and manage-
ment options for patients with CVI and PTS.  

    Venous Anatomy and Physiology 

 The earliest description of a patient with symptoms of venous 
disease dates back to 1550 B.C. [ 8 ]. Since the disease only 
occurs in humans, CVI may have its origin in our upright 
 posture and ambulation. Lower extremity veins are conduits 
allowing blood to return from the periphery to the central 
c irculation. Normally, almost all of the blood volume returns 
through the deep venous system with minimal contribution 
from the superfi cial system. Deep veins form a complex 
 system within the muscular compartments of the leg, while 
superfi cial veins course through the subcutaneous tissue above 
the muscle fascia. The muscles of the leg act as a mechanical 
pump that squeeze the veins, propelling blood toward the 
 central venous circulation. All veins contain bicuspid, one-
way valves which act as checkpoints designed to counter 
gravity and keep blood from pooling in the extremities. 

 The deep veins of the calf join together behind the knee to 
form the popliteal vein. In the thigh, the popliteal vein con-
tinues as the femoral vein which becomes confl uent with the 
profunda femoral vein to form the common femoral vein in 
the proximal thigh. The leg veins and pelvic veins then drain 
into the iliac veins which in turn drain into the inferior vena 
cava (IVC). The IVC usually lies to the right of the vertebral 
column, while the aorta is on the left. This anatomic confi gu-
ration can cause external compression of the left common 
iliac vein between the overlying right common iliac artery 
and the vertebral column. In some patients, this obstructive 
condition can lead to May-Thurner syndrome which is char-
acterized by left iliac vein thrombosis and leg swelling. 
A similar anatomic problem occurs in patients with 
subclavian- axillary vein thrombosis, which is also known as 
effort thrombosis or Paget-Schroetter syndrome. In this con-
dition, the thoracic outlet compresses the subclavian vein 
leading to vein thrombosis and arm swelling. 

 The small and great saphenous veins make up the superfi -
cial venous system of the lower extremity. The small saphenous 
vein begins posterior to the lateral malleolus and courses 
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cephalad in the posterior calf before joining the popliteal 
vein at the saphenopopliteal junction behind the knee. The 
great saphenous vein originates anterior to the medial mal-
leolus and travels up the medial calf and thigh before joining 
the common femoral vein at the saphenofemoral junction 
near the inguinal crease. Perforating veins form connections 
between the deep and superfi cial venous systems throughout 
the leg and thigh. Venous tributaries in the subcutaneous tis-
sue of the lower extremity originate from the superfi cial 
veins. If these superfi cial venous tributaries become engorged 
and protrude visibly under the skin, they are known as vari-
cose veins.  

    Chronic Venous Insuffi ciency 

 Venous disease encompasses a wide spectrum of clinical 
conditions including acute thrombosis, varicose veins, and 
chronic venous insuffi ciency. Chapters   9     and   12     focus on 
venous thrombosis and varicose veins, respectively. This 
chapter will address CVI which causes circulatory dysfunc-
tion on the macro- and microvascular level leading to a vari-
ety of clinical manifestations. Risk factors for CVI include 
obesity, ambulatory jobs, history of pregnancy, female gen-
der, and previous thrombophlebitis [ 9 ]. 

    Pathophysiology 

 In the most general terms, blood travels in arteries from the 
heart to the periphery and returns from the periphery to the 
heart via veins. Unlike arteries, veins do not have a centrally 
located pump to drive blood fl ow. Veins in the lower extremi-
ties rely on several mechanisms to overcome gravity and 
return venous blood fl ow to the central circulation. During 
ambulation, the muscles of the foot, calf, and thigh exter-
nally compress the deep veins which propel blood fl ow ceph-
alad. Bicuspid valves located throughout all veins act as 
checkpoints to prevent the blood column from refl uxing 
backward down the leg. This system of segmental venous 
compression and check valves can overcome gravity and 
move blood from the distal lower extremity to the central 
circulation even in the upright position. 

 Normally, venous pressure in the lower extremity 
decreases after ambulation. Muscle contraction increases 
pressure within the fascial compartments which forces blood 
up the deep venous system. Bicuspid valves in the deep veins 
prevent blood from traveling retrograde, while valves in per-
forating veins prevent refl ux through to the superfi cial venous 
system. The combination of muscle pumps and competent 
valves maintains low venous pressure and keeps venous 
blood fl owing from distal to cephalad and superfi cial to deep. 
With prolonged standing, the veins slowly refi ll and become 
distended which opens the venous valves and increases 

venous pressure. Contraction of the muscle pump then emp-
ties the veins and reduces the pressure. 

 Patients with CVI have persistently high venous pressure 
as the lower extremity venous system fails to conduct blood 
from the periphery back to the central circulation. The 
underlying pathophysiology can involve venous obstruc-
tion, valvular incompetence, muscle pump weakness, or a 
combination of problems. Venous thrombosis is one of the 
most prominent conditions causing venous obstruction. An 
acute DVT triggers a cellular and humoral response in the 
affected vein. Although the infl ux of infl ammatory cells, 
chemokines, and enzymes helps resolve the acute throm-
bus, it can also cause permanent changes to the vein wall 
and venous endothelium. In many patients, the sequelae of 
an acute DVT cause the vein to become chronically 
occluded or severely stenotic. This obstructive process 
known as post- thrombotic syndrome will be discussed in 
more detail in the next section. Extrinsic compression can 
also cause venous obstruction. In May-Thurner syndrome, 
the left common iliac vein is compressed between the over-
lying right common iliac artery and the underlying verte-
bral column. 

 Valvular incompetence can affect the deep, superfi cial, 
and perforating venous systems. Deep venous valves usually 
fail because of damage infl icted by previous acute throm-
botic events. Dysfunctional deep valves allow venous blood 
that has just been ejected by the muscular pump to refl ux 
retrograde down the leg, quickly refi lling and repressurizing 
the distal venous segments. Valvular incompetence in the 
superfi cial veins most commonly occurs because of intrinsic 
weakness in the vein wall due to an unclear etiology. Less 
rigid or “fl oppy” vein walls prevent the cusps of the venous 
valves from coapting leading to an incompetent valve which 
allows retrograde venous fl ow. Venous refl ux down the great 
and small saphenous veins can transmit elevated venous 
pressure into the superfi cial venous tributaries causing dila-
tion and varicose vein formation. Superfi cial valve dysfunc-
tion can also result from valvular damage caused by phlebitis 
or excessive vein dilation due to hormonal effects or high 
pressure. Valvular incompetence in the perforator veins 
allows blood to refl ux from the deep to the superfi cial veins. 
In severe cases, perforator incompetence can cause second-
ary failure of the superfi cial venous valves. Clinical manifes-
tations can include a localized cluster of dilated superfi cial 
veins which ascends up the leg. 

 Failure of the muscle pump eliminates the driving force 
that empties veins and maintains a low venous pressure in 
the distal lower extremity. Instead of decreasing after ambu-
lation, venous pressure increases to levels nearly as high as 
the pressure reached after prolonged standing. An ineffective 
muscle pump can be the primary etiology of CVI in some 
cases such as neuromuscular disorders and muscle wasting. 
More commonly, failure of the muscle pump occurs in the 
setting of severe venous refl ux or obstruction. 
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 Regardless of its underlying etiology, CVI stagnates 
lower extremity blood fl ow and increases venous pressure. 
The deep venous system transmits these hemodynamic 
changes though the perforating and superfi cial veins and 
 ultimately into the microcirculation of the subcutaneous 
tissue and skin. The ensuing microangiopathy has several 
consequences including fl uid accumulation from increased 
capillary permeability and lymphatic damage, hyperpigmen-
tation from extravasated red blood cells, and nerve dysfunc-
tion causing altered vasoregulation. Theories to explain the 
pathophysiology of CVI have incorporated histologic fi ndings 
such as fi brin cuff formation in the pericapillary space and 
trapping of growth factors and white blood cells which could 
inhibit healing and prolong infl ammation [ 10 ].  

    Clinical Presentation 

 Patients with CVI usually have lower extremity edema, pain, 
dilated veins, and skin changes. Edema occurs as fl uid accu-
mulates in the dependent lower leg usually beginning near 
the medial malleolus or gaiter region. Pain described as leg 
heaviness and aching may result from increased pressure and 
volume within the compartments and subcutaneous tissue. 
Superfi cial venous tributaries develop into varicose veins 
when they enlarge and become tortuous. Skin changes 
include hyperpigmentation from hemosiderin deposits, 
eczematous dermatitis, and lipodermatosclerosis which 
denotes fi brosis of the skin and subcutaneous tissue. 

 Compromised skin and poor wound healing predispose 
patients with CVI to recurrent episodes of cellulitis and skin 
ulceration. Venous ulcers are the most severe manifestation 
of CVI and seem to occur more frequently in elderly men 
with long-standing CVI. Although venous ulcers can be 
painful and carry a risk of infection, the impact of venous 
ulcers extends beyond their localized symptoms. Patients 
with venous ulcers often feel ashamed of their condition 
which leads them to withdraw from family and friends. Work 
hours are lost in patients who would otherwise be productive 
in the labor force. Wound care for venous ulcers requires a 
signifi cant investment of time, resources, and healthcare 
spending to secure the necessary supplies and nursing care. 

 An international consensus conference developed the 
Clinical-Etiology-Anatomy-Pathophysiology (CEAP) clas-
sifi cation to standardize the classifi cation of patients with 
CVI [ 11 ] (Table  11.1 ). The clinical variable has seven cate-
gories and is further categorized by the presence or absence 
of symptoms. Etiology depends on whether the underlying 
cause of CVI was congenital, primary, or secondary. 
Congenital causes of CVI such as Klippel Trenauay and 
Parkes Webber syndrome are present at birth but may not 
manifest until later in life. Primary causes of CVI have an 

unclear origin, while secondary causes are linked to an 
acquired condition such as a previous DVT. The involvement 
of the deep, superfi cial, or perforating veins determines the 
anatomic classifi cation. Pathophysiology, the fi nal variable, 
describes the underlying mechanism of CVI as obstruction, 
valvular incompetence, or a combination of both conditions. 
The venous severity score (VSS) provides a more detailed 
assessment of CVI by assigning a numeric score to three 
components: clinical severity, anatomic segment, and dis-
ability [ 12 ]. VSS can complement the CEAP classifi cation 
and provide a more accurate tool for assessing a patient’s 
response to treatment.

        Diagnosis 

 The diagnosis of CVI derives from the history and physical 
exam along with adjunctive information from noninvasive 
testing. The history should characterize the presence, dura-
tion, and severity of symptoms including edema, pain, fl uid 
drainage, and skin breakdown. Patients should be questioned 
about previous thrombotic episodes and evaluated for the 
presence of thrombotic risk factors such as family history, 
personal traits, and medication use. Documenting previous 
treatments for CVI that have succeeded or failed can help in 
the making of decisions regarding future therapy. 

 Physical examination begins with visual inspection and 
palpation of the lower extremity skin. Dilated, tortuous vari-
cose veins may be obvious at fi rst glance, or they have a 
more subtle appearance as localized, palpable skin bulges. 
The upright posture will maximally distend the veins mak-
ing them easier to detect and characterize. Cutaneous 
changes associated with CVI range from hyperpigmentation 
to fi brosis to frank ulceration (Fig.  11.1 ). Sites of healed 
venous ulceration referred to as “atrophie blanche” appear as 
a localized area of white scarring with an absence of capil-
laries. Edema usually gives way to palpation and is described 

   Table 11.1    CEAP classifi cation of venous disease   

 C0 – No signs of visible or palpable venous disease 
 C1 – Telangectasias or reticular veins 
 C2 – Varicose veins 
 C3 – Edema 
 C4a – Pigmentation, eczema 
 C4b – Lipodermatosclerosis or atrophie blanche 
 C5 – Healed venous ulcer 
 C6 – Open venous ulcer 
 S – Symptomatic, ache, pain, tightness, skin irritation, heaviness, muscle 
cramps 
 A – Asymptomatic 

  Adapted from Vasquez et al. [ 11 ]  
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as “pitting edema.” Patients with long-standing CVI and 
underlying fi brosis often develop brawny edema that does 
not indent with palpation.

   Simple bedside maneuvers can help detect the presence 
and nature of venous refl ux. In    the Trendelenburg or tourni-
quet test, the veins of leg are fi rst emptied by elevating the 
lower extremity with the patient supine [ 13 ]. The patient 
then assumes an upright position with a tourniquet or manual 
pressure applied to various levels. In the presence of superfi -
cial venous refl ux, the varicose veins distal to the tourniquet 
will remain collapsed until the tourniquet is released. With 
deep venous refl ux, varicose veins immediately reappear 
upon standing despite the presence of a tourniquet or manual 
compression. More detailed information regarding venous 
refl ux can now be gained from duplex ultrasound examina-
tion making bedside maneuvers a less important component 
of the physical exam. 

 Before making a defi nitive diagnosis of CVI, other condi-
tions should be considered in the differential. The most seri-
ous cause of limb edema is acute DVT which can be detected 
with a duplex ultrasound exam. Systemic causes of lower 
extremity edema include congestive heart failure, renal 
insuffi ciency, liver disease, endocrine disorders, and medica-
tion side effects. Localized conditions such as a ruptured 
popliteal cyst, hematoma, exertional compartment syn-
drome, gastrocnemius muscle tear, and lymphedema can 
also cause lower extremity edema. A carefully performed 
history and physical exam and appropriately selected nonin-
vasive tests can usually clarify the diagnosis. 

    Noninvasive Testing 

 Lower extremity venous duplex ultrasound exams fi rst eval-
uate for acute thrombosis by checking the patency of the 
deep and superfi cial venous systems. Sonographic evidence 
of a previous thrombotic event can take the form of intralu-
minal echoes, thickened vein walls, and prominent venous 
collaterals. These chronic venous changes would support an 
obstructive etiology for CVI. Diagnosing venous refl ux 
involves measuring the duration of reversed blood fl ow at 
various locations. The standard venous refl ux exam involves 
infl ation and rapid defl ation of cuffs on the lower extremity 
with the patient standing. The duration of reversed fl ow after 
cuff defl ation corresponds to the valve closure time [ 14 ]. In 
the deep venous system, abnormal refl ux is defi ned as 
reversed fl ow longer than 1.0 s, while the threshold for refl ux 
is 0.5 s in the superfi cial venous system. Refl ux can also be 
elicited using the Valsalva maneuver with the patient supine 
in 30° reversed Trendelenburg position. Patients with persis-
tent stasis dermatitis or recalcitrant venous ulcers, especially 
those who have already been treated for axial (great and/or 
small saphenous vein) refl ux, should be evaluated for perfo-
rator refl ux. Reversed fl ow going from deep to superfi cial 
veins lasting longer than 0.3 s indicates refl ux in the perforating 
venous system. 

 Although duplex ultrasonography can detect venous 
refl ux, the results of the exam do not correlate with the clini-
cal manifestations or severity of CVI [ 15 ]. Other less widely 
used noninvasive exams provide a more complete assess-
ment of the venous hemodynamics in the lower extremity. 
Air plethysmography (APG) uses pressure cuffs and physi-
cal maneuvers to measure the variables that contribute to 
CVI: obstruction, refl ux, and muscle pump dysfunction. 
During an APG exam, changes in the volume of air displaced 
in air-fi lled cuffs quantifi es the venous outfl ow fraction, 
refi lling index, and ejection fraction. A low venous outfl ow 
fraction correlates with obstruction; a high refi lling index 
detects refl ux; and a poor ejection fraction indicates muscle 
pump dysfunction [ 16 ]. APG can determine how much each 
variable contributes to CVI making APG a valuable tool in 
planning interventions and assessing the response to treat-
ment. Photoplethysmography is a more convenient but less 
quantitative method for detecting venous refl ux and assessing 
overall venous function.  

    Invasive Testing 

 Invasive testing rarely plays a role in the diagnosis of 
CVI. Contrast venography involves a lower extremity veni-
puncture and the injection of radiopaque contrast. 
Descending venography using femoral vein access usually 
employs a tilt table to evaluate for refl ux in the femoral and 

  Fig. 11.1    Chronic venous ulcer of the lower extremity       
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great saphenous veins. Ascending venography injects 
 contrast through a vein on the dorsum of the foot to assess 
venous anatomy and patency. Once considered the diagnos-
tic standard, venography has been almost completely 
replaced by noninvasive exams. Venograms are now most 
commonly performed in conjunction with venous thrombo-
lytic procedures. In the rare patient being considered for 
venous reconstruction, venography may be helpful in plan-
ning surgery or clarifying inconclusive ultrasound images. 

 Lower extremity venous cannulation can also be used to 
measure ambulatory venous pressure (AVP). After placing a 
catheter in a vein on the dorsum of the foot, the venous pressure 
is measured in various positions and before and after walking 
and toe raises. These exercises yield several physiologic param-
eters including mean ambulatory pressure and refi ll time. 
Previous studies suggest that AVP and the results generated 
correlate with CVI severity, risk of ulceration, and response to 
treatment [ 17 ]. Other studies have questioned the value of AVP 
especially in light of noninvasive exams which have reasonable 
accuracy in evaluating overall venous competence [ 18 ]. The 
performance of this study is not commonplace.   

    Treatment 

 Treatment for CVI ranges from conservative measures to 
invasive procedures depending on disease severity. All 
patients with CVI should adopt behavioral modifi cations 
designed to minimize lower extremity edema including leg 
elevation, avoidance of prolonged standing, and weight loss 
(if indicated) to reduce intra-abdominal pressure. 
Conservative therapy consisting of external compression 
usually suffi ces for patients with mild venous disease. 
Patients with more severe manifestations of CVI (CEAP 
class 4 to 6) may warrant referral to a vein specialist to con-
sider interventional therapy. Even patients with CEAP class 
3 and extensive edema may benefi t from more aggressive 
treatment to reduce the risk of recurrent skin breakdown and 
nonhealing venous ulcers. 

    Noninterventional Therapy 

 Compression stockings exert an external force on the leg to 
oppose the hydrostatic pressure caused by venous hyperten-
sion. Graded compression stockings exert the most force at 
the ankle and decrease in pressure as they go up the leg. By 
keeping blood from pooling in the lower leg, compression 
stockings usually improve symptoms related to venous con-
gestion such as edema, leg fatigue, and aching discomfort. In 
addition to symptomatic relief, compression stockings may 
also have physiologic benefi t by improving muscle pump 
function and reducing venous refl ux. 

 Prescriptions for compression stockings should specify 
the tension and length. Tension varies with clinical severity 
starting with 20–30 mmHg for patients with mild edema, 
30–40 mmHg for CEAP class 4–6, and 50 mmHg for patients 
with recurrent venous ulcers. Knee-high stockings are the 
easiest to use and usually provide symptomatic relief. 
Although thigh-high and waist-high stockings may be indi-
cated for patients with extensive edema, they are cumbersome 
and usually generate patient complaints and noncompliance. 
Measuring leg diameter at the ankle, calf, and thigh improves 
the fi t of compression stockings and can be performed in the 
offi ce or at the medical supply facility. 

 Patients should be instructed to apply the stockings as 
soon as they get up in the morning when the lower extremi-
ties have the least edema. The stockings should be worn 
throughout the day and taken off in the evening before bed. 
Education about stockings should emphasize the importance 
of daily use as patient compliance has a signifi cant impact on 
treatment success. With regular use, compression stockings 
lose their elasticity in 6–9 months and should be replaced 
accordingly. 

 Used regularly, compression stockings can relieve the 
symptoms of CVI even to the point of healing venous ulcers. 
Unfortunately, noncompliance often prevents patients from 
achieving the full benefi t of compression therapy. Barriers 
that keep patients from regularly wearing compression stock-
ings include lack of physical strength, arthritis, inconve-
nience, and ulceration or drainage requiring frequent dressing 
changes. Pain can also be a factor in noncompliance as some 
patients have too much lower extremity discomfort to toler-
ate any external compression. Other medical devices have 
been designed to address lower extremity edema. Although 
twice daily use of external compression pumps can be effec-
tive, compression stockings are often necessary to prevent 
edema from returning between treatment sessions. 

 Dry skin associated with CVI requires moisturizers, while 
topical steroids may be necessary to treat stasis dermatitis. 
Left unchecked, compromised skin can break down to form 
a venous ulcer, the most severe and diffi cult to heal manifes-
tation of CVI. Treatment of the ulcer begins by controlling 
edema and infection. Nonviable tissue must be debrided to 
healthy tissue with either pharmacologic agents or sharp 
debridement. The formation of granulation tissue and neo-
vascularization in the wound bed allows for epithelialization 
and healing. Silver-impregnated dressings can help manage 
wounds affected by infection or bacterial overgrowth. 

 Although wound care promotes healing, venous ulcers do 
not usually resolve without compression to control edema. 
The Unna boot has been used for over a century to apply 
external compression to patients with lower extremity 
wounds. Medicated dressings form the fi rst layer of an Unna 
boot followed by a noncompliant wrap to exert compression. 
Unna boots have the advantage of being able to stay in place 
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for up to a week at a time; however, the wraps tend to loosen 
and exert less pressure as time passes. Four-layer wraps 
maintain their strength longer and have been shown to pro-
mote ulcer healing [ 19 ]. Blair et al. found that 82 % of 
patients using four-layer wraps had healed their ulcers within 
20 weeks. 

 Used in conjunction with external compression, bioengi-
neered skin substitutes can accelerate ulcer healing rates 
compared to control. Split-thickness skin grafting can also 
be considered in selected patients. 

 Medical therapy offers a potentially promising treatment 
for CVI. Coumarins, fl avonoids, saponosides, and other 
plant extracts have venoactive properties that may improve 
venous tone and decrease capillary permeability. Although 
these medications are used in Europe, they have not been 
approved for use in the United States. Pentoxifyllene which 
is normally used in the treatment of claudication may 
improve venous ulcer healing rates. The magnitude of this 
effect appears to be small and pentoxifyllene does not cur-
rently have a well-defi ned role in the treatment of CVI [ 20 ]. 
Exercise programs also have an unclear role in the manage-
ment of CVI. Directed rehabilitation programs improve mus-
cle pump function, but they do not decrease the amount of 
venous refl ux [ 21 ].  

    Interventional Therapy 

 Healing for venous ulcers often proves to be fl eeting. Severe 
ulcers can become completely refractory to conservative 
measures, and recurrence after healing is as high as 80 % in 
the fi rst year [ 22 ]. Patients who have nonhealing ulcers or 
persistent disability and ulcer recurrence despite maximal 
noninvasive therapy should be considered for surgical or 
endovascular interventions. Interventional techniques 
attempt to correct the underlying pathophysiology of CVI by 
minimizing venous refl ux and relieving venous obstruction. 

 Superfi cial venous refl ux increases lower extremity 
edema, promotes varicose vein formation, and exacerbates 
deep venous refl ux. Eliminating superfi cial refl ux improves 
venous hemodynamics which provides symptomatic relief 
and may assist in ulcer healing. In a randomized study of 
patients with venous ulcers, surgery to eliminate superfi cial 
venous refl ux reduced the rate of ulcer recurrence by more 
than half compared to compression therapy alone. 
Interventions for superfi cial venous refl ux including saphe-
nous vein stripping, endovenous ablation, and sclerotherapy 
can be applied to all CEAP clinical classes 2–6. Chapter   12     
has a full description of these techniques. 

 Unlike superfi cial venous refl ux, refl ux in the deep veins 
cannot be eliminated by surgical stripping or endovenous 
ablation procedures. A small number of vascular specialists 
perform surgery to restore deep vein valvular competency in 

highly selected patients with recurrent venous ulcers and 
severe refl ux. Surgical techniques for valvular reconstruction 
include external valvuloplasty, brachial/axillary valve trans-
fer, and vein transpositions [ 23 ,  24 ]. 

 Refl ux in the perforating veins may be the primary under-
lying problem in patients with persistent ulcers despite exter-
nal compression and treatment of axial refl ux. Interventional 
treatment for perforator refl ux has evolved over time. Open 
perforator ligation caused signifi cant morbidity as incisions 
were performed in diseased, ulcerated skin. Subfascial endo-
scopic perforator surgery (SEPS) offered the ability to ligate 
perforators using access from a remote site away from the 
diseased skin. In practice, opening the subfascial space was 
a limiting factor and SEPS had diffi culty treating veins near 
the ankle due to scarring. The use of SEPS has decreased in 
favor of endovenous techniques for eliminating perforator 
refl ux. Sclerotherapy attempts to obliterate the incompetent 
perforator by injecting sclerosant directly into the vein using 
ultrasound guidance [ 25 ]. Risks include skin hyperpigmen-
tation, ulceration, DVT, and allergic reaction to the scle-
rosant. Other techniques use an ablation catheter inserted 
directly into the perforator vein to deliver radio frequency or 
laser energy. 

 Approximately 10–30 % of patients with severe CVI have 
occlusion or stenosis of the iliac veins causing chronic venous 
outfl ow obstruction. Palma described transposing the great 
saphenous vein to the contralateral femoral vein to create a 
cross-femoral venous bypass [ 26 ]. The other surgical option 
involves directly bypassing the occluded iliac veins with a 
prosthetic conduit. Endovascular therapy has emerged as 
a less invasive alternative to surgery for chronic venous 
obstruction. Wire recanalization, balloon angioplasty, and 
venous stent placement can often restore patency to chroni-
cally occluded iliofemoral veins. In a large single-center 
series, 55 % of patients completely healed their venous ulcer 
after iliac vein stenting [ 27 ]. More recently, Alhabouni et al. 
reported that over half of their patients presenting with venous 
ulcers had venous outfl ow obstruction. After treatment with 
venous stent placement, 58 % of the open ulcers healed [ 28 ]. 
Optimizing the long-term patency for venous stents requires 
close follow-up and early intervention if in- stent restenosis 
occurs. In the future, stents designed specifi cally for the 
venous system may improve the technical success and long-
term durability of endovascular therapy for CVI.   

    Post-thrombotic Syndrome (PTS) 

 PTS refers to symptoms of CVI such as leg pain, edema, and 
skin ulcers that develop and persist after an acute 
DVT. Venous thrombosis can cause permanent obstruction 
and valvular damage which leads to PTS in 15–50 % of 
patients within 1–2 years of an acute DVT [ 29 ]. 
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Approximately 10 % of these patients develop severe 
 symptoms, and 170,000 new cases of venous ulceration per 
year in the United States are attributable to PTS [ 30 ]. 

    Pathophysiology 

 The pathophysiology of PTS centers around chronic venous 
hypertension caused by obstruction, valvular incompetence, 
or a combination of both. Incomplete recanalization after an 
acute DVT causes venous outfl ow obstruction which reroutes 
blood fl ow into collateral and superfi cial veins leading to 
progressive dilation and incompetence. At the same time, 
acute thrombosis and the process of recanalization damage 
venous valves rendering them incapable of stopping retro-
grade venous fl ow. The end result of these two conditions is 
venous hypertension, which can cause edema from capillary 
leakage, tissue hypoxia, and skin breakdown in severe cases. 
Patients with PTS have signs and symptoms which mirror 
those of CVI including leg pain, heaviness, edema, varicose 
veins, hyperpigmentation, lipodermatosclerosis, and ulcer-
ation (healed or active). 

 In some patients with PTS, venous obstructive symptoms 
outweigh all other clinical fi ndings. These patients usually 
have complete venous outfl ow occlusion as a result of a pre-
vious iliofemoral DVT. Walking usually triggers lower 
extremity pain, which is often described as a bursting sensa-
tion. Venous claudication is a term coined to describe clini-
cal symptoms of walking discomfort brought on by venous 
occlusion. Interventional treatment options for severe 
venous claudication include endovenous balloon angio-
plasty and stenting or surgical bypass. Preventing complete 
venous occlusion may be one of the benefi ts of treating 
acute iliofemoral DVT with immediate thrombolysis. In a 
study by Criqui et al., 44 % of patients treated for acute ilio-
femoral DVT with anticoagulation alone developed venous 
claudication [ 31 ].  

    Diagnosis 

 PTS should be considered in patients with a history of DVT 
who present with the characteristic signs and symptoms dis-
cussed above. Since the pain, edema, and infl ammation 
caused by an acute DVT takes 3–6 months to resolve, the 
diagnosis of PTS is usually deferred until after this time 
period has passed. Patients without a history of DVT should 
be questioned about prior orthopedic surgery, prolonged 
immobilization, and any episode of acute leg edema that 
resolved on its own. Documenting a previous DVT and the 
hemodynamic consequences can help confi rm the diagnosis 
of PTS. Sonographic fi ndings which suggest a previous DVT 
include thickened vein walls, hyperechoic intraluminal 

thrombus, and prominent venous collaterals. Venous refl ux 
demonstrated by duplex ultrasound or air/photoplethysmog-
raphy also supports the diagnosis of PTS. Note that asymp-
tomatic patients do not have PTS even if they have objective 
evidence of venous refl ux after a DVT. 

 Distinguishing between PTS and recurrent venous throm-
bosis can be challenging. A recurrent, acute DVT usually 
causes an abrupt increase in edema and pain which persists 
rather than improves over 24 h. Objective imaging exams 
often fail to provide a defi nitive diagnosis in this clinical sce-
nario. Duplex ultrasound exams remain abnormal in 80 % of 
patients 3 months after and 50 % of patients 1 year after a 
proximal DVT [ 32 ]. Non-compressibility of a venous seg-
ment therefore does not necessarily represent a recurrent 
DVT. In some cases, comparing the results of the duplex 
exam to previous studies can be helpful. A previously normal 
segment of the vein that becomes non-compressible or an 
increase in the diameter of the femoral or popliteal vein dur-
ing compression by 4 mm or more correlates with recurrent 
DVT. Unfortunately, not all patients have a previous duplex 
exam available, and comparing studies can be time consum-
ing [ 33 ]. D-dimer offers limited diagnostic value in patients 
suspected of having a recurrent DVT. Although a normal 
D-dimer test excludes an acute DVT, a positive D-dimer is 
nondiagnostic.  

    Prevention 

 Despite studies on a wide range of patient characteristics, 
the only clear risk factor for PTS is a recurrent, ipsilateral 
DVT [ 34 ]. Efforts to minimize the impact of PTS must 
therefore focus on preventing DVT. Thromboprophylaxis 
for selected patients in high-risk settings can minimize the 
risk of DVT, and several evidence-based guidelines have 
been established [ 35 ]. To    reduce the risk of recurrent DVT, 
patients should receive adequate intensity and full duration 
anticoagulation for their initial thrombotic episode. Risk 
factors for recurrent DVT should be identifi ed including 
idiopathic or unprovoked DVT, proximal DVT, cancer, and 
hypercoagulable states. Patients with previous DVT who 
no longer take anticoagulants should receive situation-spe-
cifi c thromboprophylaxis. 

 Graduated compression stockings can improve the 
symptoms of PTS by reducing lower extremity edema, 
improving tissue microcirculation, and assisting the calf 
muscle pump. In unblinded studies, the use of compression 
stockings after an acute proximal DVT was associated 
with a lower incidence of PTS [ 36 ]. In contrast, a random-
ized study using sham stockings failed to show a signifi -
cant benefi t for daily use of compression stocking in 
preventing or treating PTS [ 37 ]. Likewise, a crossover trial 
of compression stockings during exercise did not show a 
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benefi t for exercise-induced symptoms and edema [ 38 ]. 
Although compression stockings carry little if any risk of 
harm, they are expensive and diffi cult to apply. Patient 
compliance can be challenging as the stockings are hot, 
itchy, constraining, and generally uncomfortable to wear. 
Selective use of compression stockings after an acute DVT 
seems to be a reasonable approach. Patients with residual 
leg pain and edema after a DVT should be prescribed com-
pression stockings, and they should be used for as long as 
the patient achieves symptomatic relief. 

 Catheter-directed thrombolysis (CDT) has shown prom-
ise as an endovascular intervention for patients with an acute, 
proximal DVT [ 39 ]. By dissolving the thrombus, CDT can 
immediately restore venous patency while protecting the 
venous valves and endothelium from damage associated 
with recanalization. In the long term, successful CDT may 
preserve valvular competence while reducing the risk of 
chronic venous obstruction. A recent meta-analysis con-
cluded that the symptomatic benefi ts of CDT appeared to 
translate into a lower incidence of PTS [ 40 ]. A more detailed 
discussion of CDT and its role in the treatment of acute DVT 
can be found in Chap.   9    .  

    Treatment 

 PTS represents a chronic condition that lacks a single, defi ni-
tive treatment. The management of patients with PTS should 
therefore focus on DVT prevention and symptomatic relief. As 
previously discussed, recurrent, ipsilateral DVT poses the 
highest risk of PTS, and patients with PTS have an increased 
thrombotic risk given their history of DVT. Adhering to the 
established guidelines for anticoagulation and thromboprophy-
laxis can help minimize the risk of recurrent DVT. Graduated 
compression stockings remain the fi rst-line therapy for chronic 
lower extremity edema and discomfort. Although practitioners 
unfamiliar with venous disease often prescribe diuretics, these 
medications do not decrease PTS- related edema. In severe 
cases of PTS, skin breakdown and venous ulcers often recur 
despite treatment with topical dressings, external compression, 
and leg elevation. Although valve reconstruction and venous 
bypass procedures have been described, they are rarely per-
formed and have a limited role in the management of PTS [ 40 ]. 
Evidence on the benefi t of surgery for PTS is confi ned to small 
patient series from single, specialized centers. 

 PTS is a common, chronic condition that can develop 
months or years after an acute DVT. Since the incidence of 
venous thrombosis has remained constant over time, the 
prevalence of PTS may increase. Ongoing research efforts 
may help identify at-risk patients who can benefi t from 
thrombolysis and other interventions aimed at preventing 
and minimizing the impact of PTS.   

    Conclusion 

 Chronic venous disease undermines a patient’s quality of life 
by causing persistent edema, pain, and ulcers in severe cases. 
The economic impact of CVI and PTS encompasses the 
direct medical costs for prolonged treatment and the indirect 
costs from lost productivity at work and in the home. Despite 
the high prevalence and signifi cant morbidity of chronic 
venous disease, many clinicians are not familiar with the 
underlying pathophysiology. This chapter will empower 
general surgeons to recognize patients with chronic venous 
disease and initiate appropriate management strategies.     
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           Introduction 

       Venous disease affects a large segment of the United States 
population with approximately 20 % of American adults 
having varicose veins and over two million people suffering 
from disabling complications of advanced chronic venous 
insuffi ciency. The economic burden associated with venous 
disease is measured in hundreds of millions of dollars for 
healthcare costs and lost work days. As the population ages, 
the prevalence of venous disorders will increase which 
highlights the need for practitioners who can diagnose and 
effectively manage patients with venous insuffi ciency. This 
chapter will review the basic pathophysiology and clinical 
presentation of superfi cial venous insuffi ciency and varicose 
veins with specifi c attention to diagnosis using duplex ultra-
sonography, indications for treatment, and interventional 
treatment techniques.  

    Pathophysiology 

 The precise sequence of events leading to varicose veins 
remains unclear. Rather than being mutually exclusive, many 
theories regarding the pathophysiology of varicose veins and 
venous insuffi ciency represent interrelated parts of the larger 
puzzle. Valve dysfunction has traditionally been identifi ed as 
the primary trigger for venous hypertension and subsequent 
varicose vein formation. According to this hypothesis, vari-
cose veins develop from a single incompetent valve, usually at 
the saphenofemoral junction. Valvular dysfunction at this 
proximal “entrance point” creates venous refl ux by allowing 
retrograde venous fl ow into the distal lower extremity. Venous 
refl ux generates venous hypertension, which ultimately causes 

venous tributaries in the thigh and leg to sequentially dilate 
into varicose veins. Despite its anatomic support and intuitive 
appeal, this theory alone cannot completely explain the patho-
physiology of varicose veins. Increasing evidence suggests 
that varicose veins do not always follow a “proximal to distal” 
pattern of progression. Varicose veins can develop in any loca-
tion on the lower extremity as the result of factors other than 
valvular incompetence. Over the past decade, research has 
identifi ed key roles for infl ammation and hormone activa-
tion in the pathogenesis of varicose veins and venous insuffi -
ciency [ 1 ]. On a molecular level, patients with varicose veins 
and venous insuffi ciency share unique characteristics includ-
ing increased levels of TGF-beta and matrix metalloprotein-
ases (MMPs) and changes in the extracellular matrix which 
forms a perivascular cuff. Researchers now focus their atten-
tion on how these molecular changes interact with and con-
tribute to valvular incompetence to create varicose veins [ 2 ].  

    Clinical Evaluation 

 Patients with varicose veins typically report aching, throbbing, 
and heaviness in the lower extremity. Prolonged sitting or 
standing exacerbates these complaints because having the 
extremity in a dependent position increases venous hyperten-
sion and engorgement of branch varicosities. Patients often 
intuitively elevate the affected extremity to relieve discom-
fort. Progression of venous disease gives rise to more 
advanced symptoms such as a burning sensation, warmth 
within varicosities, and pruritus. Intense pain is not a charac-
teristic of venous disease or varicose veins and should 
prompt an investigation for another etiology. 

 The physical exam of a patient with varicose veins should 
begin with a thorough evaluation of both the arterial and 
venous systems. Assessment of the bilateral femoral, 
popliteal, dorsal pedal, and posterior tibial pulses can be 
performed with the patient supine. Asking the patient to 
stand will allow fi lling of the venous circulation making 
branch varicosities more prominent and easy to recognize. 

      Varicose Veins 
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The anatomic paths of the superfi cial axial veins should be 
inspected to determine if they are easily palpable. Varicose 
vein tributaries can then be examined for communication 
with a specifi c axial system. Edema of the extremities, par-
ticularly asymmetric swelling, is also most apparent with the 
patient standing. 

 Findings consistent with advanced venous insuffi ciency 
should be recorded including: venous stasis dermatitis, 
lipodermatosclerosis (LPD), atrophie blanche, and healed or 
active ulcers. Venous stasis dermatitis can masquerade as a 
generalized dermatitis, which appears in the gaiter distribu-
tion of the distal medial calf and is commonly clustered 
within or adjacent to hemosiderin deposition or varicosities. 
LPD is a manifestation of long-standing venous hyperten-
sion and chronic infl ammation. Affected extremities have a 
woody fi brosis of the distal calf with contracted skin whose 
texture is similar to a tree trunk. Over time, the distal calf 
becomes so contracted that the leg resembles an upside down 
champagne bottle. Severe fi brosis from prolonged venous 
hypertension can involve the Achilles tendon and limit the ankle 
joint range of motion. Atrophie blanche appears as a shiny, 
whitish patch of skin around the medial malleolus. Although 
it can look like an ulcer or a healed ulcer, atrophie blanche is 
actually a harbinger of an active venous stasis ulcer. 

 Occasionally, patients have a clinical presentation sug-
gesting both arterial occlusive disease and venous insuffi -
ciency. Physical fi ndings may include decreased pulses with 
hemosiderin deposition and LPD. In this situation, ankle bra-
chial indices and a venous refl ux exam must be performed. 
In the presence of both arterial occlusive disease and 
advanced venous changes, efforts to improve arterial perfu-
sion should precede any venous intervention. 

 In women, proximal venous obstruction can cause pelvic 
congestion syndrome which is characterized by pelvic pain 
and dyspareunia. Physical clues to pelvic congestion include 
vaginal or labial varicosities and clusters of varicose veins at 
the inguinal crease and medial upper thigh. Recognizing pel-
vic congestion syndrome can be challenging, and the condi-
tion is often a diagnosis of exclusion. Although clinical 
presentations vary, pelvic congestion syndrome usually 
affects premenopausal, multiparous women who report 
symptoms of pelvic fullness or heaviness, postcoital pain, 
and exacerbation of these issues during the menstrual cycle. 
Diagnostic imaging modalities can involve transabdominal/
transvaginal ultrasound, magnetic resonance venography 
(MRV) of the abdomen and pelvis, and pelvic venography 
with concomitant embolization as a therapeutic intervention. 
Findings consistent with the diagnosis include dilated peri-
uterine varices on MRV and ovarian vein refl ux during 
venography. Over the past several years, surgical ligation of 
the ovarian vein via a retroperitoneal or laparoscopic 
approach has been replaced with percutaneous embolization 
of the incompetent pelvic veins using a combination of 
sclerosants, plugs, and coils. The management of pelvic 

congestion syndrome continues to evolve, and further inves-
tigation is required to establish standards of care for both 
diagnosis and treatment. 

 Both men and women can have other physical signs sugges-
tive of proximal venous obstruction including abdominal vari-
cosities and severe unilateral lower extremity edema. In some 
patients with no obvious physical signs, the clinical history 
may offer the only clue to presence of proximal venous obstruc-
tion. These patients may complain of a bursting pain in the leg 
that occurs with walking and requires leg elevation for relief. 
The term “venous claudication” has been coined to describe 
symptoms attributable to proximal venous obstruction. Most 
cases require further imaging exams to confi rm the diagnosis 
such as an MRV of the abdomen and pelvis with contrast. Up 
to 30 % of patients with advanced chronic venous insuffi ciency, 
particularly venous ulcer disease, may harbor pelvic venous 
pathology. In patients with chronic venous ulcers that are 
refractory to superfi cial venous intervention, the pelvic venous 
anatomy should be interrogated [ 3 ]. 

 In 1994, the American Venous Forum devised the CEAP 
system to uniformly classify venous disease (Table  12.1 ) [ 4 ]. 
Figures  12.1 ,  12.2 ,  12.3 ,  12.4 ,  12.5 , and  12.6  show examples 
of the different clinical grades using the CEAP classifi cation 
system. Although the CEAP system can reliably defi ne the 
severity of venous disease, this classifi cation is a static 
instrument that cannot measure clinical outcome. The 
Venous Clinical Severity Scoring (VCSS) system incorpo-
rates subjective criteria which give the scoring system a 
dynamic element allowing researchers to measure clinical 
outcomes by calculating the VCSS score before and after 
venous interventions (Table  12.2 ). Although venous disease 

   Table 12.1    CEAP classifi cation   

  Clinical classifi cation  
 C0  No disease 
 C1  Telangiectasia 
 C2  Varicose veins 
 C3  Edema 
 C4a  Hemosiderin deposition, venous stasis dermatitis 
 C4b  Lipodermatosclerosis 
 C5  Healed venous ulcer 
 C6  Active/open venous ulcer 
  Etiologic classifi cation  
 Ec  Congenital 
 Ep  Primary; idiopathic 
 Es  Secondary 
  Anatomic classifi cation  
 As  Superfi cial 
 Ad  Deep 
 Ap  Perforator 
  Pathophysiologic classifi cation  
 Pr  Refl ux 
 Po  Obstruction 
 Pr,o  Refl ux and obstruction in combination 
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  Fig. 12.1    Right leg showing telangiectasia, C1       

  Fig. 12.2    Left leg varicose veins, C2       

encompasses a wide spectrum of conditions, this chapter 
will primarily focus on varicose vein disease management.

              Diagnostic Evaluation: The Duplex 
Ultrasound Examination 

 Venous refl ux refers to fl ow in the veins away from the heart 
and toward the periphery which is the opposite direction of 
the normal venous blood fl ow. This retrograde venous fl ow 
generates venous hypertension which can distend branch 

varicosities, trigger infl ammation, and produce clinical 
symptoms such as leg fatigue, discomfort, and edema. 
Although this description oversimplifi es the pathophysiol-
ogy, there is little doubt that venous refl ux plays an important 
role in varicose veins. All varicose vein treatment strategies 
attempt to eliminate or minimize the impact of venous refl ux. 
The success of any therapy, therefore, requires a sensitive 
and practical test for detecting and characterizing venous 
refl ux. Duplex ultrasonography meets these requirements 
and has become the gold standard imaging modality for eval-
uation of venous disease. It is a noninvasive test that can 
accurately assess all of the variables relevant to patients 
being evaluated for varicose veins including:
    1.    Evidence of GSV and SSV refl ux   
   2.    Severity and extent of superfi cial, perforator, and deep 

venous refl ux   
   3.    Presence of variant tributaries of the superfi cial venous 

system   
   4.    Diameter of proximal, mid-, and distal GSV and SSV   
   5.    Patency of the deep venous system     

 Limitations of venous duplex ultrasound include its reli-
ance on the sonographer’s technical skills and the inability to 
visualize veins in patients with extensive bandages, severe 
edema, and extremely obese body habitus. 

 Evaluating for refl ux in the femoral veins and at the 
saphenofemoral junction should ideally be done with the 
patient standing for two reasons. First, standing dilates the 

  Fig. 12.3    Left leg edema, C3       
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lower extremity veins making them easier to identify and 
follow. Second, the upright position provokes refl ux by 
increasing the hydrostatic pressure on the venous valves. 
Overall, the physiologic consequences of standing upright 
improve the sensitivity and specifi city for detecting venous 
refl ux. Conducting a duplex exam with the patient standing 
requires some safety precautions. A walker or fi xed support 
bar allows patients to brace themselves in order to take 
weight off of the leg being examined. Keeping the knee in a 

  Fig. 12.4    ( a ) Right leg with hemosiderin deposits, C4a. ( b ) Left leg with lipodermatosclerosis, C4b       

  Fig. 12.5    Right leg with healed venous stasis ulcer, C5       

  Fig. 12.6    Right leg with active venous stasis ulcer, C6       
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slightly fl exed position helps facilitate a complete exam. 
Before beginning, the patient should be instructed to com-
municate any feelings of dizziness that arise during the 
exam. In some patients, the overall atmosphere of the room 
coupled with the audible Doppler signals can elicit a fainting 
response. These symptoms tend to occur less frequently 
when the exam is performed silently. Patients who cannot 
tolerate standing during the exam can be evaluated on a 
stretcher placed in reverse Trendelenburg position. 

 The superfi cial axial veins, that is, the GSV and SSV, 
should be mapped and interrogated with sequential compres-
sion throughout their course. The GSV resides in a fascial 
sheath with sonographically distinct anterior and posterior 
borders. When compressed the normal GSV appears as a 
winking eye within the sheath [ 5 ]. Incomplete compression 
indicates acute thrombus or chronic phlebitis if the image is 
associated with thickened walls or intraluminal septae. Vein 
segments visualized outside of the saphenous sheath are 
accessory vein branches, not the axial vein, and anomalous 
venous anatomy or branching should be noted. The SSV 

appears in a triangular sheath created by the two heads of the 
gastrocnemius and the surrounding fascia. 

 Refl ux testing employs provocative maneuvers designed 
to elicit retrograde venous fl ow. The Valsalva maneuver 
generates retrograde venous fl ow in the proximal GSV. With 
the transducer positioned to visualize the saphenofemoral 
junction, the patient takes a deep breath and bears down with 
a closed epiglottis. Color fl ow imaging demonstrates reversed 
fl ow in the proximal GSV. The exact duration of retrograde 
fl ow can then be determined by reviewing the spectral analy-
sis of the venous waveform recorded during the Valsalva 
maneuver. Venous refl ux is defi ned as prolonged retrograde 
fl ow lasting longer than 0.5 s (500 ms). The Valsalva test for 
refl ux can only be used to evaluate the saphenofemoral junc-
tion since a competent valve will interrupt the transmission 
of pressure distally [ 6 ]. 

 Evaluating for refl ux in the more distal veins of the lower 
extremity employs a series of compression and release 
maneuvers. After distal compression and rapid release, 
venous fl ow reverses until contact with a competent venous 

   Table 12.2    Venous Clinical Severity Scoring (VCSS)       
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valve. In perforator veins, a cutoff time of 350 ms is used to 
defi ne venous refl ux, while 1,000 ms is used for the femoral 
and popliteal veins (Table  12.3 ). To be effective, the com-
pression and release of the thigh and calf should be done 
quickly and sharply. Automated pressure cuffs can substitute 
for manual compression and offer a more standardized, 
albeit more cumbersome, exam [ 6 ].

   In addition to evaluating for refl ux, duplex examination 
also provides essential information regarding superfi cial 
venous anatomy, patency, and diameter. Duplicated veins and 
accessory tributaries occur relatively frequently in the lower 
extremity. More than 18 % of patients have duplicated saphe-
nous systems, and other veins may be hypoplastic or aplastic. 
The diagnostic duplex study should actively search for and 
characterize duplicated and accessory veins. In some cases, 
refl ux may occur only in an accessory venous tributary, while 
the GSV remains uninvolved. Knowledge of these anatomic 
variants allows practitioners to direct venous interventions at 
only those segments which demonstrate venous refl ux [ 7 ]. 

 The duplex ultrasound exam should also assess the 
patency of the superficial and deep veins because the 
presence of venous thrombosis or obstruction can limit inter-
ventional treatment options. Complete venous wall apposi-
tion during compression confi rms patency. A dilated vein 
that fails to compress indicates acute thrombosis, while 
thickened vein walls and altered inhomogeneous color fl ow 
suggest chronic thrombosis or partial recanalization. Acute 
or chronic obstruction of the GSV or SSV may prevent 
advancement of the venous stripper or ablation catheter pre-
cluding surgical vein stripping or endovenous ablation, 
respectively. Likewise, obstruction of the deep venous sys-
tem represents a relative contraindication to interventions on 
the superfi cial venous system. In these cases, the superfi cial 
axial veins should be preserved because they may be acting 
as important venous collaterals providing venous outfl ow for 
the lower extremity. 

 The diameter of the GSV helps determine the presence of 
venous refl ux. Diameters larger than 7.3 mm at the sapheno-
femoral junction, 6 mm in the midthigh, and 4 mm in the 
midcalf are predictive of an incompetent GSV. In contrast, 
diameters smaller than 5.5 mm, 3 mm, and 2 mm at the same 
respective levels are associated with GSV competence. Vein 
diameter and distance from the skin also play a role in plan-
ning for endovenous ablation procedures. These variables 
help determine what energy level will ablate the vein without 

risking thermal injury to the skin. Ultrasound diameter mea-
surements of the saphenous and accessory veins should be 
conducted with the patient supine since ablation procedures 
are performed in that position. The GSV 3–4 cm below the 
knee deserves particular attention because it is the most com-
mon entry point for percutaneous access and it must be of 
adequate caliber to accept the therapeutic catheters.  

    Noninterventional Management 

 The initial management of varicose veins usually involves 
noninterventional therapy consisting of compression stock-
ings, lower extremity elevation, exercise, and anti- 
infl ammatory medication as needed. Compression stockings 
exert graduated pressure on the lower extremity which keeps 
varicose veins from becoming distended during prolonged 
standing, walking, and sitting with the legs in a dependent 
position. This extrinsic compression may provide symptom-
atic relief by minimizing the infl ammatory response trig-
gered by varicose vein engorgement and lower extremity 
edema. Compression stockings come in a variety of lengths 
(knee high, thigh high, pantyhose) and various pressure 
ranges: 8–15 mmHg, 15–20 mmHg, 20–30 mmHg, 
30–40 mmHg, and greater than 40 mmHg. An adequate trial 
of noninterventional therapy requires use of compression 
stockings with a minimum pressure of 20–30 mmHg. 

 Although compression stockings effectively control the 
symptoms of varicose veins, they cannot work if they are not 
worn regularly. Patients should be instructed to put the stock-
ings on as soon as they get out of bed in the morning when leg 
edema and varicose vein distention are least prominent. They 
should wear the stockings all day while performing their activ-
ities of daily living and remove them in the evening prior to 
bed. Some patients lack the physical strength or manual dex-
terity to pull on their stockings. Advanced age, severe muscu-
loskeletal disease, and high body mass index can render 
stocking use nearly impossible. In addition, patients who have 
concomitant arterial occlusive disease (ABI less than 0.5) 
should not wear compression stockings to avoid compromis-
ing the tenuous arterial perfusion. Physicians can improve 
patient compliance by emphasizing the advantages of 
compression stockings including their noninvasive nature, 
excellent safety profi le, and ability to improve symptoms with 
use. Below-knee stockings are the easiest to wear and should 
be prescribed regularly unless patients have varicosities 
around the popliteal fossa. Patients must be measured by a 
certifi ed stocking fi tter who can act as a useful resource to help 
patients understand proper stocking application. Compliance 
generally improves with stocking education. 

 Lower extremity elevation allows passive emptying of the 
axial and tributary veins and provides relief of symptoms 
associated with ambulatory venous hypertension. Patients 

   Table 12.3    Criteria for refl ux   

 Vein  Criteria 

 Femoral, popliteal tibial  Greater than 1,000 ms 
 Great and small saphenous 
(GSV, SSV) 

 Greater than 500 ms 

 Perforating veins  Greater than 350 ms 
(diameter greater than 3.5 mm) 
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are instructed to keep their “toes above the nose” for 15 min 
twice a day. Despite being brief in duration, these intervals of 
lower extremity venous decompression can alleviate some of 
the symptoms associated with varicose veins. 

 Exercise plays an essential role in noninterventional 
management of varicose veins and superfi cial venous insuf-
fi ciency. The specifi c type of exercise is not important as 
long as it involves activation of the gastrocnemius and 
soleus muscles. Calf muscle contraction pumps venous 
blood from the GSV and SSV of the superfi cial system into 
the femoral and popliteal veins of the deep system. The 
lower extremity venous pump also augments venous blood 
fl ow from the distal leg into the proximal thigh and ulti-
mately increases venous outfl ow into the iliac veins and infe-
rior vena cava. Overall, exercise decreases lower extremity 
venous pressure    [ 8 ]. Although not required, some patients 
report that wearing compression stockings during exercise 
provides additional symptomatic relief. 

 Medical therapy for venous disease primarily involves 
anti-infl ammatory medications to relieve symptoms associ-
ated with varicose veins and superfi cial phlebitis. Outside of 
the United States, venoactive agents are used more regularly 
to treat symptomatic venous insuffi ciency. Studies involving 
horse chestnut extract, gamma-benzopyrenes, fl avinoids, and 
pine bark extract have reported a decrease in leg edema. 
Although these small studies had promising results, a recent 
Cochrane review concluded that there was insuffi cient evi-
dence to support widespread use of venoactive agents. In 
patients with advanced chronic venous insuffi ciency, fl a-
vinoids (MPFF) or pentoxifylline may accelerate ulcer heal-
ing, and the Society of Vascular Surgery/American Venous 
Forum (SVS/AVF) Guidelines Committee recommends 
using one of these agents as adjuvant therapy to compression 
(Grade 2B) [ 9 ].  

    Treatment 

    Indications for Intervention 

 The initial management of symptomatic varicose veins 
consists of a trial of conservative measures including 
compression stockings, anti-infl ammatory medication, and 
leg elevation. After 3 months, patients should be reevaluated 
to determine the success of noninterventional therapy. If the 
patient’s symptoms persist despite adequate compliance, 
interventional treatment options should be considered. 
Patients who present with complications related to varicose 
veins such as superfi cial thrombophlebitis or bleeding can 
often forego a trial of conservative treatment and be consid-
ered for immediate intervention.  

            All interventions for varicose veins share the same treat-
ment objective: to remove branch varicosities and eliminate 
superfi cial venous refl ux. Various forms of phlebectomy and 
sclerotherapy physically remove or close off branch varicosi-
ties, thereby abolishing the source of symptoms and the most 
obvious physical manifestation of the disease. Procedures 
directed at superfi cial venous refl ux focus on the unseen 
source of venous hypertension and varicose veins. Surgical 
stripping and percutaneous ablation of the GSV are tech-
niques designed to reduce venous hypertension by eliminat-
ing superfi cial venous refl ux. In addition to providing 
symptomatic relief, successful vein stripping or ablation pro-
cedures also decrease the rate of recurrent varicose veins.  

    Surgical Vein Stripping 

 Surgical techniques for eliminating superfi cial venous refl ux 
started to develop over 100 years ago. Keller introduced 
saphenous vein invagination and stripping, while Mayo 
pioneered the use of an external stripper to remove the 
saphenous vein. Babcock described stripping the saphenous 
vein intraluminally from the ankle to groin. High ligation of 
the GSV briefl y gained popularity as a method for treating 
venous refl ux without removing the GSV. Unfortunately, 
ligation usually fails to eliminate venous refl ux, and it has 
been largely abandoned as an isolated treatment for superfi -
cial venous incompetence. Modern surgical treatment for 
superfi cial venous refl ux involves high ligation and stripping 
of the GSV from the knee to the groin. This method of GSV 
removal minimizes the risk of nerve injury compared to 
stripping that extends to the ankle. 

 High ligation and vein stripping usually requires general 
or spinal anesthesia. A transverse or oblique groin incision is 
made just medial to the femoral artery pulse and inferior to 
the inguinal crease. Sharp dissection allows identifi cation of 
the proximal GSV and other venous tributaries which can be 
ligated and divided. A brief exploration to identify the pres-
ence of a duplicate saphenous system should be performed. 
The GSV can then be brought up into the surgical fi eld with 
gentle traction on the saphenofemoral junction. This maneu-
ver affords further visualization of any missed tributaries that 
require ligation. The GSV should be ligated with a nonab-
sorbable suture and transected near its confl uence with the 
femoral vein. 

 Attention is then directed to the below-knee segment of 
the GSV by making a small transverse incision on the proxi-
mal, medial calf. The GSV is identifi ed, ligated distally, and 
transected. The Codman stripper is advanced proximally 
through the GSV to exit out the transected vein in the groin 
incision. The bulb is then attached to the end of the Codman 
stripper that exits the groin incision, and a handle is attached 
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to the other end (exiting the calf incision). The saphenous 
vein should be secured to the bulb of the stripper and inverted 
onto itself. Forcefully pulling on the handle of the Codman 
stripper removes the GSV from the groin to the knee. Prior to 
stripping, the lower extremity should be wrapped circumfer-
entially to aid in hemostasis and prevent postoperative edema 
and permanent hyperpigmentation due to blood extravasa-
tion. An additional method to decrease hyperpigmentation 
involves soaking gauze in 1 % lidocaine with epinephrine 
solution and attaching it to the end of the stripper. The gauze 
will pass through the vein tract and can be briefl y left in 
place after stripping to encourage hemostasis. 

 SSV stripping requires placing the patient in the prone 
position to optimize surgical exposure. The procedure starts 
with a proximal dissection involving the saphenopopliteal 
junction and follows the same techniques used in stripping 
the GSV. Stripping of the small saphenous should only be 
done to the level of the midcalf to avoid injury to the closely 
aligned sural nerve [ 10 ]. 

    Complications 
 Neovascularization refers to the development of new venous 
tributaries and varicose veins around the previously ligated 
and divided saphenofemoral junction. The incidence of neo-
vascularization after high ligation and stripping of the GSV 
exceeds 30 % according to some reports. Interestingly, neo-
vascularization does not occur after endovenous ablation 
procedures which obviate the need for a groin dissection or 
venous tributary ligation. This observation challenges the 
long-held tenet of varicose vein surgery which stressed the 
importance of a meticulous groin dissection with ligation of 
all visible venous tributaries. Rather than being benefi cial, 
surgical dissection and tributary ligation may actually trigger 
neovascularization and varicose vein recurrence. Monitoring 
for this complication usually involves periodic duplex ultra-
sound examination. 

 Saphenous nerve injury is a well-documented complica-
tion that occurs more frequently when the GSV is stripped 
all the way to the ankle. Anatomically, the saphenous nerve 
runs in closer proximity to the GSV in the calf compared to 
the thigh where the nerve and vein have more separation. 
This anatomic detail may explain why stripping only from 
the knee to the thigh reduces the risk of nerve injury.   

    Percutaneous Vein Ablation 

 Percutaneous endovenous ablation of the superfi cial axial 
veins revolutionized the treatment for superfi cial venous 
insuffi ciency. As a minimally invasive alternative to surgical 
vein stripping, percutaneous endovenous ablation can be 
performed on an outpatient basis with local anesthesia. 
Advantages of this technique include less patient discomfort 

and a more rapid recovery. Patients now actively seek treat-
ment for varicose veins prompting the proliferation of outpa-
tient vein treatment centers. There are three types of 
endovenous therapy for the superfi cial axial veins: radiofre-
quency ablation, laser ablation, and ultrasound-guided 
sclerotherapy (UGS). The fi rst two therapies will be described 
in this section, and the sclerotherapy section will include a 
review of UGS. 

 Endovenous ablation requires minimal pre-procedure 
preparation. Healthy patients with no medical history do not 
require lab work, while standard lab evaluation is usually 
obtained for patients with signifi cant medical comorbidities. 
Patients who are on anticoagulation should remain on their 
standard regimen. The risk of bridging therapy is greater than 
the risk of keeping patients on their baseline anticoagulation 
as long as the INR is 3 or less. Guidelines for periprocedural 
DVT prophylaxis have yet to be widely accepted. The author 
gives a single pre-procedure dose of low- molecular heparin to 
patients with two or more risk factors for DVT listed in 
Table  12.4 . All antiplatelet medications can be continued 
throughout the procedural course. Although the author does 
not routinely administer prophylactic antibiotics, patients with 
advanced chronic venous insuffi ciency and skin changes 
usually receive a pre-procedure dose of cefazolin.

   Anesthesia for endovenous ablation procedures can range 
from local injections to moderate sedation. Many patients 
tolerate the procedure with minimal anesthesia consisting 
only of tumescent infusion of dilute lidocaine around the 
GSV. Ideally, these patients can be treated in an offi ce set-
ting. Moderate sedation requires hemodynamic monitoring 
equipment and is more suited for an outpatient surgical cen-
ter. The choice of anesthesia ultimately depends on the pref-
erences of the patient and physician as well as the available 
resources and practice environments. 

 As previously described, the venous duplex ultrasound 
plays an essential role in planning endovenous ablation pro-
cedures. The ultrasound exam should provide the treating 
physician with the following information: patency of the 
deep venous system, location of normal and refl uxing axial 
veins, areas of communication between the varicosities and 
the axial vein, and the presence of duplicate or accessory 
refl uxing vein segments. 

 An acute occlusive DVT is an absolute contraindication 
to endovenous ablation while a chronically recanalized deep 

   Table 12.4    Patient characteristics that warrant consideration of 
LMWH prophylaxis   

 Body mass index (BMI) >30 
 Use of oral contraceptives 
 Tobacco use 
 History of thrombotic episode 
 Documented thrombophilia 
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venous system is a relative contraindication. In patients who 
have secondary venous insuffi ciency, the superfi cial veins 
play a more important role in venous drainage compared to 
patients with a pristine deep venous system and primary 
venous insuffi ciency. Care must be taken to ensure that 
superfi cial venous ablation will not compromise the venous 
outfl ow of the postthrombotic limb (Table  12.5 ).

   The site of percutaneous access depends on the patient’s 
symptoms and the location of their varicose vein tributaries. 
If endovenous ablation of the GSV is planned in a patient 
with painful varicosities on the proximal calf, it is helpful to 
evaluate these branches with ultrasound. Percutaneous 
access on the distal calf just inferior to the varicose veins will 
ensure that maximum resolution of the tributary branches is 
achieved with endovenous therapy. 

 Radiofrequency ablation and laser energy deliver two dif-
ferent types of energy to the vein lumen. Radiofrequency 
heat is delivered at a temperature of 120 °C. The 
 radiofrequency directly injures the vein wall endothelium, 
resulting in collagen contraction and thrombosis of the 
treated vein. As the vein becomes fi brotic, new collagen 
matrix further constricts the vein lumen resulting in long-
term occlusion of the vein. Laser energy delivers energy to 
the blood itself. Steam bubbles are generated with the laser 
energy, and coagulation occurs after completion of laser 
energy is delivered. Radiofrequency catheters vary in length 
but not in temperature delivered. In contrast, laser energy 
catheters come in different wavelengths ranging from 810 to 
1,470 nm. Investigators have demonstrated that the higher 
wavelength fi bers appear to be associated with less post-pro-
cedural discomfort. 

    Technique 
 In most cases, the extremity should be placed in a position of 
external rotation with the knee slightly fl exed. A sheet 
“bump” may help the patient maintain this position. Placing 
the patient in reverse Trendelenburg can help dilate the vein 
to be accessed. After the standard sterile prep and draping, 
the ultrasound probe is brought onto the fi eld in a sterile 
transducer cover. The author reexamines the vein to be 
treated along its entire course noting areas of aneurysmal 
dilation or tortuosity that may affect catheter placement 
(Table  12.6 ). Ideally, the puncture site should be distal to the 
lowest level of truncal refl ux and provide unobstructed 
access to the refl uxing vein segment.

   At the chosen site of percutaneous access, the ultrasound 
probe is positioned to obtain a stable gray-scale image of the 

vein in either the transverse or sagittal plane. After punctur-
ing the skin, limited, small movements of the 21 gauge nee-
dle help identify its tip on the ultrasound image. Using 
real-time imaging, the needle is guided into the vein lumen 
and exchanged over a wire for a 6 or 7 French sheath using 
the modifi ed Seldinger technique. With ultrasound guidance, 
the RF catheter or laser catheter is then advanced through the 
sheath, and the ultrasound probe is positioned in the groin to 
visualize the catheter tip, saphenofemoral junction, and the 
deep system. Using ultrasound guidance, the tip of the abla-
tion catheter is placed 2–3 cm distal to the saphenofemoral 
junction in order to minimize the chance of heat transmission 
into the femoral vein. Ideally, the probe should be placed just 
distal to ostium of the superfi cial epigastric vein. Defi nitive 
positioning of the therapeutic catheter must be completed at 
this point, prior to the administration of local anesthesia dur-
ing the next stage of the procedure. Imaging artifacts from 
the tumescent anesthesia tend to impede visualization of the 
catheter tip making it diffi cult to adjust its position. 

 Before beginning tumescent anesthesia, the patient should 
be placed in the Trendelenburg position to help empty the 
vein. Tumescent anesthesia is the infusion of a large volume of 
dilute local anesthetic. Although there are many recipes for 
tumescent solution, the main components are lidocaine, epi-
nephrine, and sodium bicarbonate diluted with Ringer’s lac-
tate or normal saline. During laser treatment and radiofrequency 
ablation procedures, tumescent anesthesia performs three 
functions: (1) anesthesia provided over a large area, (2) vein 
compression around the therapeutic catheter, and (3) creation 
of a protective barrier to prevent heating of nontarget tissues 
including skin, nerves, arteries, and the deep veins. 

 For GSV procedures, the target of tumescent anesthesia is 
the saphenous canal which consists of the deep and superfi -
cial fascial layer surrounding the GSV. When viewed in the 
transverse plane, the saphenous canal resembles an eye, and 
the ultrasound image is often referred to as the “saphenous 
eye.” Administration of tumescent anesthesia starts distally 
on the lower extremity and progresses proximally. Real-time 
ultrasound imaging guides a 21–25 gauge needle into the 
saphenous canal to deliver the tumescent anesthesia. When 
injected into the proper perivenous tissue plane, the  tumescent 
anesthesia will track up and around the target vein. A long-
axis ultrasound view gives the best image of fl uid spreading 

   Table 12.5    Ultrasonographic fi ndings that contraindicate intervention   

 Acute occlusive deep venous thrombus 
 Poor recanalization of chronic deep veins 
 Acute thrombus (partial or long segment) of GSV or SSV 

   Table 12.6    Ultrasonographic fi ndings that affect the endovenous 
procedure   

 Venous dilatation or aneurysmal segment of superfi cial axial vein 
 Webbing, septae of GSV, SSV 
 Attenuated infrapopliteal GSV 
 Variable endpoint of the SSV (no communication with the 
popliteal system) 
 Duplicate system 
 Accessory branches 
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up the saphenous canal. Multiple skin punctures and injections 
are performed until the vein has a 10 mm halo of tumescent 
anesthesia along its entire course. The targeted vein segment 
is then reinspected by ultrasound to ensure that the vein is 
compressed around the therapeutic catheter and adequately 
separated from the overlying skin. 

 Radiofrequency energy or laser energy is then applied to 
the vein segment by activating and slowly withdrawing the 
therapeutic catheter (Fig.  12.7 ). The specifi cs of retrograde 
pullback depend on the type of catheter. Radiofrequency 
energy involves a segmental pullback governed by hash 
marks on the catheter and a timed activation on the accompa-
nying generator. Laser energy catheters are variable: some 
have a slow continuous pullback, while others require a seg-
mental pullback. Gray-scale ultrasound images can often 
detect steam bubbles generated by the laser fi ber. For some 
practitioners, this ultrasound fi nding serves as proof that the 
laser fi ber is functioning properly.

   Regardless of the type of energy delivered, once the vein 
has been completely treated, the sheath and accompanying 
catheter are removed. Ultrasound imaging should confi rm 
the patency of the femoral vein as well as successful occlu-
sion of the GSV. Color Doppler is often the only way to 
assess patency at this point because of the distortion caused 
by the ablation and the surrounding tumescent anesthesia. 
The author also routinely evaluates venous fl ow in the epi-
gastric vein. Retrograde fl ow from the epigastric vein into 

the proximal GSV may help prevent the post-procedural 
development of endovenous heat-induced thrombus. 

 Post-procedural instructions vary. Usually, the patient’s 
extremity is wrapped in a layered compression dressing, or a 
20–30 mmHg compression stocking is applied. The patient 
is instructed to walk every hour until bed. Regular activity 
except for vigorous cardiovascular exercise can be resumed 
the following day. After a satisfactory post-procedural 
duplex, all activity restrictions are lifted. 

 All follow-up protocols should include a duplex ultra-
sound exam 2–5 days after the procedure. The duplex ultra-
sound ensures that the deep venous system remains patent 
and confi rms that the GSV has been ablated. Reported rates 
of DVT following endovenous procedures range from 0 to 
16 % after radiofrequency ablation and 0–7.7 % after laser 
ablation. Although the incidence of a post-ablation DVT is 
extremely low, duplex ultrasound can detect thrombus in the 
proximal GSV which can extend into the common femoral 
vein. Kabnick coined the term endovenous heat-induced 
thrombus (EHIT) to describe this ultrasound fi nding. He 
classifi ed EHIT into four different levels based on the size of 
the thrombus and its extension into the deep venous system 
(Fig.  12.8  and Table  12.7 ).

    The mechanism of EHIT formation remains unclear. 
General consensus assumes that heat-triggered thrombus in 
the GSV propagates into the saphenofemoral junction and 
encroaches on the deep venous system. EHIT and acute DVT 

  Fig. 12.7    Endovenous ablation. Top common femoral vein (line ends at blue vessel). Next label leave off, third is femoral vein, fourth catheter tip 
for vein ablation, fi fth great saphenous vein       
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differ in their sonographic characteristics and natural history. 
EHIT becomes sonographically echogenic very quickly (less 
than 24 h), while acute DVT usually remains hypoechoic for 
several days after its initial detection. Although EHIT 
appears to have a low propensity to propagate or embolize, 
pulmonary embolism has been reported after venous abla-
tion procedures. Follow-up ultrasound exams usually dem-
onstrate retraction or complete resolution of EHIT within 
7–10 days. Given this benign natural history, most practitio-
ners do not treat Class 1 and Class 2 EHIT. Class 3 EHIT 
which involves partial, nonocclusive extension into the deep 
venous system usually warrants anticoagulation therapy, the 
duration of which can vary based on physician discretion. 
Since Class 4 EHIT represents occlusive DVT, it requires a 
3-month course of anticoagulation [ 11 ].  

    RFA or Laser? 
 The choice of whether to use RFA or laser as the energy 
source for venous ablation procedures remains a matter of 
physician preference. Randomized prospective studies com-
paring the two techniques have detected very few differ-
ences. Patients treated with laser ablation tended to have 
more discomfort in the very early post-procedural period; 
however, all other outcome variables were similar [ 12 ,  13 ].   

    Phlebectomy 

    Preoperative Considerations 
 Patients who are on anticoagulation do not require reversal 
or bridging as the risk of bleeding is less than the risk associ-
ated with altering a stable anticoagulation regimen. The 
author considers an INR of 3 or less to be safe. Patients can 
also continue using aspirin. 

 Preoperatively the varicose vein tributaries should be 
marked with the patient standing to allow adequate venous 
distension. Occasionally, the patient may need to ambulate to 
facilitate vein fi lling. The varicosities are marked directly 
with a permanent pen, and pre-procedural photographs are 
taken. Varicose vein phlebectomy qualifi es as a clean case 
that does not require prophylactic perioperative antibiotics. 
Any type of anesthesia can be used, and the appropriate 
choice depends on the clinical setting and patient factors. 
Ambulatory phlebectomy can be performed under local 
anesthesia by instilling lidocaine adjacent to the marked var-
icose vein segments. Patients with extensive varicosities, 
multiple comorbidities, or a high level of anxiety may be 
more comfortable with moderate sedation.  

    Technique 
 Surgical phlebectomy employs several small incisions 
(1 mm) made along Langer’s skin lines. The author uses an 
11 blade scalpel to make the incisions adjacent to the previ-
ously marked varicose veins. A hook device inserted into the 
subcutaneous plane is swept in a circular fashion to locate 
the vein. The tactile sensation of rubbery counter tension 
indicates that the hook has entered the vein. Once the vein is 
hooked, the vein is brought up through the skin incision and 
grasped with a pediatric mosquito hemostat.    Executing a 

SAPHENOFEMORAL JUNCTION with Endovenous Heat Induced Thrombus (EHIT)

CLASSES 1
EHIT @ SFJ

CLASSES 2
EHIT into CFV

<50%

CLASSES 3
EHIT into CFV

>50%

CLASSES 4
EHIT in CFV
Occlusive DVT

50%
50%

  Fig. 12.8    Endovenous heat-induced thrombus classifi cation       

   Table 12.7    Classifi cation of endovenous heat-induced thrombus   

 Location of and extent of thrombus 

 Class 1  Flush with saphenofemoral junction 
 Class 2  Proximal extension of saphenofemoral junction with 

cross-sectional diameter of <50 % 
 Class 3  Proximal extension of the saphenofemoral junction with 

cross-sectional diameter of >50 % 
 Class 4  Occlusive deep venous thrombosis 
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series of gentle pronation and supination movements while 
holding tension on the mosquito clamp will deliver an appre-
ciable length of the vein. As this occurs, another mosquito 
hemostat is applied to the vein as close to the skin as possi-
ble. This process continues, removing as much of the vein as 
possible until the vein avulses (Figs.  12.9  and  12.10 ). 
Applying gentle fi nger pressure will quickly achieve hemo-
stasis. Placement of the next incision depends on the length 
of the vein obtained from the preceding avulsion. Keeping 
the incisions small allows them to reapproximate with an 
excellent cosmetic result. A steri strip or simple suture in 
rare cases can close larger incisions. Patients with multiple, 
large varicosities may require a multilayer compression 
dressing. For focal small- and moderate-sized varicosities, 
the incisions can be closed with steri strips and padded with 
a small piece of gauze. A compression stocking can then be 
placed directly over the dressings. This method is most com-
monly used for ambulatory phlebectomy performed under 
local anesthesia.

       Precautions/Additional Considerations 
 Redundant skin, particularly around the popliteal fossa, can 
cause small incisions to elongate dramatically. Care must be 
taken to avoid hooking the subcutaneous tissue aggressively or 
multiple times through a single incision site. Removing vari-
cosities from the pretibial region has been associated with 
higher rates of paresthesias. Pedal edema can occur with over-
zealous phlebectomy of the foot, and this possibility should be 
discussed with the patient prior to the procedure.  

    Complications 
 Complications of surgical phlebectomy include sensory par-
esthesias which are usually temporary. Nerve injury result-
ing in a motor defi cit has been rarely reported. More limited 
phlebectomy attempts around the ankle, foot, and popliteal 
fossa may decrease the risk of this complication. DVT and 
pulmonary embolism are rare but reported events. 
Perioperative DVT prophylaxis is recommended for patients 
who have multiple thrombotic risk factors.   

  Figs. 12.9 and 12.10    Illustration of technique for stab phlebectomy       
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    Transilluminated Powered Phlebectomy 

 Spitz and colleagues developed a minimally invasive vein 
extracting device in the early 1990s. With the transillumi-
nated powered phlebectomy technique, one hand holds a 
device that delivers tumescence and provides transillumina-
tion, while the other hand operates the motorized resector 
(Fig.  12.11 ). Most practitioners administer moderate seda-
tion when performing the powered phlebectomy; however, 
some investigators reported promising preliminary outcomes 
with using only local anesthesia [ 14 ].

   Preoperatively the clusters of varicosities to be resected 
should be identifi ed with the patient standing and marked 
circumferentially. After adequate anesthesia is administered, 
a small incision is made outside the marking to allow entry 
of the transilluminator into the subcutaneous plane. 
Administration of tumescence hydrodissects the tissue 
around the varicose veins. The resector is then placed across 
from the transilluminator, and the varicosities are resected 
under direct vision and expelled through the resector device. 
Applying counter traction on the skin can help facilitate vein 
removal. Punch holes (1.5 or 2 mm) are placed within the 
phlebectomy fi eld to provide drainage during the procedure. 
Multilayer compression dressings are applied to the extrem-
ity. Most patients experience drainage due to effl uence of the 
tumescent solution through the punch hole sites. A post- 
procedural follow-up visit is required to change the dressings 
and assess the incisions. 

    Precautions/Additional Considerations 
 In experienced hands, powered phlebectomy is an excellent 
device. Transillumination provides direct visualization 
enabling practitioners to remove branch vein tributaries rap-
idly with fewer incisions than surgical phlebectomy. This 
technique is particularly advantageous in patients with exten-
sive neovascularization. Effective use of powered phlebec-
tomy is associated with a steep learning curve. Hematomas, 
retained vein segments, and extensive ecchymoses are 
common complications. The resector device is disposable, 
so the cost of equipment needs to be weighed against faster 

procedure times. The post-procedural visit required to manage 
the bulky dressings also adds to the overall cost.  

   Complications 
 Most of the complications associated with powered phlebec-
tomy involve inadequate drainage of the surgical site which 
can result in a hematoma, ecchymosis, and skin staining. 
Retained vein segments can lead to localized phlebitis. 
Temporary and permanent paresthesias have been reported 
and are likely due to apparatus manipulation in the subcuta-
neous space.   

    Sclerotherapy 

 Sclerotherapy consists of injecting a sclerosant or detergent 
directly into the targeted vein. The sclerosant damages the 
vein endothelium eventually causing fi brosis, contraction, 
and, in smaller veins, reabsorption (Fig.  12.12 ). A wide 
range of veins can be treated with sclerotherapy including 
telangiectasias, small varicose veins (1–3 mm), and residual 
veins that persist after axial ablation procedures.

   Sclerotherapy performed on small telangiectasias or “spi-
der veins” is a cosmetic procedure. Therefore, an explicit 
discussion with the patient regarding expected outcomes, 
aesthetic results, and potential complications is extremely 
important. Photographs are recommended both for docu-
mentation and for assessment of post-procedure outcome. A 
variety of sclerosants and concentrations are available. The 
two main FDA approved agents used in the United States are 
polidocanol and sodium tetradecyl sulfate. 

 Sclerotherapy should be performed by injecting small 
regions at a time. It is better to be too superfi cial than too 
deep with the injection. The needle caliber should be as 
small as the operator can use and still be able to appreciate its 
tip. Wearing magnifi cation loupes may be helpful. The bevel 
of the needle should be positioned up, and some practitioners 
prefer to gently bend the needle to aid in vein entry. Blood 
should be aspirated prior to injecting the sclerosant to ensure 
that the needle is in the vein lumen. Caution must be  exercised 
when contemplating sclerotherapy for veins at the ankle and 
foot. These areas have a small amount of subcutaneous tissue 
which increases the risk of nerve injury, hyperpigmentation, 
and necrotic ulceration. 

 The treated leg can be wrapped in a layered dressing, or 
the compression stocking can be placed over the extremity. 
Patients are instructed to ambulate for 20 min before driving 
home. Low-grade compression stocking use for 2 weeks 
following the procedure has been shown to improve the 
fi nal aesthetic result. Patients should avoid exposing the 
extremity to direct sunlight for the fi rst 7 days following 
the injection. 

  Fig. 12.11    Transilluminated powered phlebectomy       
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   Complications 
 Complications associated with sclerotherapy for telangiecta-
sias include hyperpigmentation, matting, and trapped blood 
fi lling small venules. Patients are instructed to return for 
follow-up evaluation 7–10 days following the procedure. If 
necessary, trapped blood can be aspirated or punctured and 
expressed with a small needle during the follow-up visit. 
Telangiectatic matting can resolve with time or further 
sclerotherapy sessions [ 15 ].   

    Ultrasound-Guided Sclerotherapy 

 Ultrasound-guided sclerotherapy (UGS) gained popularity 
as a simple, minimally invasive technique that allows patients 
to rapidly return to their baseline activity level. Since its fi rst 
description in 1989, the use of UGS has expanded to treating 
incompetent perforator branches and large venous tributaries 
caused by neovascularization. Preparation for UGS requires 
a comprehensive duplex examination. 

 The closed needle technique is the most common method 
for performing UGS. A 25 gauge needle is used as this is the 
smallest caliber needle that can be visualized with gray-scale 
ultrasound. The needle is attached to a syringe containing the 
sclerosant. The vein can be sonographically visualized in a 
transverse or longitudinal plane depending on the operator’s 
preference.    The frequency of the transducer is dependent on 
the depth of the vein to be treated. High-frequency transduc-
ers visualize superfi cial veins better, while deeper veins 

require lower frequency transducers. The needle tip must be 
visualized immediately as it penetrates the dermis. After 
entering the vein, the needle should be aspirated to confi rm 
its position within the vein lumen. Injecting a small test dose 
of sclerosant provides further confi rmation of the needle 
position. An alternative method of UGS uses a butterfl y nee-
dle instead of the needle attached to a syringe. 

 Volumes and concentrations of sclerosant are dependent 
on the size and length of vein to be treated. In general UGS 
requires high concentrations of sclerosant due to the large 
caliber of the targeted veins. Specifi c details regarding scle-
rosant preparation are outside the scope of this chapter. 
Additional training is recommended with this technique 
before attempting to perform UGS independently. 

 Anatomically, perforator veins have a direct connection 
with the deep venous system. Treating these veins with UGS 
requires caution to prevent sclerosant from entering the deep 
vein. The deep vein should be visualized sonographically 
throughout the procedure. Applying pressure on ultrasound 
transducer compresses the vein providing some degree of 
protection. Foam sclerosant tends to rise, and placing the 
patient in Trendelenburg position provides another level of 
protection from proximal embolization [ 16 ]. 

 Immediately following UGS, patients should ambulate 
for approximately 30 min. They are instructed to continue 
daily ambulation and wear 20–30 mmHg compression hose 
for 2 weeks. Post-procedure follow-up consists of ultrasound 
evaluation to assess the treated vein and associated deep 
venous tributaries. 

  Fig. 12.12    Illustration of sclerotherapy       
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   Complications 
 Minor complications of UGS include hyperpigmentation, 
superfi cial phlebitis, pain, swelling, and allergic reaction. 
Transient visual disturbances and headache have also been 
reported. Major complications include DVT, pulmonary 
embolus, and intra-arterial injection. Paradoxical embolism 
and stroke after UGS have been reported in patients with a 
patent foramen ovale (PFO). Due to the very low prevalence 
of PFO, it is not considered cost effective to perform an 
echocardiogram on every patient scheduled for UGS.    

    Conclusion 

 As awareness of venous disease increases among the general 
public and healthcare practitioners, more people will seek 
treatment for their varicose veins and superfi cial venous 
refl ux. Achieving successful outcomes in these patients 
requires knowledge of the underlying pathophysiology, tech-
nical skill in performing endovenous procedures, and sound 
judgment to avoid pitfalls and complications. A stepwise 
approach to the patient with varicose veins and superfi cial 
venous refl ux begins with a thorough physical exam and 
accurate ultrasound interpretation to determine the optimal 
treatment regimen. With this mindset, both the surgeon and 
patient will be satisfi ed and benefi t from these minimally 
invasive techniques.     
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           History and Introduction 

       Despite heightened public awareness and advances in 
 chemoprophylaxis, venous thromboembolism (VTE) 
remains a signifi cant source of morbidity and mortality. 
Defi ned as any clot within the deep or pulmonary veins, 
VTE affects 1 per 1,000 people in the United States result-
ing in 600,000 cases of clinically signifi cant pulmonary 
embolism (PE) and approximately 200,000 deaths [ 1 ]. 
Anticoagulation is the standard treatment for VTE with 
proven safety and effi cacy. Patients with a contraindication 
to anticoagulation usually require temporary or permanent 
caval interruption with an inferior vena cava (IVC) fi lter. 
IVC fi lter placement in the United States has grown expo-
nentially over the past three decades, from approximately 
2,000 device deployments in 1979 to 167,000 fi lters placed 
in 2007 [ 2 – 4 ]. The widespread use of IVC fi lters means that 
all clinicians will regularly encounter patients who either 
already have a fi lter or have a potential indication for IVC 
fi lter placement. Making rational treatment decisions for 
this growing patient population requires an evidence-based 
analysis of the benefi ts and potential risks involved in IVC 
fi lter deployment and maintenance. 

 The concept of caval interruption began in the eighteenth 
century when physicians realized that lower extremity deep 
vein thrombosis (DVT) could fragment and travel through the 
IVC into the lungs. In 1784, John Hunter ligated the femoral 
veins in an attempt to mechanically prevent venous thrombo-
embolism. Morbidity from lower extremity venous stasis 
prompted efforts to ligate the infrarenal IVC, suggested by 
Trouseeau in 1868, and performed by Bottini in 1893 [ 5 ]. 

This procedure offered little improvement in patient outcomes 
with mortality rates as high as 39 % and a signifi cant morbid-
ity including lower extremity edema, disabling venous claudi-
cation, ulceration, and varicose veins [ 6 ,  7 ]. 

 Techniques aimed at trapping large venous thromboem-
boli while maintaining the patency of the IVC started to 
appear in the 1960s. These early attempts at preventing a PE 
involved externally plicating the IVC with sutures, staples, 
or external clips all of which required general anesthesia and 
a laparotomy for placement. These procedures proved no 
better than caval ligation as they usually resulted in thrombo-
sis of the IVC with high rates of associated morbidity and 
mortality [ 8 – 10 ]. 

 The earliest precursor to the modern IVC fi lter was the 
Mobin-Uddin device which consisted of a silicone mem-
brane with perforations to allow blood fl ow (Fig.  13.1 ). 
Instead of requiring a laparotomy for placement, the Mobin- 
Uddin fi lter could be placed transvenously without altering 
the anatomy of the IVC. Although it proved to be effective 
in preventing recurrent PE (3 % incidence), the Mobin-
Uddin fi lter was subsequently removed from the market due 
to a high incidence of IVC thrombosis (>50 %) and device 
migration [ 12 ,  13 ].

   The modern era of IVC fi lters began in 1973 with the 
introduction of the transvenous Greenfi eld fi lter (Boston 
Scientifi c/Meditech, Natick, MA), a stainless steel umbrella 
made of six legs radiating from the apex. The Greenfi eld fi l-
ter was the earliest device to effectively trap venous emboli 
while maintaining caval patency. Its funnel-shaped design 
forces trapped thrombi into the center while preserving cir-
cumferential blood fl ow which allows the Greenfi eld fi lter to 
minimize the risk of IVC thrombosis. Twenty years of long- 
term follow-up demonstrated a 4 % rate of recurrent PE and 
a fi lter patency rate of 98 % [ 14 ,  15 ]. The durability and 
safety of the Greenfi eld continue to be the standard bench-
marks for modern IVC fi lters. 

 Early versions of the Greenfi eld fi lter used large intro-
ducer sheaths for placement and usually required a surgical 
venous cutdown. This part of the procedure increased the 
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morbidity and introduced the risk of DVT at the surgical 
insertion site. Advances in technology then allowed for per-
cutaneous insertion using smaller introducer sheaths. The 
Greenfi eld fi lter was fi rst placed percutaneously in 1984 
marking the advent of a new generation of devices with 
improved ease of deployment, fl exibility, clot-trapping effec-
tiveness, and, in recent years, retrievability [ 16 ].  

    Indications 

 While therapeutic anticoagulation remains the fi rst-line treat-
ment for DVT and PE, patients with proximal DVT who have 
a contraindication to or proven failure of anticoagulation 
require an IVC fi lter [ 17 ,  18 ]. For this group of patients, IVC 
fi lter placement provides an effective method of PE prophy-
laxis that is well supported by level 1 evidence and recent 
consensus guidelines [ 18 ]. Appropriate patient selection that 
strictly adheres to well-defi ned insertion criteria will ensure 
that IVC fi lters are used responsibly with a favorable risk- 
benefi t ratio [ 19 – 21 ] (Tables  13.1 ,  13.2 ,  13.3 ,  13.4 , and  13.5 ).

       The ease of use and retrievability of modern IVC fi lters 
have blurred the indications for treatment and lowered the 
threshold for IVC fi lter insertion. In response to the dramatic 
rise in the use of IVC fi lters, the American College of Chest 
Physicians (AACP) and the Society of Interventional 
Radiology (SIR) published indication guidelines specifi c to 
retrievable IVC fi lters [ 20 ,  21 ]. These retrievable fi lters can 
be removed when the risk of VTE is reduced and/or 
anticoagulation therapy is no longer contraindicated. 

  Fig. 13.1    ( a ) Top view of the 28 mm diameter Mobin-Uddin fi lter, scaled in centimeters ( b ) top view of the 20 mm diameter Mobin-Uddin fi lter 
( c ) Side view of the 20 mm diameter Mobin-Uddin fi lter (Reprinted with permission from Elsevier Harlal et al. [ 11 ])       

   Table 13.1    Absolute indications for inferior vena cava fi lters   

•  Contraindication to anticoagulation with documented PE, IVC, 
iliofemoral, femoral, or popliteal DVT 

•  Recurrent PE on therapeutic anticoagulation 
•  Hemorrhage on anticoagulation for PE/DVT 

    Table 13.2    Relative indications for inferior vena cava fi lters   

•  Free-fl oating IVC/iliac thrombus 
•  Septic pulmonary embolism 
•  Extension of DVT despite adequate anticoagulation 
•  High risk for complications from anticoagulation for DVT/PE: 

syncope, unsteady gait, poor compliance 
•  Massive PE with residual DVT with limited reserve for further 

insult (pulmonary hypertension or cor pulmonale) 
•  Occlusion of >50 % of the pulmonary vascular bed without reserve 
•  Recurrent PE with IVC fi lter 
•  DVT with severe cardiopulmonary disease and limited reserve 

for further insult 
•  Recent DVT undergoing major surgery 
•  Pregnancy with proximal DVT 
•  During DVT thrombolysis 

    Table 13.3    Expanded indications for retrievable cava fi lters   

•  Prophylaxis 
 ⚬  Need for major surgery with acute DVT (<6 months) 
 ⚬   Need for major surgery with signifi cant thromboembolism risk 

(hypercoagulable state, history of DVT/PE, venous 
reconstructions) 

 ⚬  Documented VTE in cancer patient, burn patient, or pregnancy 
 ⚬   Prophylaxis for VTE in “high-risk” surgical, medical, 

and trauma patients 
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 Debate continues on expanding the use of IVC fi lters to a 
wider population of patients outside the absolute indications 
described above (Tables  13.2  and  13.3 ). Clinicians in favor 
of placing IVC fi lters for relative and prophylactic indica-
tions cite the fatal consequences of a potentially preventable 
PE and the low morbidity of fi lter placement. Despite its 
intuitive appeal, the argument for lowering the threshold for 
IVC fi lter placement relies on nonrandomized data and 
observational studies. Ingber et al. reviewed the current clini-
cal evidence and concluded that the only inarguable indica-
tion for IVC fi lter use is in patients with proximal DVT and 
a contraindication to anticoagulation [ 22 ]. In this specifi c 
context, a retrievable IVC fi lter should be placed and then 
removed as soon as therapeutic anticoagulation is reestab-
lished. According to Ingebar et al., major complication rates 
for IVC fi lters equaled or exceeded the incidence of PE in 
patients without an IVC fi lter. Objective clinical evidence 
therefore does not support the liberal use of IVC fi lters for 
relative or prophylactic indications. 

 Absolute contraindications for IVC fi lter placement 
involve clinical conditions which preclude safe deployment 
of the device at its intended position. Examples of absolute 
contraindications include chronic IVC occlusion, IVC anom-
alies, inability to access the IVC, and IVC compression. 
Relative contraindications include a variety of clinical situa-
tions which increase the risk for IVC fi lter-associated mor-
bidity. A large diameter IVC which approaches or exceeds 
the maximum diameter of the fi lter constitutes a relative con-
traindication because of the risk of device migration or dis-
lodgement. IVC fi lters should also not be used in patients for 
whom placement of the fi lter is unlikely to improve their 
clinical course. A noteworthy example of this contraindica-
tion is the placement of a fi lter in the superior vena cava 
(SVC). The rationale for placing a fi lter in the SVC is to 
prevent PE in a patient with upper extremity DVT and a con-
traindication to anticoagulation. Not only does SVC fi lter 
placement have an unacceptably high periprocedural mor-
bidity rate, patients who receive SVC fi lters also have limited 
survival due to the severity of their underlying disease [ 23 ]. 

Although IVC fi lters have been used in the SVC, no 
 commercially available fi lter is specifi cally designed for this 
location [ 24 ]. Reported complications of IVC fi lters placed 
in the SVC include SVC perforation, cardiac tamponade, 
SVC thrombosis, and pneumothorax [ 25 ].  

    Evidence of Effi cacy 

 Despite the exponential rise in IVC fi lter use for an expand-
ing list of indications, data on device effi cacy remain limited 
[ 4 ]. Even the core principle and absolute indication for IVC 
placement has not been critically evaluated. To date, no ran-
domized trial or prospective observational study has been 
performed to evaluate IVC fi lters as PE prophylaxis in 
patients with DVT who cannot receive anticoagulation. 

 The best available data come from a single, large, ran-
domized controlled European trial examining the use of anti-
coagulation with or without IVC fi lters as the initial treatment 
of DVT. The PREPIC (Prevention du Risque d’Embolie 
Pulmonaire par Interruption Cave) study has been infl uential 
in shaping the current recommendations for IVC fi lter use. 
PREPIC randomized patients with a DVT to receive perma-
nent IVC fi lters and anticoagulation vs. anticoagulation 
alone for at least 3 months. Patients were discharged on oral 
anticoagulation if not contraindicated. Pulmonary angio-
grams performed on day 12 showed a new PE in only 1.1 % 
of fi ltered patients compared to 4.8 % of anticoagulated 
patients who did not have a fi lter ( P  = 0.03). This difference 
in PE rate did not translate into a decrease in mortality as 
survival curves were identical for the two groups of patients. 
Although 2-year data showed no difference in the incidences 
of symptomatic PE, major bleeding, and overall mortality 
between the two treatment arms, PE-related death was 10 
times higher (0.6 vs. 6.3 %) in the unfi ltered group. Patients 
who received an IVC fi lter had an increased rate of recurrent 
DVT (21 %) compared to patients in the no IVC fi lter group 
(11.6 %,  P     = 0.02) [ 26 ]. Of the patients with recurrent DVT 
in the IVC fi lter group, 16 patients (9 %) had symptomatic 
IVC thrombosis. 

 At 8 years follow-up, less than 50 % of patients in the 
PREPIC study had received anticoagulation for more than 1 
year. There were lower rates of symptomatic PE in the IVC 
fi lter group compared to the no fi lter group (6.2 % vs. 15.1 %, 
 P  = 0.008), and a lower rate of fatal PE with a fi lter ( P  = 0.014). 
Despite these differences in PE incidence, mortality was the 
same for both groups, and a fi lter was not protective rela-
tively to long-term survival according to multivariate analy-
sis. The long-term clinical cost of an IVC fi lter was a higher 
incidence of symptomatic DVT (35.7 % vs. 27.5 %, 
 P  = 0.042). Overall IVC fi lter placement with anticoagula-
tion reduced the risk of PE, but increased the risk of DVT 

   Table 13.4    Absolute contraindications for IVC fi lter insertion   

•  Thrombosis of the IVC without PE 
•  Complete thrombosis of access vessels (venous obstruction) 

   Table 13.5    Relative contraindications 
for IVC fi lter insertion   

•  Uncorrectable severe coagulopathy 
•  Bacteremia/untreated infection 
•  Pediatric population 
•  Congenital IVC abnormalities 
•  Upper extremity DVT 
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without improving long-term survival. The authors con-
cluded that IVC fi lter placement should be reserved for 
patients at high risk of recurrent PE [ 27 ]. 

 Although PREPIC stands alone as the only randomized, 
prospective study on IVC fi lters, it had several limitations. 
The study included different types of permanent fi lters and 
randomly assigned patients to anticoagulation with unfrac-
tionated or low-molecular weight heparin. Long-term anti-
coagulation was not standardized in terms of drug, dosage, 
or duration of therapy. Statistical adjustments for multiple 
comparisons were not performed making the PREPIC data 
underpowered for subgroup analyses. Although it failed to 
show long-term survival benefi t for IVC fi lters, PREPIC 
did show that IVC fi lters signifi cantly decrease PE. These 
data provide the best evidence supporting the comparative 
effi cacy of  fi lters while providing an objective analysis of 
fi lter complications. Smaller studies have corroborated IVC 
fi lter effi cacy for PE prophylaxis, as another review also 
reported a 1.3 % incidence of symptomatic PE after IVC 
fi lter placement [ 28 ].  

    Prophylactic Indications in Specifi c Patient 
Populations Without Documented DVT 

 Prophylactic indications for IVC fi lter placement apply to 
patients who pose a high risk for VTE and cannot receive 
standard DVT chemoprophylaxis or anticoagulation. 
Preemptively placing an IVC fi lter is an attempt to reduce 
the PE risk among patients who have no other form of pro-
tection from VTE. In theory, a prophylactically placed 
retrievable IVC fi lter could be removed when the patient’s 
VTE risk decreased or when the patient could safely 
receive chemoprophylaxis for DVT. The practice of pro-
phylactic IVC fi lter placement has gained popularity for 
several patient populations with varying amounts of sup-
porting evidence. 

    Trauma Patients 

 VTE is the third most common cause of death in multiple- 
injury trauma patients who survive for at least 24 h [ 29 ]. Risk 
factors for VTE in the trauma population include advanced 
age, severity of injury, head injury, spinal cord injury, pelvic 
and long-bone fractures, multiple blood transfusions, and 
prolonged immobility [ 30 – 32 ]. Shackford et al. reported a 
7 % incidence of VTE in multi-trauma patients despite 
thromboprophylaxis compared to a VTE rate of 58 % in 
comparable trauma patients without prophylactic anticoagu-
lation. Geerts et al. confi rmed these high rates of VTE in a 
similar study [ 30 ,  33 ]. These studies provide solid evidence 
supporting the recommendation that all trauma patients 

receive some form of thromboprophylaxis, preferably 
 anticoagulation [ 34 ]. 

 Many patients with traumatic injuries cannot receive 
 adequate thromboprophylaxis because of the risk of bleeding. 
Prophylactic placement of a retrievable IVC fi lter offers an 
alternative method of reducing PE risk for this subgroup of 
trauma patients [ 35 – 37 ]. Clinical studies examining the effec-
tiveness of prophylactic IVC fi lters have reported mixed 
results. In one study, 244 IVC fi lter placements were analyzed 
in a group of 4,936 trauma patients. Approximately 93 % of 
retrievable fi lters were placed for prophylactic indications, 
while only 59 % were eventually retrieved. Two fractures, 
two migrations, and one fi lter tilt were documented. The PE 
rate was 1.6 % in patients who had IVC fi lters placed; how-
ever, the 0.4 % overall rate of clinically signifi cant PE was not 
signifi cantly different from the historical rate of 0.7 % 
( P  = NS) [ 38 ]. Additional studies failed to detect a signifi cant 
decrease in the incidence of clinical PE in trauma patients 
treated with temporary IVC fi ltration [ 39 – 41 ]. 

 Some guidelines for the treatment of trauma patients cite 
levels II and III data which suggest a possible benefi t of pro-
phylactic IVC fi lter placement in appropriately selected 
patients at high risk for VTE [ 42 – 44 ]. Rodriguez et al. stud-
ied a cohort of critically injured patients who received IVC 
fi lters and found that PE occurred in 3 % of those with IVC 
fi lters vs. 18 % in historical controls [ 45 ]. Carlin et al. com-
pared trauma patients receiving therapeutic IVC fi lters for 
documented PE to those receiving prophylactic IVC fi lters. 
Mortality rates were 11 % in the PE group vs. 3 % in the 
prophylaxis group [ 44 ]. Both of these studies compared dis-
similar patient populations which undermines the strength of 
their conclusions. Instead of relying on these fl awed studies, 
clinicians who treat trauma patients should use more sound 
clinical evidence in deciding on the use of IVC fi lters. As 
previously discussed, current evidence argues against pro-
phylactic IVC fi lter placement. 

 The cost of the procedure and device along with the poten-
tial morbidity of IVC fi lter placement also contribute to the 
controversy regarding prophylactic fi lter use. Cost analysis 
and modeling in high-risk trauma patients demonstrated that 
the minimal effectiveness of prophylactic IVC fi lters had an 
estimated cost exceeding $380,000 per gained quality of life 
year. In terms of both in the initial hospitalization and long-
term projection, prophylactically placing an IVC fi lter for the 
prevention of PE is not a cost-effective intervention [ 46 ]. 

 Although there is no level 1 evidence showing that pro-
phylactic IVC fi lters in trauma patients is superior to other 
VTE prevention measures, adherence to VTE prophylaxis 
has a wide regional variation possibly due to confl icting 
guidelines from different consensus panels (the Eastern 
Association of Trauma (EAST) vs. the American College 
of Chest Physicians (ACCP)) [ 18 ,  47 ]. Some institutions 
place more than 90 % of trauma fi lters for prophylactic 
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indications [ 4 ], while retrieval rates rarely exceed 50 %. 
Over time, the cost of prophylactic IVC fi lter placement 
along with its potential morbidity should temper the exces-
sive enthusiasm for IVC fi lter placement in trauma patients 
especially if high- quality, supporting evidence fails to 
materialize [ 4 ]. The authors believe that IVC fi lters are pri-
marily indicated in trauma patients who fall under the abso-
lute indication for fi lter use (a proven DVT/PE with a 
contraindication to therapeutic anticoagulation). Based on 
limited evidence and in agreement with Geerts et al., pro-
phylactic IVC fi lter placement should be reserved for 
trauma patients with high predictive risk factors for VTE 
who cannot receive pharmacologic thromboprophylaxis for 
more than 4 days [ 48 ]. In the absence of convincing evi-
dence, the use of IVC fi lters in trauma patients will con-
tinue to generate debate, and the ultimate clinical decision 
remains individualized.  

    Major Orthopedic Surgery 

 Major orthopedic surgery poses a high risk for developing 
VTE. Fortunately, routine perioperative thromboprophy-
laxis has signifi cantly decreased the incidence of DVT/
PE. Although several studies suggest that retrievable fi lters 
enhance protection against PE in selected orthopedic 
patients during the period of highest risk, the lack of level 1 
evidence from randomized studies should continue to limit 
IVC fi lter use in this patient population [ 49 ,  50 ].  

    Cancer 

 Cancer increases the risk for VTE, and IVC fi lters have a 
well-defi ned role in the treatment of VTE in patients with 
malignancy [ 51 ]. In contrast, limited evidence supports the 
prophylactic use of IVC fi lters in cancer patients who do not 
have a documented proximal DVT or PE. Increased rates of 
venous thrombotic events (e.g., PE, recurrent DVT, and vena 
caval thrombosis) have been reported in cancer patients with 
IVC fi lters [ 52 – 54 ]. Although these complications are not 
usually fatal, they can signifi cantly diminish comfort and 
quality of life. Therefore, except in carefully selected 
patients, prophylactic IVC fi lter use is generally not indi-
cated in cancer patients. Therapeutic treatment with low- 
molecular weight heparin is the fi rst-line treatment for cancer 
patients with DVT/PE. If recurrent DVT/PE occurs despite 
therapeutic anticoagulation in patients with malignancy, the 
intensity of anticoagulation is often adjusted instead of auto-
matically proceeding to IVC fi lter placement [ 55 ]. Permanent 
rather than retrievable IVC fi lters should be used in appropri-
ately selected cancer patients as the increased risk for PE is 
likely to be lifelong [ 56 ].  

    Major General Surgery 

 In patients undergoing major general surgery, the type and 
duration of surgery and the patient’s medical risk factors 
infl uence the risk of VTE. Numerous randomized clinical tri-
als recommend routine pharmacologic thromboprophylaxis 
for patients after major surgical procedures [ 18 ,  34 ]. 
Preoperative, prophylactic anticoagulation is also safe and 
effective and may benefi t patients at high risk for VTE [ 57 ]. 
The optimal duration of thromboprophylaxis following 
major surgery remains unclear. Shorter hospital stays raise 
concerns about prematurely terminating thromboprophy-
laxis during the postoperative period at highest risk for 
VTE. Although prophylactic IVC fi lters could extend PE 
protection during the postoperative period following dis-
charge home, no solid evidence supporting IVC fi lter use in 
this setting exists. Therefore, IVC fi lter use in patients fol-
lowing major general surgery should be limited to the stan-
dard indications that apply to the general population.  

    Pregnancy 

 Pregnancy increases the risk of VTE and anticoagulation 
with low-molecular weight heparin is the fi rst-line therapy 
for DVT during pregnancy [ 58 ]. Indications for IVC fi lters 
during pregnancy do not differ from standard guidelines and 
apply specifi cally to pregnant patients with a proximal DVT 
and a contraindication to anticoagulation. There is no evi-
dence to support prophylactic IVC fi lter placement in preg-
nant patients based on high-risk status alone. Compression 
of the infrarenal IVC by the gravid uterus mandates suprare-
nal positioning of the IVC fi lter via transjugular access. 
In most cases, a permanent fi lter is required as the diameter 
of the suprarenal cava generally exceeds 28 mm which is the 
approved size for all retrievable fi lters. Results from small 
case series suggest that IVC fi lters provide safe and effective 
PE protection for pregnant women with VTE [ 59 ,  60 ].  

    Bariatric Surgery 

 Obesity is a strong risk factor for VTE, with an adjusted 
 relative risk of 2.9 in a recent study. Hamad et al. identifi ed 
BMI greater than 60, truncal obesity, and hypoventilation 
syndrome in bariatric surgery patients as risk factors for VTE 
[ 61 ,  62 ]. In addition, appropriate dosing of both therapeutic 
and prophylactic anticoagulation is diffi cult in obese patients 
due to their metabolic variability. Despite using standardized 
heparin protocols or two thromboprophylactic measures 
simultaneously, the rate of PE is still 1–3 % in bariatric surgi-
cal patients and increases to as high as 17 % in super obese 
patients (BMI >55 kg/m 2 ) [ 63 – 65 ]. 
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 Due to the diffi culties and challenges of prophylactic 
 anticoagulation in this high-risk, morbidly obese population, 
IVC fi lter placement for PE prophylaxis has become increas-
ingly common despite an absence of supporting level 1 evi-
dence [ 66 – 69 ]. According to a 2010 study by Birkmeyer 
et al., IVC fi lters not only failed to protect bariatric surgery 
patients from PE, placement of an IVC fi lter also proved to 
be a major source of morbidity and mortality in this popula-
tion. No subgroup of patients benefi ted from IVC fi lter 
placement, and more importantly, half of the complications 
resulting in death or disability among IVC fi lter patients 
were related to the device itself. This study, based on a 
Michigan statewide registry, was the fi rst to demonstrate that 
IVC fi lter use may not be as benefi cial as previous data from 
single centers had suggested [ 66 ]. This large prospective 
cohort study supports the current consensus opinion that pro-
phylactic fi lters are not benefi cial in the morbidly obese 
patients undergoing bariatric surgery.   

    Technical Details of Filter Placement 

 IVC fi lters are placed most often with the aid of fl uoroscopy. 
Many patients, especially in the trauma population, have a 
recent CT scan of the abdomen and pelvis available for pre-
procedural review of renal vein landmarks and anomalies. 
Contrast    venography performed as part of the procedure pro-
vides visualization of anatomic landmarks and accurate, 
real-time positioning of the IVC fi lter. Venous access usually 
involves a femoral or internal jugular approach using a vein 
uninvolved with clot. Previous studies suggest an increased 

risk of subsequent femoral vein thrombosis related to femo-
ral vein access, particularly in patients receiving prophylac-
tic fi lters [ 70 ,  71 ]. The use of an ultrasound guidance to 
evaluate for clot, rule out abnormal anatomy, and assist in 
venous cannulation can minimize access-related complica-
tions. A micropuncture kit is typically used to cannulate the 
vein. If there is any suspicion for clot between the puncture 
site and the infrarenal cava, a venogram should be obtained 
before proceeding any further to decrease the risk of emboli-
zing clot. Once patency has been confi rmed, the micropunc-
ture catheter is exchanged over a wire for a larger sheath, and 
a long starter wire is advanced into the IVC under fl uoros-
copy (Fig.  13.2a ). For a femoral approach, a catheter is posi-
tioned near the L4 level under fl uoroscopy. An inferior 
cavagram is obtained with the patient in Valsalva to maxi-
mize visualization of the renal veins and to obtain an accu-
rate diameter measurement of the IVC at this level 
(Fig.  13.2b ). In some cases, an adequate    venocavogram 
requires a power injection of contrast (20 cc/s rate; 40 cc 
total volume). A marker wire or catheter should be used as a 
reference to measure caval diameter immediately below the 
renal veins. Caval diameter smaller than 18 mm [ 72 ] should 
preclude fi lter placement unless the SafeFlo IVC fi lter 
designed for smaller vena cavas is used (16–19 mm). In this 
clinical scenario, the indications for fi lter placement should 
be compelling, if not lifesaving, as the radial force of the 
fi lter in a small cava can lead to perforation of the struts. 
Caval diameter >28 mm precludes the use of most standard 
retrievable fi lters and mandates the use of the permanent 
Bird’s Nest fi lter (Cook Medical, Bloomington, IN) if fi lter 
placement is essential.

  Fig. 13.2    Sequential fl uoroscopic images taken during various steps of 
IVC fi lter placement. ( a ) A micropuncture wire is advanced though the 
right common femoral vein; ( b ) inferior venacavogram showing the 
renal veins; ( c ) the delivery sheath is advanced over the wire; ( d ) the 

fi lter is advanced through the delivery sheath; ( e ) the sheath is with-
drawn to expose and release the fi lter; ( f ) completion venacavogram 
showing the deployed IVC fi lter       
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   Renal vein anomalies, IVC transposition, IVC duplication, 
and IVC agenesis are anatomic variants important to identify 
before IVC fi lter placement. Empiric placement of IVC fi lters 
by bony landmarks alone should be discouraged due to the rela-
tively high prevalence of venous anomalies. Contrast venogra-
phy performed during fi lter placement provides a roadmap of 
venous anatomy and helps identify the renal veins to guide 
placement of the device. The IVC fi lter is inserted into the 
sheath and positioned with the superior tip of its cone between 
the renal veins. Under direct fl uoroscopic guidance, the sheath 
is slowly withdrawn to release and deploy the IVC fi lter 
(Fig.  13.2c, d ). A completion venogram is performed to ensure 
proper placement, confi rm IVC patency, and evaluate for sig-
nifi cant fi lter tilt (Fig.  13.2f ). The clinical scenarios which war-
rant suprarenal fi lter placement are listed in Table  13.6 . As 
previously discussed, the larger diameter of the suprarenal cava 
usually precludes the use of standard retrievable IVC fi lters.

      Troubleshooting 

 Occasionally, the nonselective venocavogram fails to demon-
strate the location of the renal veins. In these cases,  selective 
cannulation of the renal veins with a curved catheter (Cobra 

C-2, Terumo Medical Corporation, Somerset, NJ) can 
 determine the level of each renal vein and guide fi lter place-
ment. If venous anomalies are suspected, selective venogra-
phy provides more detailed anatomic information which 
changes the intended location of IVC fi lter placement in a 
signifi cant number of patients compared to nonselective 
venography [ 73 ]. In the authors’ opinion, the increased cost, 
time, contrast, and radiation loads to the patient do not justify 
selective renal vein cannulation in routine cases. 

 Filter tilt is common with the traditional triangular, cone- 
shaped fi lters especially when deployed from femoral vein 
access. Internal jugular vein access involves less torque on the 
fi lter resulting in a lower tendency to tilt. Retrievable fi lters 
placed through the internal jugular vein can also be easily 
retrieved and redeployed if fi lter tilt is severe. If a fi lter is tilted 
after deployment through the femoral vein, it can be gently 
manipulated with a J-wire or pigtail catheter to reposition the 
fi lter. Attempted manipulation of the fi lter should be done with 
caution to avoid dragging the fi lter inferiorly or causing the 
cone to tilt into one of the renal veins. If this does occur, the 
interventionalist should establish access through the internal 
jugular vein in order to retrieve and reposition the fi lter. 

 Rarely, the fi lter fails to completely deploy because the 
struts stick together and do not expand to fi ll the lumen of the 
IVC (Fig.  13.3 ). This technical problem can be corrected 
with gentle manipulation using a pigtail catheter, being care-
ful not to embolize the fi lter as it is not yet anchored to 
the caval wall [ 74 ]. IVC diameter varies depending on the 
patient’s volume status. All currently available fi lters can 
be safely deployed in cavas up to 30 mm in diameter, depend-
ing on the specifi cs of each manufacturer’s indications for use. 
An excessively large diameter IVC or so-called megacava 

    Table 13.6    Indications for suprarenal IVC fi lter placement   

 • Thrombus in IVC 
 • Malpositioned infrarenal fi lter 
 • Duplicate IVC 
 • Gonadal vein thrombosis 
 • Pregnancy 

  Fig. 13.3    ( a ) Filter is deployed and fails to fully expand ( arrow ). ( b ) After gentle manipulation with a pigtail catheter, the struts expand       
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may require a Bird’s Nest fi lter which has been approved for 
the use in caval diameters of up to 40 mm. Alternatively, 
standard diameter fi lters can be placed in both the common 
iliac vein to provide PE protection [ 75 ].

       Bedside Filter Placement Using 
Transabdominal or Intravascular 
Ultrasound 

 In patients who are too unstable to transfer to the operating 
room or interventional suite, ultrasound-guided IVC fi lter 
placement is safe and cost-effective [ 76 ]. Although large 
body habitus, recent abdominal surgery, and excessive bowel 
gas make adequate sonographic visualization less predict-
able, a single-center study reported a 97.7 % technical suc-
cess rate for IVC fi lter placement with transabdominal 
ultrasound. If transabdominal ultrasound was not adequate, 
intravascular ultrasound was used to place the fi lter with a 
technical success rate of 96.2 % [ 77 – 79 ].   

    Filter Selection 

 No randomized controlled trials between different IVC fi lter 
models have been performed, and comparative observational 
studies failed to show superiority of one fi lter over another. 
The interventionalist placing the fi lter should consider the 
features unique to each type of fi lter as well as the specifi c 
clinical scenario in deciding which type of fi lter to use. IVC 
fi lters are designed in the following categories:
•     Permanent fi lters : Provides permanent, lifelong caval fi l-

tration. The design of these fi lters maximizes secure fi xa-
tion to the IVC wall.  

•    Convertible fi lters : Provides permanent, lifelong caval fi l-
tration if needed. The fi lter structure maximizes secure 
fi xation. The fi ltration portion of the device can be 
removed if no longer necessary, leaving the circumferen-
tial structure of the fi lter in place as an open IVC stent. 
These fi lters are currently in clinical trials.  

•    Retrievable fi lters : Provides caval fi ltration with the option 
of retrieval if the fi lter is no longer needed. Filters anchor 
to the caval wall with hooks and radial force, but can be 
retrieved within a specifi c time interval; fi lters not retrieved 
within this interval can function as permanent fi lters.     

    FDA-Approved Permanent 
and Retrievable Filters 

 The stainless steel conical Greenfi eld fi lter was introduced in 
1973 and has been extensively evaluated. The Greenfi eld fi lter 
spans a diameter of 30 mm and traps 3 mm or larger emboli 

[ 2 ,  14 ,  15 ,  80 ]. Initially, there was a high rate of venous access 
site thrombosis (up to 41 %), due to the 24 Fr delivery system 
[ 81 ]. In 1989, Greenfi eld fi lters were constructed out of tita-
nium alloy (nonthrombogenic, nonferromagnetic, resistant to 
fatigue and corrosion) and delivered via a 12 Fr sheath. 
Subsequent modifi cations have minimized technical compli-
cations including tilt (<5 %), migration (1 %), recurrent PE 
(2 %), and access site thrombosis (4 %). Caval patency after 
Greenfi eld fi lter placement is approximately 98 % [ 15 ]. 

 The Bird’s Nest fi lter was introduced in 1982. This perma-
nent fi lter is delivered by a 12 Fr system. At deployment, two 
struts are released to attach to the caval wall, and four wires 
extend in a random “Bird’s Nest” confi guration. The unique 
feature of the Bird’s Nest fi lter is the struts which span a diam-
eter of up to 60 mm allowing the fi lter to accommodate large 
caliber cavas. Unlike other fi lters, the Bird’s Nest fi lters rarely 
perforate the IVC because the devices do not have radially 
oriented struts [ 82 ]. The tighter confi guration of the Bird’s 
Nest fi lter traps smaller emboli resulting in a low recurrent PE 
rate of 1–7 %. The downside of the Bird’s Nest geometry is a 
higher rate vena caval thrombosis (3–19 %) [ 2 ,  83 ,  84 ]. 

 The Vena Tech LGM (B Braun, Bethlehem, PA) perma-
nent IVC fi lter is made from biocompatible and nonfer-
romagnetic Phynox (cobalt, chromium, iron, nickel, 
molybdenum). It maintains a conical shape with a central 
apex and six radiating struts containing fl at side rails with 
hooks. The Vena Tech LGM accommodates caval diameters 
as large as 28 mm and is deployed through a 10 Fr delivery 
from either a jugular or femoral approach. The Vena Tech 
Low-Profi le (LP) (B Braun, Bethlehem, PA) IVC fi lter is 
similar to the LGM but uses a 7 Fr delivery system. An expe-
rience with both Vena Tech LGM and LP IVC fi lters has 
exposed technical problems and complications including 
incomplete opening of the fi lter, recurrent PE rates as high as 
6 %, and access site thrombosis rates as high as 23 % [ 85 ]. 
Caval patency rates for Vena Tech LGM fi lters are 92 % at 
2 years, but only 67 % at 9 years [ 86 ]. 

 The Simon nitinol (Bard Peripheral Vascular Inc., Tempe, 
AZ) permanent IVC fi lter was approved in 1990 and is made 
from nonferromagnetic nitinol. The bi-level conical confi gu-
ration includes a superior cone with eight overlapping loops 
in radial array from the apex, while the inferior cone has six 
limbs in radial array from its apex, each with a hook to 
engage the caval wall. The bi-level confi guration allows 
entrapment of large emboli in the inferior limbs and of small 
emboli in the superior dome [ 87 ,  88 ]. It can accommodate 
caval diameters as large as 28 mm. Long-term studies report 
recurrent PE rate of 4 % and vena caval thrombosis of 4 %. 
The 7 Fr delivery system is appropriate for femoral, jugular, 
and antecubital approaches with a reported 4 % rate of access 
site thrombosis [ 89 ]. 

 The TrapEase (Cordis, Miami, FL) permanent IVC fi lter 
was introduced in 2000. Its unique symmetric trapezoidal 
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double-basket designs connects a cephalic conical basket to 
its mirror image pointing caudally through six side struts, 
each with hooks providing fi lter attachment to the caval wall. 
A 6 Fr delivery system deploys this 50 mm long and 35 mm 
wide IVC fi lter through antecubital, jugular, and femoral 
approaches. The OptEase (Cordis, Miami, FL) IVC fi lter is 
similar to the TrapEase design with the addition of a hook 
placed on the caudal apex and unidirectional anchoring barbs 
to allow retrievability. Based on initial safety and effi cacy 
data on retrievals, the FDA approved OptEase IVC fi lter 
retrieval up to 14 days after placement [ 90 ]. 

 TrapEase and OptEase have high technical success rates 
with limited fi lter migration, insertion site thrombosis, and 
fi lter fracture rates. In a large single-center experience, symp-
toms of PE developed in 8 % of patients with TrapEase fi lters, 
but only 0.1 % developed into fatal PEs. The double- basket 
fi lter design has generated concern that TrapEase and OptEase 
fi lters have a higher risk of vena cava occlusion. In animal 
models, trapped emboli in the TrapEase fi lter slow blood fl ow 
between the inferior basket of the fi lter and the caval wall. 
This stagnant blood fl ow promotes further thrombosis. 
Schutzer et al. reported symptomatic vena caval thrombosis 
of 1.5 %, and Corriere et al. reported TrapEase fi lters had an 
increased risk for vena caval thrombosis compared to other 
fi lter designs [ 91 ,  92 ]. In a large study, venography before 
retrieval confi rmed intrafi lter thrombus in 22 % of TrapEase 
fi lters; however, the study failed to make a clear distinction 
between captured emboli and thrombus formation [ 93 ]. 

 The Recovery G-2 (Bard Peripheral Vascular Inc., Tempe, 
AZ) permanent IVC fi lter was modifi ed from the original 
Recovery nitinol IVC fi lter. Approved in 2006, the 41 mm 
length fi lter is conical in design with six radiating stabilizing 
arms and six separate radiating fi xation legs with hooks for 
anchoring. In 2008, the Recovery G-2 IVC fi lter and G-2 
Express fi lter incorporated a hook at the apex of the conical 
fi lter to allow for retrievability. These fi lters are delivered 
through a 7 Fr low-profi le system and can accommodate caval 
diameters up to 28 mm. Early reports cite PE rates of 2.8 % 
and no cases of caval thrombosis [ 94 ]. The EVEREST trial 
recorded a 95 % successful retrieval rate of Recovery G-2 fi l-
ters with a mean indwelling time of 140 days and a maximum 
of 300 days [ 95 ]. In 2010, the FDA approved the Eclipse, an 
electropolished fi nish version of the G-2 Recovery IVC fi lter 
(Bard Peripheral Vascular Inc., Tempe, AZ). The electropolish 
creates an ultrasmooth fi nish to prevent micro-imperfections. 

 The nonferromagnetic Gunther Tulip (Cook Medical, 
Bloomington, IN) IVC fi lter was approved in 2000 for per-
manent use and in 2003 for retrieval. The conichrome fi lter is 
conical with four fi lters legs with barbed anchoring hooks 
radiating from the apex and four additional wires wrapped 
around these legs. The Gunther Tulip fi lter is 50 mm long 
and 30 mm wide and delivered with an 8.5 Fr system from 
the femoral approach and a 7 Fr system from the jugular 

approach. A hook at the apex allows removal even after long 
dwell times of greater than 180 days [ 96 ]. Rates of recurrent 
PE rates are 1–2 %, fi lter tilt 4–11 %, IVC penetration 2–4 %, 
and caval thrombosis 5–7 % [ 97 – 101 ]. 

 An updated model of the Tulip IVC fi lter is the Celect 
(Cook Medical, Bloomington, IN), approved in 2007 for per-
manent use and in 2008 for retrievable use. Changes to the 
tulip structure included eight secondary legs to improve stabi-
lization and centering and a wider base for use in caval diam-
eters up to 30 mm. Although the Celect IVC fi lter provides PE 
protection and retrievability (symptomatic PE rate of 2.8 %; 
successful retrieval 89 % at 52 weeks), it also demonstrated a 
high incidence of caval penetration by a fi lter leg [ 102 ,  103 ]. 

 Recently, approved IVC fi lters include ALN (ALN 
Implants Chirurgicaux Ghisonaccia, France), SafeFlo 
(Rafael Medical Technologies, Caesarea, Israel), Crux (Crux 
Biomedical, Menlo Park, CA), and Option (Rex Medical/
Argon Medical Devices, Athens, TX). The ALN fi lter is 
designed from nonferromagnetic stainless steel in a conical 
shape with three additional long curved legs radiating from 
the apex to facilitate self-centering. After a median follow-
 up of 21 months in a small group of patients receiving the 
ALN fi lter, no recurrent PE or vena caval thrombosis rates 
were reported [ 104 ]. Successful ALN fi lter retrieval rates 
dramatically decrease after 3 months; only 50 % of IVC fi l-
ters were retrieved with failures due to adherence to the wall 
and fi lter tilt [ 105 ]. SafeFlo IVC fi lter has a non-tilt spiral 
shape oversized to a double-ring platform. The available fi l-
ter sizes correlate with the caval diameter: small, 16–19 mm; 
medium, 19–22 mm; and large, 22–25 mm. Data on the long- 
term safety and effi cacy of the SafeFlo fi lter remains limited. 
The novel design of the Crux fi lter includes two nitinol spiral 
parts crimped at the ends to form a double-looped helical 
structure. A fi lter mesh is attached to one loop, while three 
fi xation anchors are attached to the opposite loop. Delivered 
through a 6 Fr system, two sizes are available: one for small 
cavas (17–22 mm) and one for large cavas (22–28 mm). The 
symmetric design of the Crux fi lter allows retrieval using a 
jugular or femoral approach [ 106 ]. The Option IVC fi lter is 
laser cut from one single piece of nitinol. Its conical shape 
has six struts radiating from the apex and includes a caudal 
hook for retrieval. Although it only requires a 5 Fr delivery 
system, the Option fi lter can be used in a maximal caval 
diameter of 32 mm. In a multicenter, single-arm clinical trial, 
8 % of patients had recurrent PE, 2 % of patients had fi lter 
migration, and 3 % had caval thrombosis [ 106 ]. 

    Filter Choice 

 After deciding to place an IVC fi lter, the clinical scenario 
should dictate whether a permanent or retrievable fi lter is used. 
Beyond this choice, each fi lter has unique characteristics 
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which may factor into the selection process. Table  13.6  lists 
specifi c parameters associated with each commercially avail-
able fi lter. Evaluating fi lters based on PE prevention rates 
remains diffi cult as no clinical trial has directly compared fi l-
ters and not all individual studies used PE after IVC fi lter 
insertion as a reportable outcome. A recent meta- analysis 
offered some insight into fi lter performance by reporting PE 
rates of 0.7 % with ALN, 1.1 % with Celect, 3.4 % with G-2, 
1.6 % with OptEase, 4 % with Option, 1 % with Recovery, and 
0.9 % with Tulip [ 28 ]. For permanent fi lters, rates of recurrent 
PE were 2.6 % with stainless steel Greenfi eld, 3.1 % with tita-
nium Greenfi eld, 2.9 % with Bird’s Nest, 3.8 % with Simon 
nitinol, 3.8 % with Vena Tech, and 0 % with TrapEase [ 107 ]. 
The same systematic literature review reported on the rate of 
DVT after IVC fi lter placement; however, it used variable cri-
teria for the diagnosis of DVT. Several fi lters were associated 
with a high incidence of DVT after placement including ALN 
fi lters (15.2 %), Option fi lters (18 %), and titanium Greenfi eld 
fi lters (22 %) [ 107 – 109 ]. The Tulip fi lter had the lowest rate of 
DVT [ 110 ,  111 ]. Although the risk of DVT appeared to 
increase with the duration of use, it remains unclear whether 
this risk refl ects the underlying prothrombotic condition which 
prompted IVC fi lter insertion or IVC fi lter-induced changes in 
vena cava blood fl ow [ 26 ,  27 ]. Most fi lters had a less than 1 % 
incidence of migration risk with the exception of the G-2 fi lter 
which had a 4.5 % rate of migration [ 28 ]. Celect fi lters had the 
lowest rate of caval thrombosis (0.6 %), while Option fi lters 
(8 %) and Vena Tech fi lters (11.2 %) had the highest rates 
[ 28 ,  107 ] (Table  13.7 ).

   Randomized clinical trials directly comparing different 
types of fi lters will never be conducted as they would require 
a prohibitively large number of patients to detect any true 

differences in their low complication rates. Filter selection 
therefore should be individualized to each patient and clini-
cal setting. The clinician placing the fi lter can determine 
which combination of fi lter device attributes is most impor-
tant to the patients’ successful clinical outcome. Filter effi -
cacy and complication rates also refl ect the skill of the 
interventionist which emphasizes the value of profi ciently 
placing these devices with an appropriately trained team.   

    Post-procedural Management 
and Complications 

    Rate of DVT and Benefi ts of Concurrent 
Anticoagulation 

 The subject of concomitant anticoagulation therapy following 
IVC fi lter placement still generates debate. Although IVC fi l-
ters protect patients from PE, they do not alleviate the under-
lying prothrombotic condition and therefore do not alter the 
risk of DVT formation or propagation. Potential thrombotic 
complications after placing an IVC fi lter include venous 
access site thrombosis and dislodgement or extension of 
emboli trapped by the fi lter [ 26 ]. To mitigate these thrombotic 
risks, the AACP recommends starting anticoagulation after 
placing an IVC fi lter as soon as a patient’s risk of bleeding 
becomes acceptable (grade 2B evidence). Despite the intui-
tive appeal of this guideline, evidence supporting the benefi t 
of concomitant anticoagulation is scarce. Yale et al. reported 
no difference in the rate of recurrent VTE events in patients 
treated with an IVC fi lter and concomitant anticoagulation 
compared to patients managed with an IVC fi lter alone [ 112 ]. 
Sakuma et al. demonstrated a reduction in 30-day mortality in 
patients treated with an IVC fi lter irrespective of concomitant 
anticoagulation use [ 113 ]. The decision to use concomitant 
anticoagulation after IVC fi lter placement should be made on 
a case-by-case basis depending on the underlying prothrom-
botic state, the extent of the DVT/PE, and the presence or 
absence of insertion site thrombosis.  

    Indications for Filter Retrieval 

 Although IVC fi lters can prevent PE, they do not prevent or 
treat DVT, and they may actually pose a thrombotic risk. The 
previously cited PREPIC study found an increased incidence 
of DVT in patients with IVC fi lters during mid- and long- 
term follow-up. Anticoagulation remains the fi rst-line therapy 
for DVT treatment and prevention and should be used when 
clinically feasible. Many patients have only a temporary con-
traindication to anticoagulation and therefore require the pro-
tection of an IVC fi lter for a fi nite period of time. For these 
patients, a permanent IVC fi lter is a potential liability as it 

   Table 13.7    Filter complications by fi lter type   

 Complication  High rates (%)  Low rates (%) 

 Recurrent PE with 
retrievable IVC fi lters 

 G-2 (3.4 %)  ALN (0.7 %) 
 Option (4 %)  Tulip (0.9 %) 

 Recovery (1 %) 
 Celect (1.1 %) 
 OptEase (1.6 %) 

 Recurrent PE with 
permanent IVC fi lters 

 Stainless steel Greenfi eld 
(2.6 %) 

 TrapEase (0 %) 

 Bird’s Nest (2.9 %) 
 Titanium Greenfi eld (3.1 %) 
 Simon nitinol (3.8 %) 
 Vena Tech (3.4 %) 

 Recurrent DVT  ALN (15.2 %)  Tulip (0 %) 
 Option (18 %) 
 Titanium Greenfi eld (22 %) 

 Migration  G-2 (4.5 %)  Most other 
fi lters (<1 %) 

 Caval thrombosis  Option (8 %)  Celect (0.6 %) 
 Vena Tech (11.2 %) 
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could increase their thrombotic risk, perforate the cava, or 
migrate over time. Retrieving IVC fi lters offers a way to real-
ize the short-term benefi t of IVC fi lters while minimizing 
their long-term risks. 

 Criteria for IVC fi lter retrieval vary slightly depending on 
the indication for placing the fi lter. Patients with an IVC fi l-
ter can be categorized into two groups: therapeutic use 
(patients with a documented DVT/PE) or prophylactic use 
(patients without a documented DVT/PE). In therapeutic 
patients, the IVC fi lter can be retrieved when the patient can 
tolerate sustained anticoagulation. Filter retrieval can be 
safely performed without cessation of anticoagulation. In 
prophylactic patients, the IVC fi lter can be retrieved when-
ever the thrombotic risk factors have resolved or the patient 
can safely receive effective thromboprophylaxis. In general, 
the sooner the fi lter retrieval is attempted, the higher the suc-
cess rate [ 114 ] (Table  13.8 ).

       Technical Details of IVC Filter Retrieval 

 The technique for IVC fi lter retrieval depends in part on the 
type of fi lter used. Most retrievable fi lters have an apical 
hook that can be snared from a superior approach through 
the internal jugular vein. Percutaneous internal jugular vein 
access is obtained with a micropuncture kit, and a wire is 
advanced into the IVC under fl uoroscopic guidance. Once a 
larger sheath is exchanged over the wire, a catheter is 
guided over the wire past the IVC fi lter, with care taken to 
not dislodge the fi lter or become entangled with its legs. A 
venogram is performed to ensure minimal clot burden 
within the fi lter. If thrombus fi lls more than 30 % of the 
fi lter, it should be left in place as removal may precipitate a 
PE. In this case, the patient may undergo lysis of clot or 3 
months of anticoagulation followed by another attempt at 
fi lter removal. If there is little or no thrombus in the fi lter, 
the apical hook is snared and held under tension. The 
retrieval sheaths are then advanced to collapse the IVC 

 fi lter within the sheath. The inner sheath and fi lter are then 
completely withdrawn. Collapsing the fi lter pulls the struts 
inward and gently dislodges them from the cava, in contrast 
to pulling on the fi lter which may tear the IVC. A comple-
tion venogram is taken through the remaining outer sheath 
to ensure that the cava is uninjured and free of residual 
thrombus. For the OptEase fi lter, femoral access is obtained, 
and the snare is used on the caudal hook to recapture the 
IVC fi lter in a similar fashion.  

    Troubleshooting: Retrieval 

 IVC fi lters can occasionally be diffi cult to retrieve because 
the position of the fi lter prevents successful snaring of the 
hook. A signifi cant tilt of the fi lter can embed the hook into 
the caval wall or angle it into the orifi ce of a renal vein. An 
elusive hook can frustrate efforts to retrieve a fi lter even 
when the fi lter appears to be centered, as anterior/posterior 
tilt is diffi cult to appreciate in standard, non-angled fl uoros-
copy. To correct IVC fi lter tilt, a large caliber balloon can be 
advanced from the femoral approach, infl ated above the fi l-
ter, and retracted. The balloon can also be positioned between 
the IVC fi lter and the caval wall to push the fi lter away from 
the caval wall in an attempt to dislodge and expose the hook 
[ 117 ]. Endobronchial forceps can also be used to directly 
grasp and pull on the IVC fi lter to expose its hook. A 
Glidewire (Terumo, Somerset, NJ) can be passed through the 
apex of the fi lter, snared from below, and used as a loop for 
retraction. The term “loop wire” or “fl ossing” has been 
coined to describe this technique aimed at correcting diffi -
cult IVC fi lter tilt [ 118 ]. 

 All advanced techniques for IVC fi lter retrieval should be 
used with caution since they carry the risk of fracture or 
entanglement of snares and wires within the IVC fi lter struts. 
Diffi cult IVC fi lter retrievals warrant the administration of 
heparin as clot usually builds up around wires. It is always 
more prudent to leave a fi lter in place and abandon efforts at 
retrieval instead of creating situation where open surgical 
IVC foreign body retrieval is necessary.  

    Retrieval Rates 

 Despite the commercial success and theoretic advantages of 
retrievable IVC fi lters, the rate of fi lter retrieval remains low. 
A single-center study reviewing IVC fi lter placements and 
retrievals between 2001 and 2006 found that only 30.4 % of 
patients had documented plans for fi lter retrieval. A history of 
cancer and lack of anticoagulation predicted lower retrieval 
rates, but 21.6 % of patients without retrieval attempts did not 
have any contraindications to retrieval [ 119 ]. Although tech-
nical issues can preclude the retrieval of some fi lters, most 

   Table 13.8    Retrieval considerations   

 IVC fi lter  Suggested retrieval period  Comments 

 Gunther Tulip  4 weeks  Success rate: 99 % 
 12 weeks  Success rate: 94 % [ 115 ] 

 OptEase  14 days 
 Recovery G-2  140 days  Maximum reported 

retrieval period: 300 days 
 Celect  12 weeks  Can be retrieved as long 

as 52 weeks 
 ALN  No recommendation  Success rate: 100 % 

at 3 months; attempts 
at 25 months successful 
[ 105 ,  116 ] 

 Option  175 days  [ 106 ] 
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non-retrieval cases result from losing patients in follow-up 
due to physician inattention or patient noncompliance. 
Retrieval rates signifi cantly increase with the establishment 
of dedicated fi lter clinics which allow for the clinician who 
placed the fi lter to arrange for retrieval. Studies on dedicated 
fi lter clinics show that the increase in retrieval rate was not 
related to a decrease in technical failures but refl ected more 
meticulous patient management [ 120 ,  121 ].  

    FDA Warning 

 In August of 2010, the FDA issued a warning regarding 
nearly 1,000 reports of adverse events involving retrievable 
IVC fi lters. The warning included the following statements:

  …IVC fi lters, intended for short-term placement, are not always 
removed once a patient’s risk for PE subsides. Known long term 
risks associated with IVC fi lters include but are not limited to 
lower limb deep vein thrombosis (DVT), fi lter fracture, fi lter 
migration, fi lter embolization and IVC perforation… The FDA 
recommends that implanting physicians and clinicians respon-
sible for the ongoing care of patients with retrievable IVC fi lters 
consider removing the fi lter as soon as protection from PE is no 
longer needed [  www.fda.gov/MedWatch/report.htm    ]. 

   In light of this mandate, and the reported complications of 
long-term IVC fi lters, physicians must exercise discretion in 
selecting patients for IVC fi lter placement and remain com-
mitted to retrieving them if indicated.   

    IVC Filter Complications and Management 

 Insertion-site thrombosis occurs more often with large caliber 
sheaths and can be avoided by using fi lters with lower- profi le 
delivery systems (Table  13.9 ) [ 70 ,  126 ]. Catheter-directed 
thrombolysis and percutaneous mechanical thrombectomy 
can be used to treat thrombotic IVC fi lter complications 
including DVT progression and fi lter thrombosis with subse-
quent renal failure [ 127 ]. Fracture of the IVC fi lter can 
decrease its ability to trap thromboemboli and predispose the 
device or its parts to embolize [ 128 ]. Pulmonary emboli that 
originate from trapped thrombus in the IVC fi lter can be man-
aged with anticoagulation. Patients who cannot receive anti-
coagulation may require a second IVC fi lter placed above the 
original device to prevent further PE in these rare cases [ 122 ]. 
Filter migration that results from a megacava or central 
venous line exchange can induce a potentially fatal dysrhyth-
mia if the dislodged fi lter travels into the right atrium [ 129 ]. 
A snare through the internal jugular vein can be used to 
recover an embolized IVC fi lter; however, immediate surgical 
extraction may be necessary if the clinical condition deterio-
rates or the fi lter migrates further into the pulmonary artery, 
making percutaneous retrieval diffi cult or impractical.

   Extraluminal penetration of the IVC by a leg of the  fi lter 
rarely causes symptoms and is typically detected as an inci-
dental fi nding during radiographic imaging. While the inci-
dence of asymptomatic IVC penetration can be high (40 % 
for the Greenfi eld fi lter and 37 % for the Bird’s Nest fi lter), 
symptomatic IVC penetration occurs at a much lower rate 
[ 103 ,  130 – 132 ]. Reports describing fi lter legs piercing the 
aorta, duodenum, or ureter represent serious but rare clinical 
manifestations of IVC fi lter penetration. Although some 
experts recommend surgical treatment for both asymptom-
atic and symptomatic caval penetrations to avoid unpredict-
able complications, observation remains the most common 
management strategy for patients with asymptomatic caval 
penetration. Percutaneously removing a fi lter that has pene-
trated the IVC is often technically diffi cult due to its incorpo-
ration into the wall of the IVC and adjacent tissues. Open 
surgical intervention is often necessary to remove the fi lter 
and repair of adjacent organ injury; however, endovascular 
approaches to deal with fi lter complications in specifi c con-
texts have also been described [ 133 – 137 ].  

    Conclusions 

 Inferior vena caval interruption to prevent PE has evolved 
over the last 50 years from a morbid open surgical operation 
with inconsistent results to a 15-min percutaneous procedure 
with reliable technical success. The ease of placing an IVC 
fi lter and the emergence of retrievable fi lters triggered an 
exponential increase in fi lter use. Although IVC fi lters pro-
vide safe and effective protection against PE, the widespread 
use of fi lters should not be misinterpreted as an endorsement 
of their benign nature. IVC fi lters carry short- and long-term 

   Table 13.9    IVC fi lter complications   

 Complication  Incidence (%)  Pivotal studies 

  Perioperative complications   [ 122 – 124 ] 
 Improper placement  1.3 
 Pneumothorax  0.02 
 Hematoma  0.6 
 Air embolism  0.2 
 Arterial puncture  0.04 
 Arteriovenous fi stula  0.02 
 Insertion-site thrombosis  0.4–1.8 
  Late complications   [ 2 ,  28 ,  103 ,  123 ,  125 ] 
 IVC thrombosis  2–9.5 
 IVC penetration  4.4 
 Migration  1–18 
 Filter embolization  2–5 
 Filter fracture  2–10 
 Recurrent PE  1.3 
 Recurrent DVT  6–36 
  Mortality   0.12  [ 5 ] 
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risks which become especially relevant for young patients 
treated with prophylactic fi lters. Safe and cost-effective 
 decisions about whether to place an IVC fi lter should bal-
ance the risk of a fi lter-related complication with the likeli-
hood of a PE without an IVC fi lter. Despite a growing list of 
relative indications, the absolute indications for placing an 
IVC fi lter remain unchanged and include: a documented 
VTE with contraindication to anticoagulation, recurrent 
VTE despite adequate anticoagulation, and discontinuation 
of anticoagulation due to complications in the context of a 
documented VTE. In most cases, therapeutic anticoagulation 
should be started as soon as possible followed by IVC fi lter 
removal if it is feasible. If a patient receives a prophylactic 
IVC fi lter, it should be removed as soon as the patient can 
receive effective thromboprophylaxis or when the patient’s 
thrombotic risk returns to baseline. Increasing fi lter retrieval 
rates requires the concerted effort of clinicians and institu-
tions to raise awareness of the risks associated with IVC fi l-
ters and to establish fi lter clinics and protocols that improve 
patient follow-up.     
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        Although    vascular surgeons, neurosurgeons, and interventional 
radiologists perform most elective interventions on the 
vasculature of the head and neck, Cervical trauma remains 
the province of the general surgeon. While long-term man-
agement of severe cervical trauma may require the input of a 
multidisciplinary team, only the general surgeon must decide 
what to do when confronted with a patient who is rapidly 
exsanguinating from a transcervical gunshot wound. In the 
neck, the close juxtaposition of critical structures including 
the spine, aerodigestive tract, and cerebral vasculature cre-
ates some particularly challenging and high-stress clinical 
situations. Fortunately, even nonspecialists who not routinely 
perform elective vascular procedures on the head and neck 
can evaluate, stabilize, expose, and repair traumatic neck 
injuries by relying on basic knowledge of the relevant anatomy, 
imaging modalities, and treatment algorithms. 

    Initial Evaluation and Imaging 

 Blunt or penetrating trauma to the vasculature of the neck 
can often result in immediately life-threatening injuries, with 
signifi cant potential for exsanguination, airway compres-
sion, or ischemic stroke. Given these devastating outcomes, 
prompt surgical exploration with or without angiography has 
been the mainstay in evaluation and treatment of penetrating 
neck injuries for decades. In the past few years, however, 
new diagnostic and therapeutic strategies have been devel-
oped, which allow for prompt identifi cation and manage-
ment of vascular injuries without mandatory surgical 
exploration. While the care for neck wounds has undoubt-

edly improved over the years, the treatment algorithm has 
also become somewhat more complex. 

 When confronting a patient in the trauma bay, the evaluation 
and management of blunt and penetrating injuries proceeds 
along distinctly different lines, and trauma to the vasculature 
of the head and neck is no different. The mechanism of 
injury, presenting symptoms, workup, and management of 
blunt and penetrating neck injuries are vastly different and 
worth considering as separate entities.  

    Penetrating Neck Injuries 

    Incidence 

 Penetrating neck injuries account for 1 % of all traumas in 
the United States and have an associated mortality of 3–6 %. 
Most of the fatalities result from arterial damage, with 80 % 
of deaths in these cases resulting from ischemic stroke and 
the remaining 20 % from exsanguination. Firearms cause 
45 % of penetrating injuries, stab wounds account for 40 %, 
and shotgun injuries cause approximately 4 % [ 1 ].  

    Classifi cation 

 Penetrating neck injuries have traditionally been classifi ed 
according to their zone of injury using the anatomic land-
marks fi rst described by Roon and Christensen in 1979 [ 2 ] 
(Fig.  14.1 ). Zone I extends from the clavicles to the cricoid 
cartilage. Zone II is from the cricoid cartilage to the angle of 
the mandible. Zone III includes the area above the angle of the 
mandible to the base of the skull. Zone II injuries are the most 
common (47 %), with Zone I injuries carrying the highest 
mortality rate [ 3 ]. In more complex penetrating neck injuries, 
such as blast or high-velocity gunshot wounds, use of this clas-
sifi cation system may be limited. These types of injuries often 
involve multiple zones and can injure structures in the pos-
terior neck (e.g., vertebral arteries), which this  classifi cation 
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system largely ignores [ 4 ] (Fig.  14.2 ). The zone classifi cation 
system has also become less relevant as mandatory explora-
tion for Zone II injuries has fallen out of favor. Zone of injury 
does help determine the operative approach, and it remains a 
straightforward way to describe many injuries.

        Initial Assessment 

 As with any signifi cant trauma, initial assessment should 
proceed according the Advanced Trauma Life Support 

guidelines (the A, B, Cs) [ 5 ]. Patients with neck injuries can 
decompensate quickly, and the location of the injury puts the 
airway uniquely at risk. Therefore, securing an airway is 
essential in these patients, and there should be a very low 
threshold for intubation. Unfortunately, intubation can be 
diffi cult in a patient with a large neck hematoma, and 
advanced airway management techniques including early 
cricothyroidotomy or tracheostomy may be required. 

 While active arterial bleeding or an expanding hematoma 
can be dramatic, assessment for vascular injuries only occurs 
during the “C” portion of the primary survey. After the airway 
is secure, an immediate determination must be made as to 
whether the patient’s injuries require urgent surgical atten-
tion. If the patient has any hard signs of vascular injury 
(Table  14.1 ), prompt surgical intervention will be required, 
and the remainder of the evaluation can proceed on that basis.

       Diagnostic Imaging 

 The evaluation and management of the stable patient with a 
penetrating neck injury has evolved over the last couple of 
decades; however, these cases can still generate some contro-
versy. Historically, the potential for a devastating missed 
vascular injury was the primary focus, and any Zone II pen-
etrating injury deep to the platysma mandated prompt surgi-
cal exploration. Some studies reported injuries in as many as 
30 % of patients undergoing surgery, and given the relatively 
limited morbidity of a neck incision, diagnostic exploration 
remains a safe course of action [ 6 ]. The drawback of manda-
tory neck exploration is a high rate of nontherapeutic sur-
gery. One study reported a negative neck exploration rate of 
98 % in asymptomatic patients [ 7 ]. In the mid-1990s, many 
trauma centers began using a selective approach to Zone II 
penetrating injuries. Stable patients with minimal symptoms 
may benefi t from additional diagnostic imaging to determine 
if surgery is necessary. Catheter angiography continues to be 
the gold standard for detecting arterial pathology, with a sen-
sitivity and specifi city for major injuries approaching 100 % 
[ 8 ]. Angiography can accurately evaluate for injuries in all 
zones of the neck and has the advantage of being therapeutic 
as well as diagnostic. In the traditional approach to cervical 
vascular trauma, stable patients with Zone I and III injuries 
underwent diagnostic angiography, while all patients with 

  Fig. 14.1    Traditionally defi ned zones of the neck       

  Fig. 14.2    This blast injury with multiple fragments bilaterally in zones 
I and II defi es traditional classifi cation       

   Table 14.1    Hard signs of injury   

 Active bleeding with signs of hemorrhagic shock 
 Expanding hematoma 
 Bruit or thrill 
 Pulse defect 
 Evolving stroke 

  These    are the classic “hard” signs of injury which 
are virtually diagnostic of vascular trauma which 
must be surgically addressed  
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Zone II were surgically explored. Despite its advantages, 
angiography is an invasive procedure with a 1–2 % risk of 
complications, including puncture site hematomas, distal 
embolization of atheromatous plaques or thrombus, and arte-
rial dissection [ 9 ]. Catheter angiograms also require techni-
cal expertise to perform, and trained personnel may not 
always be immediately available on-site. Waiting for the req-
uisite support personnel to arrive may delay the diagnosis 
and treatment of an unstable patient. These limitations cou-
pled with the relatively high negative angiography rates 
(ranging from 10 to 30 %) have allowed noninvasive imaging 
modalities to supplant catheter angiography as the preferred 
initial diagnostic study. 

 Helical computed tomographic angiography (CTA) has 
become faster and more available over the last decade allow-
ing it to play a more prominent role in the assessment of 
penetrating neck trauma. A recent review on imaging for 
neck trauma which included multiple prospective studies 
comparing helical CTA to catheter angiography reported that 
the sensitivity and specifi city for helical CTA ranged from 90 
to 100 % [ 10 ]. A helical CTA of the neck can be done in 
minutes, with no need for direct physician intervention, 
thereby reducing the time to diagnose and treat cervical vas-
cular injuries. Widely used standardized protocols have also 
made this test reproducible, and high-quality studies can be 
obtained in almost any institution. CTA enables the physi-
cian to assess soft-tissue injuries documenting any damage 
in the head or chest and potentially determine the trajectory 
of the missile. Tracing the trajectory of injury can facilitate 
prompt evaluation of injuries to other vital structures in the 
area including the spinal column and aerodigestive tract [ 4 ]. 
With 64-slice scanners and the most current software, multi-
planar reformations and 3-dimensional reconstructions are 
immediately available, increasing the diagnostic yield of 
these studies. There have been only occasional reports of 
major vascular injuries that were missed by CT scan; how-
ever, the majority of these have involved venous injuries 
without signifi cant hemorrhage [ 11 ]. Given its speed, imme-
diate availability, and accuracy, CTA has become the de facto 
fi rst-line study in most institutions for the stable patient with 
a penetrating neck injury. 

 Metallic implants or projectile fragments create imaging 
artifacts which degrade the diagnostic accuracy of CT scans. 
In these cases, catheter-based arteriography may be required 
to reach a defi nitive diagnosis. When multiple studies are 
required, patients can receive a large contrast load, which 
may adversely affect renal function. Rarely is there time to 
assess renal function in a rapidly evolving trauma situation, 
but if a trauma patient has known renal insuffi ciency, a 
directed catheter arteriogram can minimize overall contrast 
volume. 

 Although other noninvasive imaging modalities exist, 
they have a limited role in the evaluation of cervical trauma. 
Color Doppler ultrasonography has the potential advantage 

of being a portable, cheap, noninvasive test that does not 
require the intravenous contrast dye. Its drawbacks include 
the fact that it is operator-dependent, requires a long exami-
nation time, and can rarely evaluate for injuries to Zone I or 
III. Artifacts within the scanning fi eld and bone or soft-tissue 
injuries also reduce the ability of ultrasound to evaluate 
 cervical vascular structures. Magnetic resonance angiogra-
phy (MRA) has occasionally been used to assess vascular 
injury following penetrating trauma, but it is a time-consum-
ing study that requires MR-compatible equipment and on-
site technical expertise for scanning protocols and 
interpretation. The potential presence of ferromagnetic frag-
ments in the neck after trauma is a contraindication to MRA 
in many trauma situations.   

    Blunt Injuries 

    Incidence and Presentation 

 Although blunt cerebrovascular injuries occur in less 0.75 % 
of all trauma patients, they can have devastating conse-
quences. Mortality rates of blunt carotid injuries range from 
16 to 59 %, with 24 to 58 % of survivors having severe neu-
rological defi cits [ 12 – 17 ]. The extremely variable clinical 
presentation of blunt cerebrovascular injuries may account 
for their high morbidity and mortality. Traditional hard signs 
of vascular trauma are rarely apparent, and concomitant 
facial and head injuries can limit the physician’s ability to 
pick up subtle alterations in the neurologic exam. There may 
also be a latent period between time of injury and the appear-
ance of symptoms. Studies suggest that 25–50 % of patients 
develop symptoms more than 12 h after the traumatic event, 
and there have even been reports of symptoms presenting 
several days after the initial injury [ 13 ,  16 ,  17 ]. In contrast, 
some patients with minimal trauma due to a minor fender 
bender or sports injury can sustain a carotid dissection and 
present with a severe neurologic defi cit. Such wide variabil-
ity in presentation means a blunt cerebrovascular injury may 
not be readily appreciated or considered in the context of an 
unstable patient with multisystem blunt injury. While a stab 
or bullet wound to the neck immediately draws attention to 
the possibility of a cervical vascular injury, the differential 
diagnosis for a polytrauma patient with a low Glasgow Coma 
Score (GCS) is quite long. Evaluation and management 
should ideally focus on screening the appropriate patient 
cohort to detect this type of injury early. 

 Blunt cerebrovascular injury results from one of four 
mechanisms: hyperextension/rotation, direct force to the 
vessel, intraoral trauma, or laceration by bony fragments. 
These forces most commonly cause intimal damage with 
dissection and thrombus formation. Thrombus can either 
occlude the vessel completely or embolize to the cerebral 
circulation, while dissection can lead to pseudoaneurysm 
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formation. In very rare cases, complete transection and 
exsanguination occurs. Motor vehicle accidents are the most 
common cause of blunt cerebrovascular injuries (41–70 %), 
while other mechanisms include pedestrians struck (17–
33 %), assault (10–20 %), hanging, and sports injuries [ 14 , 
 17 ]. Bilateral injuries occur in 18–41 % of cases [ 12 ,  16 ,  17 ]. 
Not surprisingly, blunt cerebrovascular injury is associated 
with injuries to other important structures, including closed 
head injuries (48–65 %), facial fractures (22–60 %), thoracic 
injuries (19–63 %), intra-abdominal injuries (16–30 %), and 
extremity fractures (25–39 %) [ 4 ,  13 ,  16 ,  17 ]. Not only do 
these associated injuries contribute to the delay in diagnosis, 
they also complicate subsequent management. A patient’s 
carotid dissection might cause ischemic injury in some cases, 
but class IV hemorrhagic shock or a tension pneumothorax 
will cause death in short order, and management of these 
injuries takes precedence. 

 Although a majority of patients with blunt cerebrovascu-
lar injury have no obvious symptoms upon presentation, 
there are certain fi ndings that should prompt immediate 
diagnostic imaging. These symptoms include arterial bleed-
ing from the neck, mouth, ear, or nose; expanding hematoma, 
a cervical bruit in a patient less than 50 years old; and any 
lateralizing neurological defi cits or Horner syndrome. Other 
fi ndings on initial evaluation which may not have a high cor-
relation with vascular injury include: high-energy mecha-
nism, near hanging, seat-belt abrasion, cervical vertebral 
fracture, and diffuse axonal injury. As a general rule, a 
patient with neurologic defi cits not explained by the fi ndings 
on the initial head CT requires further evaluation. Liberal use 
of vascular imaging of the neck can avoid missing a cervical 
vascular injury in the clinical setting of severe blunt trauma 
and a decreased GCS. 

 For the asymptomatic blunt force trauma patient, the deci-
sion to proceed with neurovascular imaging is more diffi cult. 
A number of factors involving mechanism of injury, as well 
as certain physical fi ndings, have been associated with blunt 
cerebrovascular injury (Table  14.2 ). Given the high morbid-
ity and mortality associated with a missed blunt cerebrovas-
cular injury, screening protocols have been developed to help 
identify asymptomatic patients at risk for these injuries 
(Table  14.3 ). The fi rst widely implemented screening proto-
col was developed at the Denver Health Medical Center [ 13 ]. 
Based on this criteria, 4.8 % of trauma patients were screened, 
of which 18 % were found to have an injury [ 14 ]. Having one 
of the risk factors predicted a carotid injury in 33–48 % of 
patients, while all four risk factors predicted 93 % of injuries 
[ 14 ]. The second screening protocol, developed at the 
University of Tennessee in Memphis, resulted in 3.5 % of all 
trauma patients getting screened, with 29 % of screened 
patients found to have an injury [ 18 ]. Despite aggressive 
screening, over 20 % of patients with a blunt cerebrovascular 
injury will have none of the risk factors identifi ed by these 
protocols (Table  14.4 ) [ 14 – 17 ]. A recent meta-analysis of 

common diagnostic screening criteria (basilar skull fracture, 
cervical abrasion, GCS <8 with head or neck injury, neuro-
logical defi cit, and head, cervical spine, thoracic, or abdomi-
nal injury) found that only cervical spine and thoracic injury 
were signifi cantly associated with blunt cerebrovascular 
injury [ 19 ]. This study does not advocate screening only 
patients with cervical spine or thoracic injuries, as occult 
blunt cerebrovascular injuries would certainly be missed. 
Instead, these studies emphasize the importance of considering 

   Table 14.2    Risk factors for blunt cerebrovascular injury   

 Arterial bleeding from neck, mouth, ear, or nose a  
 Expanding hematoma a  
 Cervical bruit (if patient less than 50 years old) a  
 Focal neurological defi cit (e.g., hemiparesis, vertebrobasilar 
insuffi ciency, Horner syndrome) a  
 Unexplained neurologic symptoms a  
 Basilar skull fracture 
 Facial fractures 
 Closed head injury 
 Spinal cord injury (especially cervical spine) 
 Neck soft-tissue injury 
 – Stable hematoma 
 – Hanging or near hanging 
 – Clothesline-type injury 
 – The “seat-belt sign” 

  Classically described clinical fi ndings which may be consistent with 
blunt cerebrovascular injury are presented 
  a If present, emergent diagnostic imaging required  

   Table 14.3    Screening protocols for blunt cerebrovascular injury   

 Denver criteria [ 13 ,  14 ]  Memphis criteria [ 18 ] 

 Signs/symptoms  Cervical spine fracture 
 Cervical hematoma  Unexplained neurologic defi cit 
 Cervical bruit  Horner syndrome 
 Focal neurological defi cit  Leforte II or III fracture pattern 
 Unexplained neurological defi cit  Basilar skull fracture with 

involvement of the carotid 
canal 

 Risk factors  Neck soft-tissue injury 
(i.e., seat-belt sign, hanging, 
or hematoma) 

 Leforte II or III fracture pattern 
 Basilar skull fracture with 
involvement of the carotid canal 
 Head injury with GSC <6 
 Near hanging with anoxic 
brain injury 
 Any cervical spine fracture a  

  Criteria for screening in cases of blunt trauma to the head and neck as 
suggested by two major trauma centers are listed. The Denver group has 
documented a 70 % incidence of blunt cerebrovascular injury if any one 
of the signs and symptoms are evident and a 40 % incidence if any one 
of the risk factors are present. The Memphis study demonstrated a 29 % 
incidence of blunt cerebrovascular injury in patients with at least one of 
the listed criteria for screening. Both groups recommended aggressive 
screening in patients with evidence of severe head and neck trauma and 
any one of the listed clinical fi ndings 
  a Risk factor for vertebral artery injury only  
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the possibility of a cerebrovascular injury in a blunt force 
trauma patient with unexplained symptoms referable to the 
head and neck. Figure  14.6  demonstrates a carotid dissection 
in a patient who presented only with neck pain after sustain-
ing a very minor sports-related trauma.

         Diagnostic Imaging 

 Although arteriography remains the gold standard, CTA has 
become the screening test of choice for suspected blunt cere-
brovascular injury, as evidenced by its integration into the 
practice guidelines of both the Eastern Association for the 
Surgery of Trauma [ 20 ] and the Western Trauma Association 
[ 21 ]. Most patients who have risk factors for blunt cerebro-
vascular injury have indications for scanning other regions of 
the body, and a CTA protocol can easily be incorporated into 
the imaging plan. The entire noninvasive study can be com-
pleted in less than 5 min with a contrast load which is not 
excessive. While initial studies questioned the sensitivity and 
specifi city of CTA [ 18 ], more recent studies with  experienced 
radiologists using 16- or 64-slice CT scanners found that the 
accuracy of CTA approached that of angiography [ 15 ,  22 ]. 
Accordingly, CTA has emerged as the test of choice for 
screening patients with suspected cerebrovascular injuries, 
with arteriography reserved for equivocal results or high 
clinical suspicion. 

 As with penetrating neck trauma, other noninvasive imag-
ing modalities play a limited role in the evaluation of blunt 
cerebrovascular trauma. Duplex ultrasound by an experi-
enced sonographer will often pick up fl ow abnormalities due 
to dissection, but it is an operator-dependent test that can 
only detect injury in Zone II. Small intimal tears and nonoc-
clusive dissections usually go undetected by duplex ultra-
sound. MRA provides high resolution images free of bony 
artifact without the use of IV contrast. Although MRA may 
detect cerebral infarction earlier, the time required for image 
acquisition and logistical issues with unstable, ventilated 
trauma patients make it impractical for general use in the set-
ting of trauma.   

    Management of Injuries 

    Initial Approach/Exposure 

 When confronting a cervical vascular injury, the approach 
and the incision depend on the clinical situation and the 
available diagnostic imaging. The fi rst decision point 
involves determining whether the patient is stable enough for 
imaging or must proceed directly to the operating room. In 
the past, this was a more diffi cult decision, since CT scan-
ning and angiography were prolonged events in remote loca-
tions, with a high potential for decompensation and disaster 
in the radiology department. Now most level-1 trauma cen-
ters have 64-slice CT scans located in close proximity to the 
trauma bay. CT angiograms have a very high diagnostic 
yield for both arterial and nonvascular injuries, allowing a 
relatively comprehensive evaluation in a short period of time. 
As a result, only patients with active exsanguination or rap-
idly expanding hematoma are taken for immediate neck 
exploration without any imaging. 

    Unstable Patients 
 A surgeon taking an unstable patient directly to the OR will 
not know the exact nature or location of the injury. This 
uncertainty highlights the importance of using versatile 
incisions with the ability to achieve exposure and proximal 
control rapidly. A standard carotid incision along the ante-
rior border of the sternocleidomastoid muscle or a median 
sternotomy will be suffi cient to address most instances of 
life- threatening hemorrhage. Fortunately, nearly all general 
surgeons can perform these exposures. 

 The traditionally defi ned zones of the neck provide a use-
ful template for addressing active hemorrhage. A penetrating 
wound in Zone I or an expanding hematoma just above the 
clavicle should tip off the trauma surgeon to the need for 
proximal control in the chest. A median sternotomy provides 
the safest initial exposure for a Zone I injury. Rapid control 
of the proximal common carotid or innominate artery can be 
achieved, and the incision can be extended onto the neck 
along the sternocleidomastoid as needed for repair. Zone 1 
injuries may also unexpectedly involve the subclavian artery, 
and extension of the incision to an anterior thoracotomy or 
across the clavicle may be required. Control of the left sub-
clavian artery is diffi cult but possible through a median ster-
notomy but is most reliably achieved through an anterior 
thoracotomy in the third interspace. 

 With a clear-cut Zone II injury, a longitudinal incision 
along the anterior border of the sternocleidomastoid mus-
cle, similar to that used for an elective carotid endarterec-
tomy, will be adequate. The incision can be extended down 
to the sternum or up to the level of the mastoid as needed. 
The common carotid can either be isolated proximal to the 

   Table 14.4    Grading system for blunt cerebrovascular injury [23]   

 Injury grade  Criteria  Stroke incidence (%) 

 I  Luminal irregularity 
with <25 % narrowing 

 3 

 II  Intraluminal thrombus, 
dissection or intramural 
hematoma with >25 % 
narrowing 

 11 

 III  Pseudoaneurysm  33 
 IV  Occlusion  44 
 V  Transection with extravasation  100 
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injury or controlled with fi nger pressure as the dissection 
and identifi cation of the injury proceeds. Most nonvascular 
injuries can also be addressed through an incision along the 
anterior border of the sternocleidomastoid muscle. If head 
and neck surgeons need to repair a laryngotracheal injury, 
the incision can be extended across the midline at the base 
of the neck, or a second contralateral incision can be made in 
the case of bilateral or transcervical injuries (Fig.  14.3 ).

   Exposure of Zone III injuries usually begins with the stan-
dard carotid incision followed by a superior extension 
approximately 1 cm lateral and inferior to the angle of the 
mandible. True Zone III injuries to the internal carotid can be 
extremely diffi cult to control, and there are several well- 
described adjuncts for distal exposure including subluxation 
of the mandible or mandibular osteotomy. These maneuvers 
often require the assistance of maxillofacial surgery or oto-
laryngology and take time to implement. In practice, aggres-
sive retraction, fi nger pressure, and Fogarty balloons are 
usually attempted to gain control in the setting of ongoing 
hemorrhage. Carotid ligation may, in fact, be the only option 
if distal exposure and vascular control cannot be achieved.  

    Stable Patients 
 Rapidly performed, extensive incisions with a high potential 
for morbidity can usually be avoided in stable patients. If the 
patient does not need to go to the operating room immedi-
ately, the surgeon has an opportunity to use imaging to defi ne 
the injury and endovascular adjuncts for control and repair 
in locations that are diffi cult to expose. While traditional 
teaching emphasized surgical exploration for all deep Zone 
II injuries, preoperative imaging studies may be useful to 
identify associated nonvascular injuries, plan arterial repair, 
or even avoid surgery altogether. As mentioned previously, a 
CTA is usually the initial study of choice to identify and pri-
oritize the various injuries. Repairing arterial injuries may 
require a combination of open and endovascular techniques, 
so appropriate imaging support, ideally in an OR with fi xed 
imaging capability, is critical. 

 Injury to the subclavian artery low in the neck is a classic 
illustration of how endovascular intervention has almost 
totally supplanted open surgical approaches and their associ-
ated morbidity. Older literature advocated proximal arterial 
control with a left anterior thoracotomy or median sternot-
omy, followed by extension of the incision across the clavi-
cle with possible claviculectomy if needed. In contrast, the 
technique involved in stent grafting a subclavian artery injury 
is almost trivial. The arterial injury can be excluded with a 
stent graft delivered percutaneously or via a small cutdown 
on the brachial or common femoral arteries (Fig.  14.4 ).

   A stable patient with an injury that can be completely 
controlled through a neck incision along the anterior 
border of the sternocleidomastoid should have a stan-
dard surgical exploration and repair. For injuries to the 
more proximal carotid or subclavian arteries, or the more 
distal ICA, an endovascular approach may be indicated. 
The stability of the patient affords time to consult with 
vascular, head and neck, or thoracic surgery colleagues 
to formulate a plan that should only rarely require emer-
gent, highly morbid surgical incisions such as the “open 
book” thoracotomy.  

    Arteriovenous Fistula 
 An arteriovenous fi stula represents a rare presentation of 
penetrating cervical vascular trauma. Although an arteriove-
nous fi stula may present with a bruit or thrill at the time of 
injury, the diagnosis can often be delayed, and it may only be 
detected as an incidental fi nding on CT scan. While a thrill or 
bruit is one of the hard signs of arterial injury, suspicion of an 
AVF in the head and neck need not provoke immediate oper-
ative exploration if the patient is otherwise stable. The fi stula 
itself is almost never a life-threatening problem, and if neck 
exploration is not needed immediately to repair aerodiges-
tive injuries, defi nitive therapy for the arteriovenous fi stula 
can await comprehensive imaging evaluation and formula-
tion of a multidisciplinary surgical plan. Figure  14.5  illus-
trates a case of carotid-jugular AV fi stula after stab wound 

  Fig. 14.3    ( a ,  b ) Diagram of a standard carotid/internal jugular expo-
sure by incision along the anterior border of the sternocleidomastoid       
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which presented in a delayed fashion as high-output cardiac 
failure. Vascular injury was suspected based on a palpable 
thrill in the neck, confi rmed by arteriography, and treated 
with a carotid patch angioplasty. Proximal control was 
achieved via median sternotomy.

       Blunt Trauma 
 Blunt trauma to the neck causing a vascular injury should 
be considered in polytrauma patients who have a neuro-
logic defi cit in the absence of major intracranial pathology. 
A CTA of the neck can function as the defi nitive study, and 
treatment is almost always anticoagulation. Exceptions to 
this rule include patients with a fl uctuating neurologic defi -
cit or an injury that can be surgically addressed. These 
patients make up a small minority of cases, as the majority of 

patients with blunt vascular injury will present with a major 
fi xed neurologic defi cit and an occluded artery, or a minimal 
defi cit with carotid dissection noted as an incidental fi nding 
on CT scan. A classifi cation system for blunt carotid injury 
has been proposed by Biffl  et al. which correlates the degree 
of injury with stroke risk [ 23    ]. 

 Unfortunately, regardless of injury type or grade, thera-
peutic options for blunt cervical vascular trauma are limited. 
The rare patient with a very short intimal fl ap or a limited 
segment of severe narrowing may be amenable to stenting to 
re-expand the true lumen; however, anticoagulation with 
heparin/warfarin or antiplatelet medication remains the stan-
dard of care [ 24 ]. Figure  14.6  shows the CTA and  arteriogram 
of a patient who presented with carotid dissection after a 
minor trauma.

  Fig. 14.4    This    patient presented with a large hematoma after a stab wound to the neck in Zone I. CTA demonstrated a large pseudoaneurysm of the 
subclavian artery (arrow), and he was taken for arteriogram ( a ,  b ). The defect was repaired with a stent graft delivered via a femoral artery cutdown ( c )       

  Fig. 14.5    This patient presented several years after a stab wound to the 
neck with a thrill palpable in Zone I and congestive heart failure. CTA 
demonstrated a common carotid to internal jugular fi stula ( a ), and open 
repair was performed via a median sternotomy extended up onto the 

neck along the border of the sternocleidomastoid muscle ( b ). 
Endovascular repair with a stent graft was not feasible due to the large 
diameter of the involved vessels       
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        Operative Repair 

 Carotid injuries tend to receive the most attention in the 
evaluation of a polytrauma patient, and they are the most 
frequently treated with an open surgical approach. Traditional 
open surgical techniques are often applicable, particularly in 
the case of Zone II injuries, while endovascular maneuvers 
may be required to manage injuries in Zones I and III. In the 
most severe cases, repair may not be indicated at all, although 
this is a controversial strategy, and making fi rm recommen-
dations is diffi cul. 

 There is no uncertainty regarding the treatment of patients 
with active bleeding or an expanding hematoma; they always 
require repair to control the hemorrhage and prevent exsan-
guination. Decision making and management becomes more 
challenging for carotid injuries that present with a neuro-
logic defect due to arterial occlusion. Some case series sug-
gest that repair of the carotid artery in the face of a fi xed 
neurologic defi cit risks converting a bland ischemic infarc-
tion into an intracranial bleed with potentially lethal conse-
quences [ 25 ,  26 ]. In contrast, multiple series report that 
hemorrhagic conversion is rare and recommend repairing 
most carotid injuries, even in the setting of a major, fi xed 
neurologic defi cit. Overall, patients with a neurologic defi cit 
have a poor outcome; however, the prognosis may be slightly 
less dismal for the individual patient who undergoes a suc-
cessful carotid artery repair [ 27 ]. Clearly, there is room for 
discretion in most cases, and a challenging repair is ill 
advised in a patient presenting several hours post-trauma 
with a severe fi xed neurologic defi cit and multiple other inju-
ries. At the other end of the spectrum, a patient presenting 

shortly after a trauma with a carotid injury, decreased mental 
status, and a diffi cult-to-evaluate neurologic exam probably 
deserves the benefi t of the doubt and should undergo carotid 
artery exploration and repair. 

    Common Carotid 
 The common carotid is probably the easiest vessel to 
approach and repair, especially once proximal control is 
achieved via sternotomy, balloon occlusion, or an incision 
low in the neck. Clamping below the level of the carotid 
bifurcation allows for continued perfusion of the internal 
carotid via external carotid backfl ow, and shunting is not 
typically necessary for a straightforward repair. Primary clo-
sure alone may be appropriate for a simple stab wound, but 
most gunshot wounds and more complex lacerations will 
require debridement back to normal-appearing vessel and 
reconstruction. If the arterial defect is very short, mobiliza-
tion and end-to-end anastomosis may be feasible, but a short 
interposition graft with PTFE or Dacron is often required 
and should result in excellent long-term patency. If the surgi-
cal fi eld is heavily contaminated, or there is oropharyngeal 
injury, using an autogenous conduit is probably a safer option. 
Reversed great saphenous vein taken from the groin is a 
reasonable choice, even though it may be a size mismatch. 
Femoral vein offers a closer size match, is almost always 
available, and rarely causes a harvest-related morbidity. 

 In a patient with a very limited wound and no associ-
ated injuries, systemic heparinization is appropriate during 
the repair. Regardless of whether systemic heparin is 
used, it is critical to forward and back fl ush the proximal 
and distal vessels after repair to remove any accumulated 

  Fig. 14.6    This patient presented with neck pain, but no neurologic 
defi cit after a very minor sports-related neck injury. Near occlusion of 
the distal common carotid artery (arrow) is seen on CTA ( a ) and dem-

onstrated by arteriogram ( b ). Treatment was with systemic anticoagula-
tion, and the injury healed with eventual restoration of normal arterial 
diameter and resolution of the neck pain       

 

M.A. Schechter et al.



209

thrombus or air bubbles. If there is any suspicion of thrombus, 
or poor fl ow from the proximal or distal vessel, carefully 
passing a Fogarty balloon is acceptable.  

    Internal Carotid 
 Repair of the internal carotid poses more of a technical chal-
lenge, even for an experienced vascular surgeon. The inter-
nal carotid artery is smaller, shunting may be required, 
exposure can be diffi cult, and distal control is often elusive in 
a bloody surgical fi eld. In addition, there are multiple cranial 
nerves prone to injury by inadvertent clamping while obtain-
ing control or performing the repair. As is the case with the 
common carotid, primary repair of a defect may be appropri-
ate for short stab wounds, but most gunshot wounds and 
complete transections will require interposition grafting. The 
conduit of choice is a reversed great saphenous vein graft, 
which is often a good size match and has documented excel-
lent long-term patency. In some cases, a quick and elegant 
solution for proximal ICA injury is transposition of the 
external carotid over to the more distal internal carotid 
(Fig.  14.7 ).

   Shunting is often recommended for patients requiring 
complex repair of the ICA, and there are a variety of shunts 
available. Technically, the most straightforward shunt is the 
Argyle, a straight, 6-in. PVC tube which is passed into the 
ICA distally and the CCA proximally and held in place at 
either end with a vessel loop or Rummel tourniquet. If a 
vein graft repair is required, the shunt can be passed through 
the vein graft before insertion to facilitate the repair. 

Shunting can be cumbersome and diffi cult in an emergency 
situation, particularly if the surgeon does not perform elective 
carotid endarterectomy on a regular basis. In practice, the sur-
geon should do whatever is necessary to complete the repair 
in the most expeditious fashion, and there is no consensus on 
the necessity of shunting every patient. If the repair is felt to 
be complex enough to require a shunt, it may be advisable for 
the less experienced general surgeon to consult a vascular 
surgery colleague to assist with the reconstruction. 

 In any situation, it is essential to confi rm that the distal 
internal carotid is patent with minimal thrombus. If internal 
carotid artery back bleeding cannot be obtained, the vessel 
should simply be ligated. Careful passage of a Fogarty bal-
loon to restore fl ow is acceptable, but the surgeon should be 
aware that blind passage of the balloon above the level of the 
skull base can cause intracranial vascular injury or a carotid- 
cavernous fi stula.  

    External Carotid 
 The external carotid artery is often ignored in discussions of 
cervical vascular trauma, because injury rarely produces a 
signifi cant neurologic defi cit. Injury to the external carotid 
artery can, however, cause a life-threatening hemorrhage 
which requires surgical or endovascular repair. Although 
ligation of the external carotid at its origin is technically 
straightforward, it may not achieve hemostasis in the case of 
a branch injury given the extensive arterial collateralization 
that exists around the face. Transcatheter embolization effec-
tively treats external carotid artery branch injuries and elimi-
nates the risk of late hemorrhage. Figure  14.8  shows a 
pseudoaneurysm of an external carotid branch that was 
treated with transcatheter embolization.

       Vertebral Artery Trauma 
 Vertebral artery trauma often has a subtle presentation and 
infrequently requires open surgical repair. Vertebral injury is 
not common and rarely causes signifi cant morbidity or mor-
tality. The location of the vertebral artery in the posterior 
neck, within the vertebral foramina, makes it diffi cult to 
expose and repair with open surgical techniques. With the 
exception of the fi rst segment of the vertebral artery which is 
surgically accessible, most vertebral injuries require an 
endovascular approach. Given the redundancy of the poste-
rior circulation, transcatheter embolization of an injured ver-
tebral artery is the most common technique. Prior to vertebral 
artery embolization, it is critical to confi rm patency of the 
contralateral vertebral artery. 

 Hemorrhage from the fi rst portion of the vertebral artery 
may require surgical exposure and direct repair. A transverse 
incision placed above the clavicle and deepened by dividing 
the clavicular head of the sternocleidomastoid and the ante-
rior scalene muscle will expose the subclavian artery which 
can be traced back to the vertebral artery origin. Simple ligation 

  Fig. 14.7    This patient underwent an external-to-internal carotid trans-
position. The proximal ICA was ligated, with transposition of the exter-
nal carotid onto the internal carotid. Completion arteriogram is shown       
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is usually appropriate, but saphenous interposition may be 
the only option if the contralateral vertebral is occluded, dis-
eased, or hypoplastic. Ligation of the vertebral artery has 
historically been associated with a 3–5 % stroke rate, which 
is signifi cant, but in desperate circumstances it may be the 
only realistic option [ 27 ]. A general surgeon should not 
underestimate the technical diffi culty of performing direct 
repair of vertebral artery, and vascular surgery consultation 
may be warranted. 

 Blunt trauma with cervical spine fracture and concomi-
tant vertebral artery occlusion is probably the most common 
scenario associated with a vertebral artery injury. The injury 
often represents an incidental imaging fi nding and requires 
no treatment, except in cases of active contrast extravasation 
or pseudoaneurysm formation (Fig.  14.9 ).

      Subclavian Artery 
 Injury to the subclavian artery in Zone I should be consid-
ered when approaching a penetrating neck trauma with active 
bleeding or contrast extravasation on imaging studies. In the 
unstable patient, proximal control should be achieved in the 
chest through either median sternotomy for the right subcla-
vian or a left anterior thoracotomy for the left subclavian. If 
endovascular expertise is immediately available, rapid con-
trol can be achieved with an intraluminal approach to limit 
the morbidity of the exposure and facilitate repair. In experi-
enced hands and with appropriate imaging support, brachial 
artery access and placement of a stent graft or occlusion bal-
loon is often just as quick as a thoracotomy or sternotomy. 

 Open repair of a subclavian artery injury may be necessary 
when the artery is completely transected. In these cases, the 
incision used for proximal control must be extended to 
allow interposition grafting. A supra- and/or infraclavicular 
incision is usually adequate, but in cases with ongoing 
severe hemorrhage, resection of the clavicle can give wider 
exposure to rapidly control venous or arterial bleeding and 
complete the repair. A segment of the clavicle just lateral to 
the clavicular head can be excised by extending a median 
sternotomy incision laterally directly over the proximal 
clavicle or by making a separate incision just lateral to the 
clavicular head. After clearing the attached soft tissues with 
cautery and a periosteal elevator, a 5–10 cm segment of 
the clavicle can be excised with a saw. Although clavicular 
resection may result in decreased shoulder stability and 
strength, limb salvage takes precedence over this minor 
functional limitation. 

 A particularly morbid, but classically described, incision 
for thoracic outlet injuries is the so-called “trapdoor” thora-
cotomy. This exposure consists of a partial sternotomy 
extended laterally with both a supraclavicular and a third or 
fourth interspace anterolateral thoracotomy incision. 
Opening the “trapdoor” laterally creates a wide exposure of 
the artery, vein, brachial plexus, and apex of the lung. This 
type of extensive exposure may be required in the most 
extensive penetrating trauma such as high-velocity gunshot 
wounds, shotgun wounds, or blast trauma with shrapnel 
injury. A damage-control approach is probably most appro-
priate in this setting, with rapid ligation of venous injuries, 
control of pulmonary bleeding, and expeditious arterial 
repair or ligation. 

  Fig. 14.9    A gunshot wound to the neck produced this pseudoaneurysm 
of the vertebral artery (arrow). It was treated with a stent graft but also 
could be addressed with transcatheter embolization         Fig. 14.8    A self-infl icted gunshot wound through the mouth with exit 

wound in Zone III presented with hemorrhage from the mouth and a 
pseudoaneurysm of the external carotid (arrow). This was treated with 
coil embolization       
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 Repairing a subclavian artery with an interposition 
prosthetic graft is reasonable unless the fi eld is heavily 
contaminated in which case an interposition saphenous vein 
graft is preferred. In the most dire circumstances involving 
an unstable patient and extensive arterial injury, simple liga-
tion offers an effective damage-control strategy. The exten-
sive arterial collateralization in the upper extremity can often 
maintain its viability in the setting of proximal subclavian 
artery ligation. Detecting a Doppler signal in the brachial 
artery distal to the ligation predicts viability in the short 
term, even without a graft. If a general surgeon does not feel 
comfortable with a complex arterial reconstruction, or the 
patient is profoundly unstable, placement of a temporary 
shunt, with resuscitation and delayed defi nitive repair, is a 
reasonable option. A well- placed arterial shunt may remain 
patent for 24–48 h even without systemic heparin, since 
these patients are often coagulopathic.  

   Venous Injury 
 Major venous injuries account for 40 % of all cervical vascu-
lar injuries and are almost exclusively due to penetrating 
injury [ 28 ]. Although an isolated venous injury rarely causes 
major morbidity, combined arterial and venous injuries are 
often discovered at the time of neck exploration and can 
make hemostatic control more diffi cult. Even an isolated 
venous injury can pose the threat of exsanguination if there 
is a large wound and direct pressure is not promptly applied. 

 Patients with isolated venous injuries rarely have hard 
signs of vascular injury other than hemorrhage through the 
wound. Because of the focus on fi nding an arterial injury, 
venous injuries are rarely considered during the evaluation of 
a stable patient with head and neck trauma. A venous injury 
may manifest only as a neck hematoma on CTA, which 
raises the suspicion of an arterial injury and may prompt a 
neck exploration. Encountering an unexpected venous injury 
during neck exploration can be challenging as they have the 
potential to be a source of signifi cant blood loss and can be 
diffi cult to control. 

 Much like arterial injuries, treatment of cervical venous 
injuries depends on the overall status of the patient. The 
internal jugular, the most frequently injured vein, can be 
ligated in patients with concomitant arterial injury, shock, or 
an unsalvageable injury. Ligation of the internal jugular vein 
does not usually have any clinical sequelae and has not been 
associated with postoperative edema or venous hypertension 
[ 29 ]. In stable patients, limited venous lacerations involving 
less than 50 % of the wall can be treated with lateral venor-
rhaphy which will help establish control of hemorrhage [ 30 ]. 
During neck exploration, a venous injury can bleed as rap-
idly and profusely as any arterial injury, and the exact source 
of bleeding can be diffi cult to localize. Attempts at dissection 
and exposure near the injury may result in tearing a very thin-
walled vein creating more trauma and increased bleeding. 

Although this can be a frustrating experience, it is important 
to resist the temptation to blindly place large sutures into the 
soft tissues of the neck. Pressure applied with fi ngers or a 
sponge stick on either side of the injury will almost always 
staunch the hemorrhage and allow a more careful dissection 
and an accurate assessment of the extent of the damage. 
Complex venous reconstructions are unnecessary in pene-
trating venous injury of the neck, and the only choice to 
consider is lateral venorrhaphy versus proximal and distal 
ligation.       
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           Introduction 

    Abdominal vascular injuries pose a signifi cant challenge to 
surgeons for a number of reasons. First, the injuries are 
often lethal: mortality rates for patients sustaining an 
abdominal vascular injury approach 50 % [ 1 – 3 ]. Second, the 
majority of patients with abdominal vascular injury present 
in profound shock secondary to massive blood loss which 
leads to the potentially fatal triad of acidosis, hypothermia, 
and coagulopathy. Third, hemorrhage in patients with 
abdominal vascular injuries cannot be temporarily con-
trolled prior to surgical exploration. In contrast to extremity 
vascular trauma where digital pressure or tourniquets can 
slow ongoing hemorrhage, bleeding vessels in the retroperi-
toneum are not amenable to external compression. Fourth, 
operative exposure of retroperitoneal injured vessels 
requires extensive, time-consuming dissection and mobili-
zation of intra- abdominal organs. Rapid execution of the 
required maneuvers to identify and control the injured ves-
sel in the face of recent or active hemorrhage increases the 
risk of iatrogenic injuries and continued organ ischemia. 
Lastly, by virtue of the retroperitoneal location of abdominal 
vessels and the proximity to adjacent organs, abdominal 

vascular injuries are associated with numerous injuries to 
surrounding vascular and nonvascular structures. The time 
required to repair other critical-associated injuries and the 
risk of contamination from injuries to hollow viscus organs 
(e.g., bowel, ureter) escalate not only the complexity of the 
operation but also the morbidity and mortality for the injured 
patient [ 1 ,  3 ]. These factors combine to create a complex 
clinical scenario for surgeons treating patients who have 
sustained an abdominal vascular injury. Rapid transport to a 
trauma center, early recognition of the injuries, a thorough 
knowledge of the anatomy and surgical maneuvers, and 
practical surgical judgment are crucial elements for 
improved patient outcomes.  

    Mechanism of Injury 

 In civilian series, abdominal vascular injuries comprise 
approximately 30 % of all vascular trauma treated at urban 
centers [ 4 ,  5 ]. Penetrating trauma is the most common 
 etiology of abdominal vascular injuries and accounts for 
90–95 % of all cases [ 6 ]. The mechanism of vascular injury 
from penetrating objects is due to either direct injury to the 
vessel or a shock wave cavitation from high-velocity projec-
tiles and blasts. 

 Blunt trauma leads to abdominal vascular injury much 
less frequently, comprising only 5–10 % of reported trauma 
cases. Blunt vascular injury in the abdomen occurs through 
the following mechanisms:
    1.    Rapid deceleration, as occurs in a fall from heights or a 

high-speed motor vehicle accident.   
   2.    Crush injury from direct anterior-posterior forces to the 

abdomen (i.e., seat belt, direct blow to the abdomen). 
Vascular injuries caused by crushing occur most com-
monly at the proximal renal and superior mesenteric 
arteries.   

   3.    Laceration from a bony fragment. This type of injury is 
more common in the pelvic area where iliac arteries and 
veins traverse large bony pelvic structures [ 7 ].      
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    Incidence 

 For patients undergoing exploratory laparotomy for trauma, 
the incidence of a vascular injury is 14.3 % for gunshot inju-
ries, 10 % for stab wounds, and 3 % for blunt trauma [ 4 ,  6 , 
 8 ]. The incidences of arterial and venous injuries in abdomi-
nal vascular injuries appear to be evenly divided. In a review 
of 302 abdominal vascular injuries treated at an urban trauma 
center, Asensio et al. reported a nearly equal incidence of 
arterial and venous injuries (49 and 51 %, respectively) [ 1 ]. 
In that series, the most commonly injured abdominal vessel 
was the inferior vena cava (25 %), followed by the aorta 
(21 %), iliac arteries (20 %), iliac veins (17 %), and the supe-
rior mesenteric artery (10 %).  

    Clinical Presentation 

 The clinical presentation of patients who have sustained 
abdominal vascular injury is mainly determined by whether 
the bleeding from the injured vessel is contained as a retro-
peritoneal hematoma or hemorrhages freely into the perito-
neal cavity. Patients with contained hematomas appear 
hemodynamically stable either on initial presentation or 
shortly after limited resuscitation with intravenous fl uids. 
Conversely, patients with uncontained bleeding into the peri-
toneal cavity remain severely hypotensive even after aggres-
sive volume repletion. Additional clinical factors affecting 
the clinical presentation include: specifi c vessel or vessels 
injured, extent of the injury, type of injury (i.e., thrombosis, 
transection), the presence of associated injuries, and time 
elapsed from the initial traumatic insult. Patients sustaining 
blunt trauma may present with less overt clinical signs which 
may be missed on the initial examination. Loss of a femoral 
pulse in patients with severe pelvic trauma and gross hema-
turia should alert the surgeon of the possibility of an underly-
ing vascular injury.  

    Diagnosis and Evaluation 

 The most crucial factors for the survival of patients with 
abdominal vascular injuries are rapid transport to the trauma 
center followed by prompt surgical control of the bleeding. 
The clinical status and hemodynamic parameters of the 
patient dictate the amount of time available for diagnostic 
studies. 

 Upon arrival to the trauma center, each patient should 
have a set of laboratory blood tests performed that include an 
arterial blood gas. Since the majority of patients present to 
the trauma center in extremis, the results of these laboratory 
studies may be unavailable during a critical time in the 

patient’s care which limits their value in the early diagnosis 
of an abdominal vascular injury. 

 When time allows, plain radiographs of the chest, abdo-
men, and pelvis provide valuable clinical information. In 
penetrating trauma, plain fi lms can detail the bullet trajectory 
and location. For patients sustaining blunt traumatic injuries, 
plain radiographs detect signifi cant bony fracture fragments 
and displacements, particularly pelvic fractures, which may 
injure retroperitoneal vessels. 

 Computerized tomography (CT) scans have little or no 
clinical value in the early management of hemodynamically 
abnormal patients with suspected abdominal vascular trauma 
due to penetrating injury. In the stable patient, elective 
contrast- enhanced CT scans can identify arteriovenous fi stu-
las and false aneurysms. In blunt trauma, CT scans are useful 
to evaluate for retroperitoneal hematomas, vessel occlusions, 
and false aneurysms and to document renal morphology and 
function in patients with suspected renal artery injury [ 7 ].  

    Surgical Management 

    Emergency Department 

 On arrival in the emergency department, all trauma patients 
should be evaluated according to the Advanced Trauma Life 
Support protocols. Securing the airway, placing large-bore 
venous access, nasogastric tube and Foley catheter insertion, 
and intravenous fl uid administration with balanced saline 
solutions are the tenets of early resuscitative measures. Of 
special note, a suspected abdominal vascular injury man-
dates that venous access be placed in the upper extremities. 
Hemorrhagic or thrombotic injuries to the iliac veins or 
 inferior vena cava may impair the delivery of fl uid given 
through resuscitation lines placed in the femoral vein. 
Additionally, should the need for venous cross-clamping 
arise intraoperatively, intravenous fl uid infusion through the 
ipsilateral femoral line would be interrupted. 

 Ideally, all patients presenting in extremis should be 
quickly transported to the operating room for defi nitive sur-
gical treatment. Some patients have injuries that will be fatal 
without immediate intervention in the form of an emergency 
department (ED) thoracotomy. According to the American 
College of Surgeons Committee on Trauma, ED thoracot-
omy has little value in blunt trauma and should only be per-
formed if the patient has a witnessed cardiopulmonary arrest. 
Although ED thoracotomy is recommended for penetrating 
cardiac and thoracic injuries, it is most successful in patients 
with penetrating cardiac injuries who have signs of life. If 
the patient has a known exsanguinating abdominal vascular 
injury, regardless of mechanism, ED thoracotomy should be 
performed only if the patient cannot be immediately trans-
ferred to the operating room. Cross-clamping the descending 
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thoracic aorta with open cardiac massage may abate intra- 
abdominal hemorrhage and allow for redistribution of the 
remaining intravascular volume to coronary and cerebrovas-
cular beds [ 9 – 11 ]. The survival rate for patients with abdom-
inal vascular injuries that undergo an ED thoracotomy is 
approximately 2 % [ 3 ].  

    Operating Room 

 In the operating room, all steps to prevent hypothermia 
should be instituted. Warming blankets, warming mattresses, 
heated intravenous fl uids, and elevated ambient room tem-
perature can help minimize the harmful effects of 
hypothermia. 

 Surgical preparation should extend from the mid torso to 
the knees. Including the proximal thigh in the surgical fi eld 
ensures availability of an autogenous venous conduit should 
the need arise (great saphenous or femoral vein). Exploration 
of the abdomen begins with a generous midline abdominal 
incision extending from the xiphoid to the symphysis pubis. 
Initial efforts should focus on immediate control of life- 
threatening hemorrhage followed by containment of leaking 
gastrointestinal contents. Should any diffi culty arise in 
obtaining control of the hemorrhage or if a cardiac arrest 
occurs early in the abdominal exploration, a left anterolateral 
thoracotomy with aortic cross-clamping must be performed 
expeditiously. 

 Control of the exsanguinating hemorrhage allows a sys-
tematic evaluation for vascular injury based on the three ana-
tomic zones of the abdominal cavity (Fig.  15.1 ). Zone 1 
begins at the aortic hiatus and ends at the sacral promontory 
throughout the midline of the abdomen. Zone 1 is subdivided 
into Zone 1 supramesocolic and Zone 1 inframesocolic. The 
supramesocolic Zone 1 contains the suprarenal aorta and its 
major branches, the celiac axis, superior mesenteric artery, 
renal arteries, the supramesocolic inferior vena cava, and the 
superior mesenteric vein. The inframesocolic Zone 1 con-
tains the infrarenal aorta and inferior vena cava.    The right 
and left Zone 2 areas each contains the kidneys, paracolic 
gutters, and renal vessels. Zone 3 begins at the sacral prom-
ontory and encompasses the pelvis with the iliac arteries and 
veins [ 4 ,  5 ,  12 ,  13 ]. The portal-retrohepatic region is occa-
sionally referred to as Zone 4 and contains the portal vein, 
hepatic artery, and retrohepatic vena cava [ 7 ].

   All surgeons involved in the operative management of 
trauma patients must be familiar with the anatomic zones and 
exposure techniques for each area. Any retroperitoneal hema-
toma caused by a penetrating injury should be explored 
regardless of the zone. The one possible exception to this rule 
is a Zone 4 hematoma that is stable and small (Table  15.1 ). In 
contrast, most retroperitoneal hematomas caused by blunt 
trauma do not require exploration. In particular, blunt injury 

to Zone 2 and Zone 3 should only be explored if there is a 
pulsatile or expanding hematoma or an absent femoral pulse. 
In addition, any evidence of bowel ischemia necessitates 
exploration of the associated hematoma.

   Exposure of the contents in the supramesocolic Zone 1 is 
best accomplished by left-sided medial visceral rotation 
(Fig.  15.2 ). This maneuver fi rst requires incising along the 
avascular line of Toldt in the left colon and the lienosplenic 
ligament. The left colon, spleen, tail and body of the pan-
creas, and stomach are rotated medially, exposing the aortic 
hiatus, origins of the celiac axis, superior mesenteric artery, 
and left renal artery [ 1 ,  4 ,  5 ].

   For exposure of the inframesocolic Zone 1 contents, the 
transverse colon should be retracted cephalad. The small 
bowel is then eviscerated towards the right upper quadrant 
and the ligament of Treitz is incised. As the retroperitoneum 
is opened, the left renal vein must be identifi ed to prevent 
iatrogenic injury. The remainder of the retroperitoneum is 
opened inferiorly along the center of the aorta until the aortic 
bifurcation is reached. The inferior mesenteric artery should 
be located towards the left side of the aorta approximately 
2 cm above the bifurcation. For exposure of the infrarenal 
IVC, incision of the avascular line of Toldt in the right colon 

  Fig. 15.1    Three anatomic zones of the retroperitoneal space       
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is combined with a Kocher maneuver that sweeps the pan-
creas and duodenum to the left on a superior mesenteric 
artery pedicle [ 1 ,  4 ,  5 ]. 

 Zone 2 exposures differ slightly for left-sided and right- 
sided approaches. On the right, the ascending colon is mobi-
lized from the cecum to the hepatic fl exure and combined 
with a Kocher maneuver (Fig.  15.3 ). With the infrarenal IVC 
exposed, the dissection continues cephalad along the right 
side of the IVC until the right renal vein is identifi ed. 
Dissection posterior and superior to the right renal vein will 
expose the right renal artery [ 1 ,  4 ,  5 ].

   On the left side, the descending colon and splenic fl ex-
ure are mobilized and the small bowel is retracted towards 
the right upper quadrant. The ligament of Treitz is incised 
after elevation of the transverse colon, similar to the expo-
sure for the Zone 1 inframesocolic aorta. After transection 
of the ligament of Treitz, the left renal vein should be 

i dentifi ed as it crosses the aorta anteriorly. The left renal 
artery will typically lay posterior and superior to the left 
renal vein [ 1 ,  4 ,  5 ]. 

 Zone 3 vessel exposure should begin by incising the lines 
of Toldt for the left and right colon and sweeping the colons 
medially. The common iliac arteries and veins will be directly 
posterior once the retroperitoneum is incised. Care must be 
taken to avoid iatrogenic injury to the ureter as it traverses 
anterior to the distal common iliac artery. 

 After adequate exposure and hemostatic control, the 
injury can be classifi ed according to the American Association 
for the Surgery of Trauma Organ Injury Scale (AAST-OIS) 
for vascular injuries scoring method (Table  15.2 ). The AAST-
OIS grade of vascular injury correlates with mortality rates: 
25 % mortality for Grade II, 32 % for Grade III, 65 % for 
Grade IV, and 88 % for Grade V injuries [ 3 ].

   Table 15.1    Management of injury by zone and mechanism   

 Zone 

 Mechanism  1  2  3  4 

 Blunt  Explore if pulsatile, 
expanding hematoma, 
evidence of ischemia 

 Explore if pulsatile or 
expanding hematoma 

 Explore if expanding hematoma 
or absent femoral pulse/evidence 
of lower extremity ischemia 

 Explore only if expanding 

 Penetrating  Explore  Explore  Explore  Explore unless stable, 
small, and non-expanding 

  Fig. 15.2    Left medial visceral rotation       

  Fig. 15.3    Right medial visceral rotation       
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   Vascular control also provides the opportunity to 
thoroughly assess the extent of arterial injury and venous 
damage before proceeding with defi nitive repair. The fi rst 
step involves debriding all macroscopically injured or con-
tused tissue present on the injured vessel to insure the integ-
rity of the vascular repair. In both blunt and penetrating 
traumatic injuries, the level of intimal damage can extend far 
beyond the obvious area of injury. Fogarty catheters should 
be passed gently, both proximal and distal to the arterial 
injury to remove any intraluminal thrombus. It is extremely 
important not to overinfl ate the balloon which could damage 
the endothelial lining causing arterial spasm or thrombosis. 
Liberal irrigation with heparinized saline and injury repair 
with monofi lament suture are recommended. If possible, an 
autogenous vascular reconstruction is preferred especially in 
the presence of bowel injury and contamination. Repair with 
a prosthetic graft may be the only practical option for inju-
ries to large-diameter vessels (i.e., aorta, IVC). If the repair 
requires prolonged clamping of the aorta or iliac vessels, sys-
temic heparin should be considered as long as concomitant 
injuries do not preclude its use.   

    Specifi c Injuries 

    Abdominal Aorta 

 Traumatic injuries to the abdominal aorta result from 
p enetrating trauma in the vast majority of cases and blunt 
trauma in rare cases [ 14 ]. In a review of 129 penetrating 
abdominal aortic injuries, 50 % were infrarenal, 25 % supra-
celiac, and 25 % visceral aorta [ 15 ]. Clinical presentation of 
the patients depends on the type of injury, the time elapsed 
from the time of injury, the location and number of associ-
ated injuries, and most importantly, whether the bleeding is 
contained by the retroperitoneum. 

 Exposure to the supraceliac and visceral aorta involves 
rotation of the left colon, spleen, pancreas tail, and small 
bowel to the left, as described for Zone 1 supramesocolic 
retroperitoneal hematomas. Division of the diaphragmatic 
crura allows additional exposure of the inferior descending 
thoracic aorta. For injuries at or above the celiac artery,  aortic 
exposure and cross-clamping via a left anterolateral thora-
cotomy may be required. Exposure to the infrarenal aorta is 
the same as Zone 1 inframesocolic retroperitoneal hematoma. 
Briefl y, the transverse colon is elevated cephalad, the small 
bowel mobilized to the right upper quadrant, the ligament of 
Treitz incised, and the retroperitoneum opened. 

 Surgical repair should be performed with monofi lament 
nonabsorbable suture. In cases of side-wall aortic injuries, 
lateral aortorrhaphy is the primary repair technique. If pri-
mary repair causes concentric narrowing, patch angioplasty 
with bovine pericardium is a suitable alternative, especially 
in the presence of bowel contamination. In emergent situa-
tions, aortic replacement with prosthetic graft is the most 
practical option. If possible, omental tissue should be placed 
between the aortic graft and surrounding viscera. In cases of 
delayed presentation of aortic injury, consideration should be 
given to aortic replacement with femoral vein harvested from 
the thigh or cryopreserved aorta [ 16 ,  17 ].  

    Celiac Artery 

 As the fi rst major branch of the abdominal aorta, the celiac 
artery emerges directly anterior from the aorta for 1–2 cm 
before trifurcating in to the left gastric, common hepatic and 
splenic arteries. Similar to the aorta, the most common 
mechanism of injury is penetrating trauma. Exposure of the 
celiac artery trunk requires a left medial visceral rotation 
similar to the supraceliac aorta exposure technique. 
Alternatively, caudad traction on the stomach and entry into 
the lesser sac allows visualization of the celiac artery and the 
three proximal branches. Ligation of the main trunk of the 
celiac artery is well tolerated and the treatment of choice. 

   Table 15.2    American Association for the Surgery of Trauma Organ 
Injury Scale for vascular injuries   

 OIS grade  Artery injured  Vein injured 

 I  No named superior 
mesenteric branches 

 No named superior 
mesenteric branches 

 No named inferior 
mesenteric branches 

 No named inferior 
mesenteric branches 

 Phrenic  Phrenic 
 Lumbar  Lumbar 
 Gonadal  Gonadal 
 Ovarian  Ovarian 
 Small no named branches 
requiring ligation 

 Small no named branches 
requiring ligation 

 II  Hepatic  Splenic 
 Splenic  Inferior mesenteric 
 Gastric 
 Gastroduodenal 
 Inferior mesenteric 
 Primary named vessels of 
superior mesenteric 

 III  Renal  Superior mesenteric 
 Iliac  Renal 
 Hypogastric  Iliac 

 Hypogastric 
 Vena cava (infrarenal) 

 IV  Superior mesenteric (trunk)  Vena cava (infrahepatic) 
 Celiac axis 
 Aorta (infrarenal) 

 V  Aorta (suprarenal)  Vena cava (suprahepatic) 
 Vena cava (retrohepatic) 
 Portal 
 Hepatic (extrahepatic) 
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Ligation is also the preferred treatment method for each 
 trifurcation branch because rich collateral or alternative 
source of perfusion (portal vein) is present for each end 
organ supplied by the celiac branches.  

    Superior Mesenteric Artery 

 Penetrating trauma causes most injuries to the superior mes-
enteric artery (SMA), while blunt trauma accounts for 
10–20 % of injuries to the SMA [ 18 ,  19 ]. Clinical presenta-
tion of the patient sustaining an injury to the SMA varies 
from shock secondary to massive intraperitoneal hemorrhage 
to ischemic bowel secondary to thrombosis of the artery. 
Superior mesenteric artery injuries are divided into the fol-
lowing four anatomic zones [ 7 ]:
•    Zone 1: aortic origin to the inferior pancreaticoduodenal 

branch  
•   Zone 2: inferior pancreaticoduodenal artery to middle 

colic artery  
•   Zone 3: distal to middle colic artery  
•   Zone 4: segmental intestinal branches    

 Exposure of the SMA differs slightly for each zone. Left 
visceral rotation provides clear exposure to Zone 1 of the 
retropancreatic SMA. Zone 2 SMA exposure requires eleva-
tion of the inferior border of the pancreas or careful dissec-
tion to the right of the ligament of Treitz combined with a 
Kocher maneuver. Dissection directly through the mesentery 
identifi es the Zones 3 and 4 SMA segments. 

 In general, ligation of SMA injuries in Zones 1 and 2 
leads to signifi cant ischemia of the entire small bowel and 
right colon. Ligation of Zones 3 and 4 SMA injuries compro-
mises perfusion to the segment of the small bowel supplied 
by the arterial arcade ligated. Ligation of any SMA segment 
should only be considered if bowel ischemia is already pres-
ent at the time of surgery [ 7 ]. Forty percent of injuries to the 
SMA only require a primary side-wall repair [ 20 ]. Injuries 
requiring complete replacement should be addressed with an 
autogenous interposition graft (great saphenous vein). 
Although prosthetic grafts can be effective, an all autoge-
nous reconstruction is preferred in cases with extensive gas-
trointestinal spillage. Concomitant bowel resection mandates 
a planned “second-look” laparotomy 24–48 h later.  

    Renal Artery 

 Renal artery injuries may occur in both penetrating and blunt 
trauma. The renal artery is the most commonly injured 
abdominal vessel in blunt trauma with the left renal artery 
being injured slightly more often than the right [ 21 ,  22 ]. The 
hilum of each renal artery is accessible by midline retroperi-
toneal exposure similar to Zone 2 inframesocolic dissection. 
For the left renal vasculature, a left visceral rotation allows 

complete exposure of the renal hilum and parenchyma. 
On the right side, mobilization of the right colon combined 
with a Kocher maneuver provides excellent visualization of 
the renal system. 

 Management of renovascular trauma varies according to 
the mechanism of injury and clinical presentation after 
injury. In penetrating trauma, the diagnosis of renovascular 
injury is usually made intraoperatively. Zone 2 retroperito-
neal hematomas secondary to penetrating trauma warrant 
exploration with the possible exception of hematomas lateral 
to the hilum [ 23 ]. For renovascular injuries due to blunt 
trauma, the diagnosis is also made intraoperatively in the 
unstable patient. In this situation, only expanding Zone 2 ret-
roperitoneal hematomas warrant exploration. In the stable 
trauma patient, a CT scan allows excellent visualization of 
renovascular injuries and has the benefi t of contralateral kid-
ney assessment. Once the severity of renal injury is deter-
mined, the treatment algorithm includes open repair, 
endovascular intervention, or nonoperative management. 
Sangthong et al. reviewed patients with blunt renal artery 
injuries from the National Trauma Data Bank, which is 
maintained by the Committee on Trauma of the American 
College of Surgeons. Only 9 % of the 517 patients with a 
renal artery injury due to blunt trauma underwent revascular-
ization. Of the remaining cases, 73 % had no kidney explora-
tion and 18 % had an immediate nephrectomy. In the group 
of 87 patients with isolated renal artery injuries, 8 % under-
went revascularization, 8 % had early nephrectomy, and 
84 % were observed [ 22 ]. Nonoperative management should 
include follow-up for delayed onset of injury-induced reno-
vascular hypertension [ 21 ,  24 ,  25 ]. Based on the recent 
 success with endovascular management, the authors strongly 
suggest the endovascular treatment pathway over nonopera-
tive management if feasible [ 26 – 28 ]. 

 General considerations for renal artery repair hinge on the 
elapsed time from the initial injury and the status of contra-
lateral kidney. Six hours of warm ischemia approaches the 
limit of tolerance for renal salvage; however, bilateral inju-
ries should extend the time constraints [ 7 ]. Interposition 
grafting with an autogenous conduit is preferred, while direct 
arteriorrhaphy and patch angioplasty are both reasonable 
alternatives.  

    Iliac Artery 

 The iliac arteries begin their course through the pelvis at the 
level of the aortic bifurcation, typically at the fourth lumbar 
vertebra. Penetrating trauma is the most common mecha-
nism of injury for iliac arteries which are not very suscepti-
ble to blunt traumatic forces. Blunt trauma can cause a 
thrombotic injury when severe pelvic fractures disrupt the 
arterial intima. All hematomas due to penetrating trauma 
warrant exploration. In blunt trauma, hematomas that are 
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expanding or those associated with an absent femoral pulse 
require exploration. Exposure of both iliac arteries is as 
described for Zone 3 retroperitoneal hematomas with addi-
tional exposure gained by extending the midline incision 
towards the groin and dividing the inguinal ligament [ 29 ]. 
Even in the presence of hemorrhage, meticulous dissection is 
mandatory during operative management of the iliac arteries 
to avoid iatrogenic injury to the ureter and iliac veins. 

 Small lacerations can be repaired directly, while interpo-
sition prosthetic grafting is preferred for larger disruptions 
and thrombotic injuries. Debate continues over the use of 
prosthetic graft for iliac artery repair in the presence of bowel 
contamination. Although direct bypass with a prosthetic 
graft offers a straightforward and expeditious repair, the risk 
of graft infection never completely subsides. The authors 
still favor minimizing the risk of infection by following the 
more conservative approach of extra-anatomic bypass in the 
setting of extensive fecal contamination [ 30 ].  

    Inferior Vena Cava 

 Originating at the level of the fi fth lumbar vertebra, the 
 inferior vena cava (IVC) ascends along the right side of the 
abdominal aorta, passing anterior to the right renal artery 
before traveling behind the liver and perforating the dia-
phragm. The intrathoracic portion is short, extending approx-
imately 2.5 cm above the diaphragm before joining the right 
atrium. The IVC is one of the most commonly injured ves-
sels in abdominal vascular trauma usually from penetrating 
trauma [ 1 ,  7 ,  31 ]. Depending on the location, injuries to this 
vessel have a mortality rate exceeding 50 %, with some 
reports as high as 75 % [ 1 ,  31 ]. 

 As with the aorta, all penetrating injuries to the retro-
peritoneal zones should be explored, with the possible 
exception of a non-expanding retrohepatic hematoma in a 
hemodynamically stable patient [ 7 ]. Although medializing 
the right colon alone can expose the infrarenal IVC, full 
exposure up to and including the suprarenal portion requires 
a complete right medial-visceral rotation with the Kocher 
maneuver. 

 Retrohepatic vena cava injuries represent extremely chal-
lenging injuries to control and repair and are nearly univer-
sally fatal. These injuries usually require hepatic vascular 
isolation which involves cross-clamping the supraceliac 
aorta, followed by isolation and control of the portal triad, 
infrahepatic IVC, and suprahepatic IVC. Extension of the 
incision with an additional subcostal incision or a thoracotomy 
is often necessary. In some cases, an atriocaval shunt can be 
used for hemostatic control. The technique for an atriocaval 
shunt includes a sternotomy to expose the right atrium for 
placement of the tube. The tube (large-bore thoracostomy 
tube or endotracheal tube) should be passed through a 
 purse-string suture in the right atrial appendage and should 

be clamped proximally with side holes that line up inside the 
right atrium. The tube is then advanced inferiorly into the 
IVC and the suprahepatic and infrahepatic IVC can then be 
constrained around the tube using umbilical tapes [ 32 ]. 

 Venorrhaphy for injuries to the IVC should be performed 
with nonabsorbable monofi lament suture. Anterior lacera-
tions should be repaired in a transverse fashion when possi-
ble to minimize vessel narrowing. If a posterior perforation 
is visualized and accessible through an extended anterior 
perforation, it can be repaired from inside the IVC. Vascular 
control of the IVC is best achieved with compression using 
sponge sticks or manual pressure, if possible, to prevent fur-
ther damage by attempting to clamp the injured, thin-walled 
vessel. In hemodynamically unstable patients with extensive 
injury to the infrarenal IVC, ligation is an option but may 
result in signifi cant morbidity. Ligation of the suprarenal 
IVC should be avoided, as it runs the risk of the patient 
requiring permanent hemodialysis, although limited data 
exists due to the high mortality in this patient population. It 
is important to wrap and elevate the extremities in a patient 
after ligation and observe the patient carefully for lower 
extremity compartment syndrome. In a recent study of 100 
patients who had IVC injuries, 25 % underwent ligation (22 
infrarenal, 3 juxtarenal/suprarenal) [ 31 ]. Overall mortality 
was signifi cantly higher in patients who underwent ligation 
compared to those who underwent repair (59 % vs. 21 %). 
Patients who required IVC ligation also had a longer length 
of stay in both the hospital and the intensive care unit and a 
greater need for lower extremity fasciotomy. Interestingly, 
none of the patients who survived to discharge had more than 
trace edema of the lower extremities at an average follow-up 
of 42 months. Of note, the one patient who survived ligation 
of the juxtarenal IVC developed acute renal failure requiring 
temporary dialysis that resolved prior to discharge from the 
hospital.  

    Portal Vein 

 The portal vein is located at the level of the second lumbar 
vertebra and originates posterior to the neck of the pancreas 
at the confl uence of the splenic vein and the superior mesen-
teric vein. It then passes through the hepatoduodenal ligament 
posterior to and between the common bile duct and the 
hepatic artery. 

 Injury to the portal vein is often associated with other 
vascular injuries, and management and survival depend on 
the location and extent of these injuries. Because portal 
vein injury rarely occurs in isolation, precise survival data 
is diffi cult to apply. In most reports, the mortality of patients 
sustaining a traumatic injury to the portal vein exceeds 
50 % [ 33 ,  34 ]. 

 Exposure of the portal vein requires medial rotation of the 
right colon and Kocher maneuver, and the Pringle maneuver 
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can help achieve vascular control. If the injury involves the 
confl uence or the retropancreatic portion, division of the 
pancreas may be required for proper visualization. 

 Venorrhaphy is preferred when possible. In the event of 
injury to the hepatic artery, repairing the portal vein should 
be attempted in order to restore hepatic perfusion. Extensive 
injury to the portal vein may require an interposition vein 
graft (great saphenous or internal jugular). Although ligation 
can be considered as a damage control maneuver if the 
hepatic artery is not injured, ligating the portal vein can lead 
to signifi cant bowel edema and possibly bowel ischemia [ 34 ]. 
These cases warrant a second-look operation and aggressive 
volume resuscitation.  

    Superior Mesenteric Vein 

 The superior mesenteric vein (SMV) begins in the right iliac 
fossa and travels through the mesentery to the right of the 
SMA. It then passes anterior to the duodenum and posterior 
to the neck of the pancreas where it joins the splenic vein to 
become the portal vein. 

 Injury to the SMV is uncommon and usually accompa-
nied by severe associated injuries due to its proximity to 
other major abdominal organs and vessels [ 34 ,  35 ]. As with 
the portal vein, proper exposure may require division of the 
pancreas. 

 Although lateral venorrhaphy is the ideal treatment for 
SMV injuries, in many cases, the only viable option will be 
ligation. Manual compression of the vein can be performed 
to maintain hemostasis during surgical repair. As with portal 
vein ligation, life-saving treatment by ligation of the SMV 
may lead to venous gangrene of the bowel highlighting the 
importance of aggressive resuscitation and a second-look 
operation. In one retrospective study of 51 patients with 
SMV injury, 59 % underwent ligation and 31 % underwent 
primary repair, while 10 % died before any defi nitive repair 
could be achieved [ 35 ]. Survival was 47 % overall and 53 % 
with isolated SMV injury, with the majority of mortalities 
occurring in the operating room. Survival was better in the 
repair group (63 % vs. 40 %), but the ligation group also had 
a much higher number of associated vascular and  nonvascular 
injuries. None of the surviving patients developed bowel 
necrosis.  

    Renal Veins 

 The renal veins are located anterior to the renal arteries. The 
left renal vein passes below the origin of the SMA anterior to 
the aorta to reach the IVC slightly superior to the right renal 
vein. Exposure of the right renal vein involves medial rota-
tion of the right colon with a Kocher maneuver, while the left 
renal vein can be visualized with a left-sided medial-visceral 

rotation. Lateral venorrhaphy is ideal for repairing injuries to 
the renal veins. Ligation of the left renal vein at the vena cava 
is tolerated due to collateral circulation via lumbar, adrenal, 
and gonadal veins. Ligation of the right renal vein requires a 
concomitant nephrectomy.  

    Iliac Veins 

 The internal iliac and the external iliac veins come together 
to form the common iliac veins at the sacroiliac articulation. 
The left common iliac vein is longer and travels in a more 
oblique direction than the right, starting medial to the left 
common iliac artery and then passing behind the right com-
mon iliac artery. The left common iliac vein then joins the 
right common iliac vein – which is posterior and lateral to 
the right common iliac artery – to form the inferior vena cava 
at about the level of the fi fth lumbar vertebra. 

 As with the iliac arteries, the most common mechanism 
of injury is penetrating trauma. Blunt trauma alone is much 
less likely to result in an iliac vein injury, but when it does, it 
is usually associated with a pelvic fracture. Approximately 
26 % of patients with iliac vascular injuries have both venous 
and arterial injuries [ 7 ]. Exposure of the veins, particularly 
at their confl uence, is more diffi cult than that of the arteries 
due to their posterior location relative to the arteries. 
Depending on the location of the injury, mobilization of the 
left and/or right colon medially will provide visualization of 
the iliac vessels. 

 In general, ligating the injured iliac vein is safe and should 
be performed if the patient is hemodynamically unstable or it 
is not feasible to repair the vein. After iliac vein ligation, 
patients may develop transient leg edema and they should be 
monitored closely for signs of compartment syndrome, espe-
cially if the iliac artery was also injured. Primary venorrhaphy 
is a reasonable option if it can be performed without creating 
a hemodynamically signifi cant stenosis. Venous injury and 
repair increases the risk of deep vein thrombosis (DVT), and 
postoperative DVT prophylaxis is advised when it is not con-
traindicated by other injuries. There is no indication for the 
use of therapeutic anticoagulation in this setting unless a 
DVT has been documented. Survival after iliac vein injury 
approaches 70 % and may be higher when isolated from 
other vascular injuries [ 33 ].   

    Damage Control 

 Damage control, or “bail out” as originally described by Stone 
et al., is the technique of using rapid, temporary measures to 
maintain life without undertaking defi nitive repair. Damage 
control maneuvers include: intraluminal shunting for vascular 
injuries, abdominal wall closure with prosthetic bridge, ligation 
of venous injuries, and packing of retroperitoneal bleeding. 
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These measures attempt to minimize the deleterious effects of 
hypothermia, coagulopathy, and bowel edema which accom-
pany prolonged life-saving explorations of the abdomen. The 
usual clinical scenario for damage control consists of coagu-
lopathy, temperature less than 35 °C, base defi cit greater than 
15 mmol/L, and bowel edema [ 7 ]. Current recommendations 
advise initiating damage control before the aforementioned 
physiological endpoints are reached, especially in elderly 
trauma victims and in rural settings with limited resources. 

 Temporary intraluminal shunting plays an important role 
when defi nitive vascular repair must be delayed to address 
associated life-threatening injuries [ 36 ,  37 ]. Temporary 
intraluminal shunting restores organ perfusion and decreases 
the risk of ischemic damage and distal thrombosis. Military 
literature extensively documents temporary intraluminal 
shunting in lower extremity trauma; however, the same tech-
niques may apply to abdominal vascular trauma. In a report 
on the military’s experience over 1 year during Operation 
Iraqi Freedom, the majority of temporary intraluminal shunts 
were in place for less than 2 h; however, patency was noted 
in proximal extremity arteries for 18 h without the use of 
systemic heparin [ 38 ]. Any sterile tubing can be used as a 
temporary shunt, but carotid artery shunts are the most ame-
nable for this application.  

    Conclusion 

 The abdomen contains several large-diameter blood vessels 
in close proximity to each other and other abdominal organs. 
Blunt or penetrating trauma can injure one or multiple ves-
sels causing potentially fatal hemorrhage. Defying the high 
mortality rates associated with abdominal vascular trauma 
requires rapid transport to a trauma center, prompt recogni-
tion of the injuries, and expert surgical intervention to  control 
bleeding. Knowledge of abdominal anatomy and vascular 
exposure techniques can help surgeons control and repair 
these technically challenging injuries. Practical surgical 
judgment plays an important role in the management of 
 complicated injuries characterized by persistent hemody-
namic instability, extensive vessel damage, or widespread 
enteric contamination. These clinical scenarios may call for 
adjunctive maneuvers including damage control laparotomy, 
temporary intraluminal shunting, and extra-anatomic vascular 
reconstruction.     
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           Introduction 

    Trauma to the extremities constitutes one of the most com-
mon injury patterns seen in the emergency department and 
surgical practices. In the evaluation of these injuries, all of 
the functional components of the affected limb (nerves, 
bone, soft tissue, and vascular structures) must be considered 
both individually and as a unit. Complications from these 
injuries, particularly those of advanced severity, are com-
mon. Early recognition and treatment are important in the 
optimization of outcome.  

    Epidemiology 

 The potential etiologies of extremity vascular injuries are 
diverse. The mechanisms contributing to these injuries 
include blunt and penetrating trauma and even iatrogenic 
injury. Severe injuries, or those encountered in the setting 
of military confl ict, are often combined in nature [ 1 ,  2 ]. 

Regardless of the setting in which they are encountered, 
penetrating injuries with a signifi cant blunt component are 
much more likely to be associated with open fracture and 
nerve, soft tissue, and vascular injury. 

 The majority of extremity vascular injuries in the civilian 
setting are due to blunt trauma. Civilian extremity injuries 
occur most often due to falls (50–60 % of lower extremity 
injuries and 30 % of upper extremity injuries), industrial or 
work-related accidents (up to 20 % of upper extremity inju-
ries), and motor vehicle crashes [ 3 ]. Among civilians with 
nonfatal trauma, upper and lower extremity injuries are the 
most common reason for hospitalization. More than one- 
third of those hospitalized will have serious or limb- 
threatening injuries [ 3 ,  4 ]. 

 Extremity injuries are particularly common among 
 casualties of armed or military confl ict. Approximately 50 % 
of wartime injuries recorded in the Department of Defense’s 
Trauma Registry of data from contemporary military casual-
ties involve the extremities [ 5 ,  6 ]. Most extremity wounds 
experienced during combat have a penetrating component, as 
they typically result from explosions or gunshot wounds. 
Only 2 % of extremity injuries during combat are due to iso-
lated blunt trauma [ 5 ]. 

 Among civilian patients with extremity fractures, associ-
ated vascular injuries occur in less than 1 % of cases [ 7 ]. The 
risk of vascular injury increases with increasing injury sever-
ity. In retrospective reviews, the incidence of vascular injury 
was cited as 5 % for severe extremity fractures [ 8 ]. Among 
patients with arterial injury, bony injuries may be present in 
over 40 % of patients, according to one recent 5-year review 
[ 8 ]. In the same study, venous injuries were documented in 
20 % of patients studied.  

    Initial Evaluation and Management 

 Initial evaluation of patients with extremity vascular trauma 
requires rapid assessment and immediate treatment of life- 
threatening injuries. Following the protocols developed by 
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the Advanced Trauma Life Support (ATLS®) program [ 9 ] as 
part of the American College of Surgeons, Committee on 
Trauma will optimize patient outcomes following trauma. 
A signifi cant advance stemming from experience in the 
wars in Afghanistan and Iraq has been maturation of point of 
injury care guidelines by the military’s Committee on 
Tactical Combat Casualty Care, or CoTCCC [ 10 ]. These 
strategies outline specifi c steps for fi rst responders or medics 
to take to stabilize a complex extremity injury including spe-
cifi c adjuncts such as tourniquets and topical hemostatic 
agents to control bleeding. 

    Control of Hemorrhage 

 External bleeding from an extremity injury represents an 
emergent threat to life. Initial control is best obtained with 
the effective utilization of direct pressure. Because pro-
longed application of direct pressure is problematic in the 
context of patient transport and the care of multisystem 
injury, consideration for alternative hemorrhage control 
adjuncts should be entertained. Approaches that have been 
utilized include topical agents, external compression clamps, 
and endovascular occlusion devices. These methods are not, 
however, widely utilized and are not presently endorsed by 
the American College of Surgeons in the current version of 
the ATLS curriculum. Other methods include direct clamp-
ing of visible bleeding vessels and tourniquets. Blind clamp-
ing of vessels that are not clearly visible should be avoided. 

 Although it is not novel, tourniquet utilization has increas-
ingly been included in algorithms for control of life- 
threatening hemorrhage from extremity vascular injuries. 
Pneumatic tourniquet utilization is a well-established prac-
tice of vascular surgery and can effectively be used in the 
hospital setting to stop extremity bleeding en route to more 
defi nitive vascular control. A variety of mechanical tourni-
quet devices are also available for use. These devices have 
demonstrated their value very well in the recent military 
experiences in Iraq and Afghanistan and have low associated 
risks of ischemia and neurologic complications [ 11 – 13 ]. The 
Combat Application Tourniquet (CAT), Emergency and 
Medical Tourniquet (EMT), and the Special Operations 
Forces Tactical Tourniquet (SOFTT) meet the effectiveness 
standard of the US military by occluding distal fl ow in over 
80 % of subjects. 

 Several recent studies provide evidence supporting the 
use of tourniquets for extremity vascular injury in the pre-
hospital environment. In a review of a combat hospital expe-
rience in Iraq, Beekley and colleagues [ 11 ] examined 165 
patients with extremity hemorrhage. Sixty-seven of these 
individuals had a tourniquet placed in the prehospital envi-
ronment. This group of researchers noted that control of 
hemorrhage signifi cantly improved with the utilization of a 

tourniquet (83.3 % vs. 60.7 %) with no difference in secondary 
amputation rate due to ischemia. Another prospective study 
of 232 combat casualties, conducted by Kragh et al. [ 12 ], 
found a signifi cantly improved survival rate (77 % vs. 0 %) 
when tourniquet use was undertaken in the early phases after 
injury. The greatest benefi t was noted for those patients who 
had a tourniquet placed in the prehospital environment. They 
also noted that tourniquet use resulted in only four nerve pal-
sies, all transient, and no amputations related to tourniquet 
use. Although these two studies demonstrate the potential for 
benefi ts of early tourniquet utilization, civilian trauma sys-
tems have only recently adopted their use. The study of civil-
ian tourniquet prehospital use remains a matter of active 
investigation.  

    Physical Exam 

 A brief extremity exam, with control of any hemorrhage, 
should be performed as part of the primary assessment of a 
trauma patient. Once other life-threatening injuries have 
been addressed, the extremity exam should be repeated in 
greater detail. Evaluation of the injured limb should pro-
ceed in an orderly fashion that includes assessment of each 
functional elements including vasculature, nerves, bones, 
and soft tissues. Appropriate radiographic tools should be 
utilized to develop a comprehensive picture of the injury 
extent and provide a framework for subsequent treatment 
considerations. 

 The vascular elements of extremity exam begin with a 
manual palpation of pulses including the femoral, popliteal, 
and pedal. During palpation, the provider should not only be 
cognizant of the presence or absence of the pulse but also its 
strength compared to the unaffected limb. In some cases, 
auscultation over the area of injury may reveal a bruit indica-
tive of a partially thrombosed or compressed vessel or an 
arteriovenous fi stula. Finally, because palpation is inherently 
subjective, the continuous wave Doppler has an important 
adjunctive role in the setting of extremity injury. In addition 
to a listening for the presence or absence of an arterial signal 
over any given extremity artery, the quality of the arterial 
signal can also be graded as strong and bi- or triphasic or 
weak and monophasic. Measurement of Doppler occlusion 
pressures in the injured extremity in relation to a non-injured 
extremity is also a valuable aspect of the physical exam and 
will be described in the following section. 

 In the setting of shock or hypothermia, the extremity vas-
cular exam (palpation and Doppler) should be repeated after 
resuscitation. Likewise, reduction of joint dislocations or 
angulated extremity fractures necessitates a repeat assess-
ment of perfusion. In one recent study of combat injuries, 
these two interventions effectively restored a palpable pulse 
to a previously ischemic limb in 74 % of patients [ 14 ]. 
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 During the pulse examination, one should be cognizant of 
both “hard” and “soft” signs of vascular injury. Hard signs 
include active hemorrhage, expanding or pulsatile hema-
toma, bruit or thrill over a given wound, absent distal pulses, 
and signs of acute extremity ischemia (pain, pallor, paralysis, 
cold to touch). In the setting of penetrating trauma, the pres-
ence of any of these hard signs is highly predictive of a vas-
cular injury requiring surgical repair. These patients should 
be taken directly to the operating room for operative man-
agement. If arteriography is required to clarify the anatomy 
of injury, it can be performed intraoperatively. 

 In the setting of blunt trauma, hard signs of vascular 
injury have a higher false-positive rate compared to penetrat-
ing trauma. In the case of a joint dislocation, reduction may 
change the pulseless limb to one with a palpable distal pulse 
and a normal arterial Doppler signal. If a pulse defi cit per-
sists after reduction and the patient is hemodynamically nor-
mal, performance of a Doppler exam including measurement 
of arterial occlusion pressures should be performed. 
Quantifying the Doppler occlusion pressure of an injured 
extremity is also referred to as an injured extremity index, or 
IEI. If this assessment is performed in the lower extremity, it 
is often referred to as an ankle brachial index, or 
ABI. Performance of the IEI and ABI will be described in 
detail in the following paragraphs. In cases where the pulse 
defi cit or abnormal IEI persists after fracture or dislocation 
reduction, computed tomography angiography (CTA) or tra-
ditional angiography can delineate the location and nature of 
the vascular injury. 

 In the absence of hard signs, the sequelae of trauma that 
raise suspicion for vascular injury constitute “soft signs” 
which include a stable hematoma or a specifi c location or 
type of orthopedic injury. Patients with “soft signs” require a 
vascular exam and determination of the IEI. Measuring 
extremity Doppler occlusion pressures is an extension of a 
thorough physical exam and equivalent to measuring the 
ABI during evaluation of chronic limb ischemia resulting 
from vascular disease. This aspect of the exam requires a 
continuous wave Doppler and a manual blood pressure cuff. 
The cuff is placed on the extremity proximal to the vessel 
under Doppler evaluation (e.g., dorsalis pedis, posterior tib-
ial, brachial, radial, or ulnar artery). The cuff is then slowly 
infl ated until the Doppler signal is obliterated and then 
slowly defl ated until the Doppler signal returns. The pressure 
at which the Doppler arterial signal returns is then recorded. 
This technique is repeated on the uninjured, contralateral 
extremity. The IEI is the ratio of the highest occlusion pres-
sure measured in the injured extremity divided by the occlu-
sion pressure measured in an uninjured extremity. As an 
example, for an injured upper extremity, the higher arterial 
occlusion pressure between the radial and ulnar artery in the 
injured extremity would be divided by the occlusion pressure 
of the contralateral brachial artery. 

 A normal IEI is 0.9 or greater and has a high negative 
predictive value for arterial injury. In most instances, patients 
who have an injured extremity with a normal IEI can be 
safely managed without additional vascular imaging. An IEI 
of less than 0.9 is abnormal and indicative of a fl ow-limiting 
injury in the limb. It is important to note that measurement of 
the IEI may be repeated during the early phases of care of the 
injured patient. This is especially important in patients who 
are hypothermic or hypotensive during the initial assess-
ment. In such patients, if the initial IEI is abnormal, the exam 
should be repeated 10–15 min after resuscitation and warm-
ing. A persistent value of less than 0.9 is predictive of arterial 
injury and warrants further vascular imaging or operation.  

    Vascular Imaging 

 For patients who have a persistently abnormal IEI, vascular 
imaging options should be undertaken with consideration for 
the overall clinical status of the patient and associated inju-
ries. In patients with associated injuries to the head or torso, 
it may prove useful to combine their required CT imaging of 
these body regions with CTA of the extremity in question. 
For patients with isolated extremity injury, an individualized 
approach may be more practical and useful. Some patients 
may benefi t from immediate surgical exploration and others 
from digital subtraction arteriography (DSA) instead of a 
CTA. If the technical expertise is available, duplex ultraso-
nography is a sensitive and noninvasive method to exclude or 
characterize extremity vascular injury. In patients who are 
hemodynamically normal with only soft signs of vascular 
injury, efforts should be made to avoid refl exively ordering a 
CTA or angiography as a matter of routine. Frequently, non-
invasive tests such as IEI and duplex ultrasound followed by 
clinical observation are very effective and avoid radiation 
and contrast exposure. 

 CTA has replaced DSA in the setting as the initial evalua-
tion of choice for trauma patients with an abnormal IEI. 
The sensitivity of helical CTA with three-dimensional recon-
struction ranges from 90 to 100 %, with specifi cities of 99 % 
reported by multiple groups who have studied the subject 
[ 15 – 19 ]. Newer generation multidetector scanners have sen-
sitivity and specifi city approaching 100 % for clinically sig-
nifi cant injuries [ 18 ,  19 ]. CTA also has an advantage in 
patients with multiple injuries, as it is less invasive than con-
ventional angiography and can be performed at the same 
time as CT imaging of the head, chest, and abdomen. As a 
single study, CTA is less expensive than most conventional 
angiographic modalities [ 19 ]. 

 Despite the emergence of CTA, conventional digital sub-
traction arteriography (DSA) still plays an important role in 
the evaluation of extremity vascular injury. The advent of 
portable angiographic capabilities and advanced hybrid 
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operating suites has made DSA a useful diagnostic tool and 
therapeutic adjunct in the care of a polytrauma patient requir-
ing emergent operation [ 20 ]. In these cases, DSA can evalu-
ate for a wide range of injuries without having to move the 
patient which facilitates a more rapid exclusion or character-
ization of vascular injury. Intraoperative DSA combined 
with endovascular intervention can be both diagnostic and 
therapeutic for vascular injuries. In some cases, endovascu-
lar techniques function as an adjunct in placing a proximal 
occlusion balloon to achieve hemostatic control and facili-
tate a hybrid open repair. In other scenarios, endovascular 
therapy can provide defi nitive treatment by stenting or embo-
lizing of specifi c extremity vascular injuries. 

 Regardless of the modality used to diagnose extremity 
vascular injury, specifi c fi ndings on either CTA or DSA rep-
resent indications for treatment. These fi ndings combined 
with the physical exam and clinical status of the patient dic-
tate the timing or urgency of the required intervention. 
Specifi c fi ndings that require surgical or endovascular 
therapy include extravasation of contrast, pseudoaneurysm, 
arteriovenous fi stula, fl ow-limiting intimal fl ap, arterial 
occlusion, and distal embolism.  

    Assessment of Nonvascular Structures 
of the Extremity 

 In addition to vascular evaluation, other functional elements 
of the limb must be assessed following trauma. Nerve, bone, 
and soft tissue disruption due to trauma will, along with the 
severity of the vascular injury, determine the functional out-
come of the limb. These structures should be considered 
when planning potential operative intervention versus pri-
mary amputation. 

 In the awake and cooperative patient, a neurologic exam 
facilitates the early identifi cation of associated motor and 
sensory defi cits. In the obtunded patient, gross defi cits should 
be noted including lack of movement in all or part of an 
extremity or asymmetric movements. Detailed, ongoing 
evaluation of the extremity can detect specifi c defects attrib-
utable to peripheral nerve injury. Physical exam of the lower 
extremity should asses the function of the femoral, sciatic, 
tibial, and peroneal nerves. These nerves are most likely to 
sustain either direct or ischemic injury in the setting of lower 
extremity vascular trauma. Historically, plantar sensation 
was thought to be an indicator of lower extremity viability 
and long-term function. More recent literature suggests that 
this fi nding is not a reliable assessment, as many patients 
with an insensate foot at initial evaluation subsequently 
regain elements of function [ 21 ]. 

 Familiarity with the neurologic examination of the lower 
extremity is paramount to the successful evaluation of limb 
viability. Injury to the sciatic nerve results in decreased 

sensation of the medial thigh and weakness in hip fl exion. 
Femoral nerve trauma is associated with decreased sensa-
tion in lateral thigh and leg, weakness of hip extension, and 
loss of motor function of the leg and foot. Disruption of 
peroneal nerve function causes decreased sensation in the 
fi rst dorsal web space and foot drop. Finally, injury to the 
tibial nerve is associated with loss of sensation to the heel 
of the foot, inability to plantar fl ex the foot, and cavus 
deformity of the foot. If identifi ed on physical exam, any of 
the aforementioned injuries should be well documented 
and considered in decisions regarding limb salvage. 

 In the upper extremity, the axillary, radial, and median 
nerves are most prone to injury due to their anatomic loca-
tion. The game of “rock, paper, scissors” is a rapid and effec-
tive way to test the motor function of the median, radial, and 
ulnar nerves, respectively. The axillary nerve is particularly 
prone to injury in the context of proximal humerus fracture, 
an injury pattern which results in loss of arm abduction and 
an area of paresthesia along the lateral aspect of the upper 
arm. Radial nerve injury leads to loss of sensation on the 
dorsum of the hand and weakness of the wrist and fi nger 
extensors. Trauma to the median nerve leads to decreased 
sensation on the palmar aspect of the fi rst three digits and 
weakness of the thenar musculature. 

 Injury to soft tissue and bone must also be assessed in 
order to determine the ability to salvage severely injured 
limbs. Signifi cant soft tissue defects may be caused by mis-
sile injury and exit, tissue avulsion, or skin or muscle fl ap 
formation. Signifi cant contamination may lead to 
 considerable risk for infection and soft tissue loss. In pene-
trating injuries such as high-velocity gunshot or fragmenta-
tion wounds, a relatively small external wound may not 
refl ect the severe tissue damage hidden beneath the skin. The 
muscle compartments of the extremity must also be assessed 
for the presence of compartment syndrome. Chapter   5     out-
lines the evaluation and treatment of this entity. 

 Evaluation for orthopedic injury must also be undertaken. 
Extremity deformity, point tenderness, ecchymosis, lacera-
tion deep to the muscle fascia or near a joint, and joint laxity 
are all clinical signs of potential fracture. Plain radiography 
in the early phases of evaluation provides a means for the 
accurate assessment and characterization of bony injury. 
When misalignment is identifi ed, splinting and reduction 
should be undertaken particularly as a precursor to effective 
vascular evaluation as described previously.   

    The Mangled Extremity 

 Although mangled extremities are not common [ 22 ], they 
represent signifi cant management challenges that require 
careful consideration of complex clinical factors affecting 
outcome. Limb salvage efforts require extensive resources, 
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prolonged hospitalizations, and comprehensive rehabilitation. 
Even when successful, multiple reconstruction procedures 
may be necessary to achieve a functional result. Failed 
attempts at limb salvage are also associated with increased 
cost and adverse patient outcomes. For all these reasons, the 
decision process for the care of a mangled extremity requires 
a systematic approach that adequately considers all factors. 

 Many predictors of adverse outcome following mangled 
extremities have been identifi ed and several groups have pro-
posed the use of predictive scoring systems to determine the 
need for amputation after these injuries [ 23 – 27 ]. In 1987, 
Howe et al. [ 28 ] performed a retrospective review of 21 
injured limbs to determine which variables infl uenced sal-
vage or loss after trauma. This group found that a Predictive 
Salvage Index (PSI), consisting of weighted scoring of the 
level of vascular injury, degree of osseous injury, degree of 
muscle injury, and warm ischemia time, was 78 % sensitive 
and 100 % specifi c in predicting subsequent amputation. In 
1990, Johansen and colleagues [ 29 ] proposed the utilization 
of the Mangled Extremity Severity Score (MESS) that was 
developed through an examination of 25 patients with severe 
limb injuries. The MESS consists of four primary risk con-
siderations, including skeletal/soft tissue injury, limb isch-
emia, shock, and age. These investigators then prospectively 
validated the score in 26 severely injured limbs, concluding 
that a MESS of greater than or equal to 7 was 100 % predic-
tive of amputation. 

 A subsequent study conducted by McNamara and col-
leagues outlined the development and utilization of a nerve 
injury, ischemia, soft tissue injury, skeletal injury, shock, and 
age of patient (NISSSA) score which added consideration of 
the nerve component of injury [ 25 ]. The NISSSA score gave 
the greatest weight to the loss of plantar sensation and also 
divided tissue injury into soft tissue and skeletal compo-
nents. In 26 injured limbs, the NISSSA score was found to be 
both more sensitive (81.8 % vs. 63.6 %) and more specifi c 
(92.3 % vs. 69.2 %) than the MESS. Other scoring systems, 
including the Limb Salvage Index (LSI) proposed by Russell 
and colleagues in 1991 [ 30 ] and the Hannover Fracture Scale 
[ 31 ], have also been utilized to predict the need for amputa-
tion after trauma. 

 Larger prospective studies raised doubts regarding the 
clinical utility and validity of all the previously described 
scoring systems. In 2001, Bosse and colleagues conducted a 
prospective evaluation of available scoring systems in an 
examination of 556 high-energy lower extremity injuries 
[ 21 ]. They examined the sensitivity, specifi city, and area 
under the receiver operating characteristic curve for MESS, 
LSI, PSI, NISSSA score, and the Hannover Fracture Scale 
for both ischemic and nonischemic limbs. Their analysis was 
conducted in two ways: including and excluding limbs that 
required immediate amputation. All of the scoring systems 
demonstrated signifi cant fl aws which limit their clinical value. 

Although all systems had high specifi city for prediction of 
limb salvage when the scores were low, none of the scoring 
systems proved to be a valid predictor of the need for ampu-
tation. Ly and the LEAP study group [ 32 ] followed this 
investigation in 2008 with an analysis of a cohort who par-
ticipated in a multicenter prospective study of clinical and 
functional outcomes after high-energy lower extremity 
trauma. They examined 407 subjects for whom reconstruc-
tion was considered successful at 6 months and found that 
none of the retrospectively validated scoring systems (MESS, 
LSI, PSI, NISSSA score, or the Hannover Fracture Scale) 
were predictive of the functional status (as measured by the 
Sickness Impact Profi le) at 6 or 24 months. In addition, none 
of these scoring systems predicted patient recovery between 
6 and 24 months. They concluded that no currently available 
injury severity score can predict the functional recovery of 
patients who undergo initial limb reconstruction. 

 In the absence of a clinically validated scoring system, the 
management of the patient with a mangled extremity requires 
a multidisciplinary approach and individualized consider-
ation of complex systemic and limb-related factors. Optimal 
outcome requires the trauma provider to evaluate these fac-
tors systematically, in order to determine the appropriate 
choice between limb salvage procedures and amputation. 

    The Unstable Patient: Vascular Management 
Considerations 

 Based on ATLS principles, the hemodynamically unstable 
patient with indications for surgery (positive Focused 
Assessment with Sonography for Trauma [FAST], hard signs 
of vascular injury) should be taken to the operating room for 
identifi cation and control of hemorrhage. Life-threatening 
injuries to the neck, chest, or abdomen take precedence over 
extremity injury. A damage control or staged approach to the 
injured extremity is warranted once external bleeding from 
the extremity is controlled. In rare cases, the severity of the 
extremity injury or the delay caused by the need to manage 
other life-threatening injuries will preclude meaningful 
attempts at limb salvage. A primary amputation may be the 
best option in these situations. If the extremity is the primary 
(or only) injury, a more defi nitive approach to repair can be 
pursued from the onset of care. 

 One valuable damage control adjunct for the treatment of 
vascular injury, particularly in the polytraumatized patient, 
is the use of temporary intravascular shunts (Fig.  16.1 ). 
These devices have traditionally been used to maintain dis-
tal perfusion during carotid endarterectomy and other elec-
tive vascular operations. Although the use of temporary 
vascular shunts for trauma is not new, recent successes in 
the treatment of military casualties have highlighted their 
utility [ 33 ,  34 ].
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   Temporary shunts have a variety of applications in the 
management of extremity vascular trauma. In patients with 
associated fractures or dislocations, the placement of a tem-
porary vascular shunt allows the orthopedic team to manipu-
late and fi xate the injured extremity without concern for 
disrupting a vascular anastomosis. The shunt also minimizes 
ischemic time by providing perfusion during the orthopedic 
part of the procedure and during vein harvest and prepara-
tion. After the reduction and/or fi xation, defi nitive vascular 
repair can be performed on a stable musculoskeletal plat-
form. Likewise, in hemodynamically unstable patients, 
placement of a temporary vascular shunt permits more rapid 
restoration of extremity perfusion mitigating some of the 
ischemic risks associated with a prolonged vascular repair 
procedure. 

 Several vascular shunts are available for utilization. 
Argyle shunts commonly come in a single container with a 
variety of sizes making useful for a variety of vessels. Other 
commercially available conduits, including Javid, Sundt, and 
Pruitt-Inahara shunts, can also be effective depending upon 
the size of the vessel and the location of the injury. In extreme 
circumstances, even intravenous tubing or other soft sterile 
cylindrical structures can be utilized to temporarily restore 
perfusion. 

 The technique of temporary vascular shunt placement 
requires proximal and distal control of the injured vessel. An 
embolectomy through the disrupted segment of the artery 
should then be performed to remove proximal and distal clot 
and allow temporary restoration of perfusion. Flushing of the 
vessel with ample quantities of heparinized saline can clear 
any residual thrombus. Local infusion of heparinized saline 
rarely contributes to systemic coagulopathy, but should be 
used cautiously in patients at signifi cant risk for coagulopa-
thy or bleeding from brain, abdominal, or other injuries. 
Systemic heparinization for isolated extremity injuries with-
out bleeding risk may also be considered; however, the effect 
of this on the patency of the temporary shunt or the subsequent 

formal vascular reconstruction has not been well established. 
Clinical experience, combined with data from animal models 
of hemorrhage and shock, suggests that temporary vascular 
shunts placed in the larger, more proximal extremity vessels 
have high rates of prolonged patency without utilization of 
systemic anticoagulation [ 35 ]. Once positioned, the shunt 
should be secured both proximally and distally to mitigate 
the risk of dislodgment during orthopedic manipulation or 
transportation.  

    The Stable Patient: Vascular Management 
Considerations 

 Patients who are hemodynamically normal can usually toler-
ate a defi nitive vascular repair at the time of their initial oper-
ation. All repairs begin by gaining vascular control proximal 
and distal to the site of injury. Once this fundamental surgi-
cal tenet has been fulfi lled, the injury can be more clearly 
identifi ed and characterized noting the quality of the injured 
arterial wall edges. Primary repair may be possible for dis-
crete arterial lacerations with clean, viable injury margins as 
observed in some stab wounds. Debriding the vessel edges 
back to healthy, viable tissue is critically important to ensure 
the integrity of a suture repair or subsequent anastomosis. 
Because the external appearance of an injured artery may not 
refl ect the extent of intraluminal injury or dissection, ade-
quate debridement requires visualizing the arterial lumen. 
After debridement, short segments of vessel loss (1–2 cm) 
may be amenable to mobilization and tension-free primary 
repair. Longer segments of vessel loss, or the suggestion of 
tension after mobilization, mandate a vascular interposition 
graft to restore perfusion. 

 The choice of conduit, either native vein or synthetic 
graft, depends on several factors [ 36 ]. The diameter of the 
injured vessel, the degree of wound contamination, and the 
availability of autologous vein conduit should all be consid-
ered. For the majority of injuries, reversed great saphenous 
vein is the conduit of choice for repair. Although the topic 
has not been well studied, the preferential use of saphenous 
vein graft over polytetrafl uoroethylene (PTFE) or other arti-
fi cial materials [ 37 ] decreases the incidence of infectious and 
thrombotic complications associated with the prosthetic 
grafts. Synthetic grafts provide a reasonable alternative if the 
great saphenous vein is too small or not available due to 
injury burden. 

 The consistent anatomic location of the proximal great 
saphenous vein makes it easy to harvest for use as a vascular 
conduit. The incision to expose the vessel begins medial to 
the femoral pulse, just inferior to the inguinal crease, and 
travels distally along the anteromedial thigh. It is useful to 
fi rst identify the saphenofemoral junction in the proximal 
thigh and then carry the dissection distally to obtain the 

  Fig. 16.1    Shunting of left femoral artery and vein in a polytraumatized 
patient to restore distal perfusion in a damage control setting       
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length of venous conduit required for repair. Isolating the 
vein circumferentially with a vessel loop can speed the dis-
section with inadvertently damaging the vein by directly 
manipulating it. Most surgeons harvest the great saphenous 
vein from the uninjured (contralateral) lower extremity. 
Although its clinical importance has not been well estab-
lished, this practice guards against using a vein that could 
harbor an unrecognized injury or intimal disruption. Using 
the contralateral vein also avoids contributing to venous 
hypertension in the injured limb by preserving its great 
saphenous vein. In theory, maintaining maximal venous 
drainage lowers the risk of developing compartment syn-
drome in the distal injured extremity. The graft should be 
placed in a reversed confi guration to allow unimpeded fl ow 
in the direction of the valves. Using the marking pen to draw 
a series of lines on one side of the vein can help maintain its 
orientation and avoid twisting the conduit which cuts off 
fl ow and causes early thrombosis. 

 Once a conduit has been selected and properly oriented for 
interposition, both proximal and distal ends must be sutured 
into position using nonabsorbable suture on a tapered needle. 
The size of suture will be dictated by the vessel size, but for 
extremity injuries, 5-0 or 6-0 Prolene are common choices. 
Several specifi c nuances of suturing have been described, 
including parachute, triangulation, and a simple running 
suture [ 38 ]. All techniques effectively achieve a high-quality 
anastomosis if properly performed, and the surgeon should 
use the technique with which he or she is most familiar and 
facile. Prior to securing the fi nal suture, retrograde and ante-
grade fl ushing should be performed by briefl y releasing and 
reapplying the proximal and distal clamps. The anastomosis 
is then fl ooded with heparinized saline in an effort to defi ni-
tively clear the lumen prior to restoration of fl ow. 

 At the completion of the repair, distal arterial fl ow should 
be assessed by pulse exam and Doppler assessment. Any defi -
ciencies should raise concern for an issue with the graft or 
anastamosis, either technical error or thromboembolic occlu-
sion. The pulse evaluation should be tempered by the fact that 
young patients are prone to vascular spasm and peripheral 
vasoconstriction in the setting of trauma and vessel manipula-
tion. While vasospasm may be ameliorated intraoperatively 
using intraluminal vasodilators (e.g., low- dose nitroglycerine 
or papaverine), warming and resuscitation are often required 
to alleviate this otherwise normal response. A completion 
arteriogram can be performed by injecting contrast directly 
into the bypass conduit via a small gauge angiocatheter. This 
imaging study can confi rm the patency of the bypass, distal 
anastomosis, and outfl ow. Frequent clinical reevaluation of 
the extremity in the form of postoperative vascular checks 
should be initiated and concerns for bypass failure mandate 
further imaging or re-exploration. 

 The proven safety and effi cacy of endovascular therapy 
in elective vascular procedures triggered an interest in 
expanding these techniques to the treatment of vascular trauma 

and vessel injury [ 39 ,  40 ]. In many cases, endovascular 
technologies can be seamlessly integrated into the manage-
ment of vascular extremity trauma. Digital subtraction angi-
ography remains an important diagnostic tool for vascular 
injury, and modern sheaths and catheters allow select inju-
ries to be treated through the same access site established 
for DSA with little delay or need for additional manipula-
tion. In hybrid approaches to repair, occlusive endovascular 
balloons can be utilized to obtain proximal vascular control 
and decrease blood loss during subsequent open repair. For 
select injuries, endovascular stent grafting may even pre-
clude the need for open surgery by providing intraluminal 
coverage of the injured vessel. 

 Although the role of endovascular technologies in vascular 
trauma has not been clearly defi ned, experience with these 
approaches continues to grow and early results have been 
encouraging [ 41 – 43 ]. Determining the patency and natural 
history of endovascular stent grafts placed in young trauma 
patients requires long-term studies which have not been con-
ducted yet. Despite a lack of long-term follow-up, endovascu-
lar therapy will play an increasingly prominent role in 
vascular extremity trauma. Establishing a  multidisciplinary 
team for the treatment of vascular injuries, including provid-
ers with endovascular skills, will help in making treatment 
decisions for these patients [ 43 ].   

    Considerations for Exposure of Specifi c 
Extremity Vascular Injuries 

    General Principles 

 Surgical access for vascular injuries should adhere to the 
basic surgical principle of proximal and distal control and 
repair of what is in the middle. Accordingly, the initial inci-
sion should be amenable to proximal or distal extension if 
necessary to improve visibility outside the zone of injury. 
Particularly when a hematoma is present, dissecting back to 
normal tissue planes frequently improves orientation and 
visualization allowing more rapid control above and below 
the injury.  

    Axillary Artery 

 Axillary artery exposure begins with an infraclavicular inci-
sion that parallels the clavicle and is capable of distal exten-
sion onto the arm. The next step requires division of the 
pectoralis major and minor muscles in sequence. Separating 
the muscles of the pectoralis major, with the “grain” of the 
muscle fi bers, reveals the deeper pectoralis minor muscle. 
This muscle can be divided over a clamp just distal to its 
origin on the coracoid process to expose the underlying 
axillary artery.  
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    Brachial Artery 

 The proximal brachial artery is most readily located via an 
incision on the medial upper arm in the groove between the 
biceps and the triceps muscles. In the setting of a large hema-
toma, care must be taken to avoid injury to the neurovascular 
bundle, which may be surprisingly superfi cial. The fi rst 
structure encountered in the bundle is the median nerve, 
which should be preserved and protected if it is uninjured. 

 Distal brachial artery exposure often requires exposure at 
the antecubital fossa. A sigmoid incision that has its trans-
verse component across the antecubital skin crease is most 
commonly used. At this location, the artery can be isolated 
just deep to the biceps tendon. For the sake of access, this 
tendon can be divided and tagged for later reconstruction. 
The sigmoid incision can be carried superiorly along the 
medial aspect of the upper arm to facilitate proximal control 
or distally for exposure of the brachial artery bifurcation.  

    Radial and Ulnar Arteries 

 The bifurcation of the brachial artery can be exposed using a 
sigmoid incision crossing the antecubital fossa. In the super-
fi cial tissues, the median cubital and basilic veins should be 
identifi ed and preserved if possible. The medial antebrachial 
cutaneous nerve, which courses along the basilic vein, should 
also be protected from injury. Opening the deep brachial fas-
cia at this location will reveal the neurovascular bundle, 
where the median nerve is the fi rst structure encountered. 
The median nerve can be gently retracted medially, revealing 
the underlying brachial artery and the more lateral brachial 
vein (Fig.  16.2 ).

   The bicipital aponeurosis, which overlies the bicipital 
tendon, is the gateway to the bifurcation of the brachial artery 
and the proximal radial and ulnar arteries. Division of the 
bicipital aponeurosis allows exposure of the brachial bifurca-
tion. Distal dissection provides exposure of the ulnar or 
radial arteries toward the wrist. If either the ulnar or radial 
artery is injured, an intraoperative Allen’s test will be estab-
lished if single-vessel perfusion of the hand will be adequate 
for hand viability. In the majority of instances, individual 
injuries to either of these vessels in isolation can be safely 
managed with ligation alone.  

    Femoral Artery 

 In proximal femoral artery injuries, particularly in unstable 
patients with complex injury patterns potentially involving 
the abdomen, the decision to attain proximal vascular control 
in the abdomen should be considered. If the injury is truly 
isolated to the groin, however, two options for rapid control 
are available. The fi rst, and most commonly utilized, is that of 
a vertical incision over the femoral triangle. This incision can 
then be extended superiorly with division of the inguinal liga-
ment to establish defi nitive proximal control. Alternatively, 
an oblique incision superior and parallel to the inguinal liga-
ment (similar to a renal transplant incision) can expose the 
external iliac vessels in an extraperitoneal location. 

 Effective dissection of the groin requires the ability to 
quickly establish wide exposure and identify and control the 
common, superfi cial, and deep femoral arteries and their 
accompanying veins. The lateral circumfl ex iliac vein crosses 
the deep femoral artery very close to its origin and can be 
injured during looped control of the deep femoral artery. 
This vein can be isolated, suture ligated, and divided to facil-
itate adequate exposure. 

 A medial thigh incision, either as an initial incision if the 
injury is known or as an extension of a proximal incision, pro-
vides the most convenient and facile access to the distal super-
fi cial femoral artery, femoral vein, and the proximal popliteal 
artery. The sartorius muscle, when retracted upward or down-
ward, facilitates identifi cation and opening of Hunter’s canal. 
Controlled dissection can identify and avoid unnecessary 
injury to the saphenous vein and its accompanying nerve.  

    Popliteal Artery 

 Adequate exposure of the popliteal artery can be challenging. 
Injuries at the popliteal bifurcation are best exposed by a gen-
erous incision on the proximal medial calf. Often, adjacent 
nerves and veins have also sustained injury making the dis-
section more diffi cult. More proximal popliteal artery injuries 
are better accessed by extending the medial thigh incision 

  Fig. 16.2    Dissection of the brachial artery in the proximal forearm. 
The deep brachial fascia has been removed to show vascular structures 
both superfi cial and deep to this layer       
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described above. The great saphenous vein at this location 
can be superfi cially located and susceptible to injury. 
Preserving this vein and protecting it from injury during sur-
gical exposure may promote improved collateral venous out-
fl ow should the popliteal vein require ligation due to injury. 

 The presence of a large hematoma can make it diffi cult to 
quickly identify and isolate the injured vessels. Some guid-
ance can be gained from the general principle that major 
neurovascular bundles of the lower extremities are always 
located immediately behind the bone. Accordingly, the distal 
superfi cial femoral artery and the proximal popliteal artery 
will be found directly behind the femur, and the popliteal 
bifurcation and tibioperoneal trunk will be found immedi-
ately behind the tibia. At either level, the accompanying vein 
is often encountered before the artery during dissection.  

    The Tibioperoneal Trunk 

 The so-called popliteal trifurcation can be exposed with a 
medial incision on the proximal calf, just inferior to the edge 
of the tibia. The dissection is carried down to the medial head 
of the gastrocnemius muscle which is then divided sharply 
off the tibia. The attachments of the soleus muscle must also 
be detached from the tibia to expose the posterior tibial and 
peroneal vessels adequately. 

 The medial approach facilitates only proximal control of 
the origin of the anterior tibial artery. The vessel beyond its 
origin can be exposed through an anterolateral incision posi-
tioned approximately two fi ngerbreadths lateral to the ante-
rior edge of the tibia. The tibialis anterior and extensor 
hallucis longus muscles are retracted apart and the anterior 
tibial artery can be found coursing along the interosseus 
membrane at the base of the anterior compartment.   

    Technical Considerations of Extremity 
Vascular Injury Repair: Key Steps 

    General Principles 

 Repair of vascular injuries is a straightforward process that is 
amenable to an algorithmic approach regardless of injury 
location. Proximal and distal controls followed by fi xing 
what is “in the middle” remain the basic tenets of safe and 
effective repair. Utilizing a simple algorithmic approach will 
yield a successful result in the majority of instances.  

    Proximal and Distal Control 

 Using the principles for specifi c exposures outlined earlier in 
this chapter will guide the surgeon through exposure and 

control of injuries at specifi c locations. The surgeon should 
always have the ability to extend the initial incision both 
proximally and distally to establish effective control outside 
the zone of injury.  

    Characterize Injury Type and Extent 

 Rapid identifi cation of structures within the zone of injury is 
often the most challenging step in treating vascular injuries. 
Hematoma and soft tissue disruption often distort the anat-
omy extensively. For this reason, it is often advisable to 
begin the dissection in a more proximal uninjured area and 
work “from known to unknown” in order to adequately 
delineate the critical structures. 

 Characterizing the true extent and severity of injury must 
include a careful examination of the vessel lumen. The 
 external appearance of the vessel proximal and distal to the 
obvious injury may not refl ect the impact of the injury on the 
vessel lumen which can be manifested as an associated dis-
section or intimal disruption (Fig.  16.3 ). This pitfall often 
occurs when the vascular injury is discovered at the time of 
exploration in the absence of preoperative imaging studies.

       Feasibility of Defi nitive Vascular Repair 

 Once vascular control has been established and the injury 
has been inspected, nonviable vessel should be debrided 
back to healthy tissue. The extent of injury will infl uence the 
type of repair. Long segments of missing or nonviable vessel 
will require an interposition bypass to restore distal perfu-
sion. The size of the vessel and the availability of venous 
conduit will dictate the choice in conduit. The presence of 

  Fig. 16.3    Femoral artery dissection. Note that degree of external alter-
ation may not be refl ective of internal injury to the vessel       
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contamination and the anticipated infectious risk will also 
factor into this decision, as outlined earlier in the chapter. 

 Regardless of the type or location of conduit, any required 
intervention beyond simple suture repair will require opera-
tive time and potential additional blood loss. The condition 
of the patient must be considered carefully prior to engaging 
in a prolonged repair. In the patient with substantial injury or 
impending physiologic depletion, rapid shunt placement and 
resuscitation should be undertaken prior to a lengthy vascu-
lar repair. If shunting is not an option, ligation (even tempo-
rary) should be considered to achieve hemostasis and 
potentially preserve life over limb.  

    Reestablish Extremity Perfusion 

 Prior to restoration of fl ow by either simple suture repair or 
interposition conduit, the injured vessel should be cleared of 
thrombus. Carefully passing Fogarty embolectomy catheters 
both distally and proximally will facilitate this clearance. 
Care should be taken to avoid overinfl ation of the Fogarty 
balloon so as to minimize the risk of vessel rupture or intimal 
injury. In addition, the risk of remote perforation and intimal 
injury increases with each pass of the balloon. The art of 
Fogarty utilization lies in the feel of pressure and resistance 
felt at the time of catheter advancement, balloon infl ation, 
and thrombus extraction. Optimal utilization typically 
requires several clean passes and coordinated control of the 
balloon, the pressure placed on the infl ation syringe, and the 
tension placed on the vessel during extraction of clot. 

 Once several passes have failed to retrieve any additional 
clot, consideration should be given to the use of local heparin 
infused directly into the vessel (as outlined earlier in this 
chapter). Although systemic heparinization may help main-
tain vessel patency, it is frequently contraindicated due to 
coagulopathy associated with trauma or bleeding risk due to 
other injuries.  

    Vascular Reconstruction 

 Any repair, whether a simple primary repair of a clean lac-
eration or placement of an interposition graft, must be 
tension- free in nature. The integrity of the repair depends on 
the presence of healthy tissue from adequate debridement of 
the injured vessel. Several options for vascular reconstruc-
tion exist, as outlined in the previous description of the care 
of the stable patient. The choice of reconstruction type and 
conduit must account for the length of the required interpo-
sition, vessel size, degree of contamination, and infection 
risk. For the majority of extremity injuries, reversed great 
saphenous vein graft is the conduit of choice to provide 
durable and effective repair. For the sake of expediency, it is 

useful to take a team approach to the harvest of this conduit, 
with a partner harvesting and preparing the vein while the 
primary surgeon is preparing the injured vessel for repair as 
outlined above. 

 The saphenous vein should be reversed and gently dilated 
using an olive-tip catheter on a syringe or a larger diameter 
soft angiocath. During this maneuver, it is important to look 
for any leaks in the vessel in the form of side branches that 
require additional ligation. Unrecognized adherent tissue 
will also prevent adequate dilation and should be removed 
until uniform dilation of the vessel is achieved. Marking of 
one side of the gently stretched vein is advised, as this mark-
ing will insure that the vessel is not twisted when secured 
into position between two suture lines. Such twisting of an 
interposition graft signifi cantly increases the risk of subse-
quent conduit thrombosis and should be avoided. 

 Rarely, only one vessel wall will be injured. Once 
debrided, these injuries may be repaired with a patch angio-
plasty. Although the use of patch angioplasty is a common 
element of elective vascular surgery, the majority of vascular 
trauma will not prove amenable to this approach. 

 Immediately prior to tying the fi nal suture throw and clos-
ing the vessel, the proximal and distal occlusion should be 
relieved to fl ush the vessel. Both forward and retrograde fl ow 
should be readily apparent during this maneuver. Any failure 
to demonstrate reasonable retrograde fl ow should raise the 
suspicion of distal thrombosis and warrant an additional dis-
tal pass of the Fogarty embolectomy catheter.  

    Post-Repair Assessment 

 After the suture line is completed, distal circulation should 
be assessed. If brisk pulses are restored, the result is reassur-
ing. The gold standard for post-repair evaluation includes the 
use of intraoperative Doppler ultrasound to document the 
audible return of a good pulse waveform signal. Particularly 
in young trauma patients, signifi cant vasospasm may com-
promise the immediate post-repair assessment. This may be 
exacerbated by depleted volume status states and hypother-
mia. As with elective vascular practice, local vessel infusion 
of nitroglycerine or papaverine in very low doses is utilized 
by some surgeons prior to suture line closure for this reason. 
If adequate Doppler signals can be initially documented, 
however, this vasospasm will almost universally resolve with 
warming and resuscitation.  

    Other Considerations 

 After any extremity vascular reconstruction particularly 
with known ischemia in excess of 3 h, the need for fasciot-
omy of distal muscle compartments should be considered. 
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This  consideration should be even stronger in the setting of 
associated vein injury, which may result in venous hyperten-
sion exacerbating risk for subsequent compartment syn-
drome. The specifi c considerations and techniques of 
fasciotomy are outlined in Chap.   5     in this text. 

 Coverage of the vascular repair is also a post-repair prior-
ity. Viable soft tissue should be utilized. Failure to achieve 
closure will increase bleeding and infection risk. Most often, 
available coverage is found easily within the operative fi eld 
itself. On occasion, however, specialized fl ap coverage may 
be necessary (Fig.  16.4 ). In these instances, the early involve-
ment of surgical colleagues capable of these maneuvers 
should be undertaken.

        Summary 

 This chapter is designed to provide reinforcement of the 
principles and practices required for effective diagnosis and 
management of vascular injuries to the extremities. 

 Effective diagnosis requires an algorithmic approach to 
both examination and the utilization of imaging modalities. 
Successful treatment is achieved through employment of 
algorithmic approaches and timely intervention. Optimal 
outcomes require that the surgeon understand the limitations 
and benefi ts of available treatment options.     
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           Indications 

    VA can be broadly divided into two categories: peripheral 
and central. Peripheral access is for short-term treatment 
needs usually involving intravenous (IV) fl uids, blood 
sampling, and infusion of IV medications. Some medica-
tions cannot be given though peripheral access because of 
their tendency to cause vein infl ammation (phlebitis). 
Indications for central VA span a wide range of clinical 
conditions including:
•    Poor vascular access  
•   Need for hemodynamic monitoring  
•   Use of medications known to be venous sclerosants  
•   Repeated venous sampling  
•   Prolonged administration of chemotherapy, TPN, or 

antibiotics  
•   Need for short-term dialysis, aphaeresis, or plasmapheresis  
•   Emergency situations     

    Contraindications 

 Most contraindications to central VA are relative and depend 
on the urgency of the situation and the available alternatives. 
Agitated and uncooperative patients may be more safely 
treated using peripheral access as opposed to trying to can-
nulate the central veins. Central venous cannulation should 
be avoided in the presence of overlying cellulitis or infection 
and at sites with indwelling intravascular hardware such as a 
dialysis catheter or pacemaker. Distorted anatomy as a result 

of trauma, surgery, obesity, or previous catheterizations also 
represents a relative contraindication to central VA. 

 Central venous access procedures performed on patients 
with coagulopathy can result in prolonged bleeding from the 
vein, subcutaneous tunnel, or accidental arterial puncture. 
Hass et al. evaluated the safety of tunneled central venous 
catheter insertions in patients with an INR of greater than or 
equal to 1.5 or a platelet count lower than 50,000/dL [ 6 ]. They 
concluded that a platelet count between 25,000 and 50,000/
dL and/or an INR between 1.5 and 2 is safe even without 
coagulation product transfusion. Other authors have reported 
that thrombocytopenia (platelets less than 50,000/dL) carries 
a higher risk of catheter-related bleeding than prolonged clot-
ting times [ 7 ]. Overall, coagulopathy represents a relative 
contraindication to central venous access placement that 
requires careful consideration of the  indications and potential 
risks and benefi ts. If possible, patients with coagulopathy 
should be treated by the most experienced proceduralist avail-
able to minimize the bleeding risks. Hemophiliacs who need 
central venous access require replacement coagulation prod-
ucts, and the correction of clotting factors should be main-
tained for 48 h prior to the procedure [ 8 ]. 

 Patients with cardiac conduction disturbances can have 
unanticipated complications during placement of a central 
venous catheter. Contact between the guide wire and the side 
of the ventricular septum can induce right bundle branch 
block during the VA procedure [ 5 ,  9 ,  10 ]. Although this com-
plication rarely causes hemodynamic instability, complete 
heart block can ensue in patients with preexisting left bundle 
branch block [ 10 ]. An external pacemaker should therefore 
be available when performing central VA procedures in 
patients with preexisting left bundle branch block.  

    Types of Venous Access Devices 

 Central VA catheters come in a variety of sizes, confi gura-
tions, and materials. Decisions about the location and type of 
access catheter should be tailored to the clinical scenario of 
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each patient. Factors that infl uence the choice of central VA 
include the predicted duration of the access, the indications 
for use, and the patient’s individual anatomy. 

 VA devices can be broadly categorized as tunneled cath-
eters (TC) and non-tunneled catheters (Table  17.1 ). The fi rst 
decision point in choosing a catheter involves the predicted 
duration of vascular access. Short-term, temporary access 
usually warrants placement of a non-TC, while patients 
needing long-term, permanent access require a TC. Patients 
with short-term access needs should not be exposed to the 
risks associated with placement of a TC. In contrast, a patient 
who requires long-term access for medications such as che-
motherapy benefi ts from a TC with an implanted port. The 
subcutaneous placement of the port enhances patient com-
fort by allowing for normal activities in between therapeutic 
infusion sessions. Implanted ports and TCs have lower rates 
of infection compared to non-TCs. Potential drawbacks of an 
implanted port include the inconvenience of needing to 
puncture the skin for access and the small caliber of the cath-
eter which limits the infusion rate.

   Vascular access devices have single or multi-lumen 
catheters. Multi-lumen catheters allow for the simultane-
ous infusion of more than one blood product or medica-
tion. This advantage must be balanced against the increased 
morbidity associated with multiple lumen catheters as 
documented in several reports [ 11 ,  12 ]. Decisions regard-
ing the diameter of the catheter depend on the patient’s 
access needs and the clinical scenario. Although large-
bore catheters facilitate rapid infusion rates during emer-
gency situations, they have an increased risk of 
catheter-related thrombosis. In general the smallest-diam-
eter catheter that is feasible for the patient’s infusion needs 
should be chosen [ 13 ]. Smaller catheters can often be 
placed less traumatically and may have a lower risk of trig-
gering venous stenosis [ 14 ].  

    Vascular Access Site Selection 

 Choosing the location of central VA depends on several 
factors including: operator skill and preference, catheter 
and device type, patient anatomy, and indications for 
placement [ 7 ,  15 ,  16 ]. The most common sites for central 
VA are the internal jugular, subclavian, and common fem-
oral veins. Practitioners placing central VA should be 
familiar with the anatomic landmarks and understand the 
advantages and drawbacks of each location for central VA 
(Fig.  17.1 ). Specifi c techniques regarding placement will 
be discussed later.

    Table 17.1    Categorizations of catheters   

 Tunneled catheters  Non-tunneled catheters 

 Dialysis catheter with a cuff 
(permanent) 

 Dialysis catheters non-cuffed 
(acute not permanent) 

 Implantable access ports  Central line 
 Hickman  Swan-Ganz catheters 
 Broviac  Peripherally inserted central 

catheter (PICC) 

Esophagus
Brachial plexus

Jugular vein

External
jugular vein

Vertebral
artery Carotid artery

Trachea

Scalene muscle

Subclavian
vein

First rib

Sternum

  Fig. 17.1    Enlarged view of the anatomy of the subclavian and jugular vein area       
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      Internal Jugular Vein Approach 

 The internal jugular vein remains the most common site for 
central VA with a 95–99 % success rate and few complica-
tions [ 17 ,  18 ]. Percutaneous access to the internal jugular 
vein is relatively straightforward compared to the subcla-
vian vein. This technical advantage may explain the lower 
rate of lung injury (pneumothorax and hemothorax) after 
internal jugular vein access compared to the subclavian 
approach [ 7 ]. In contrast, a systematic review reported 
equivalent complication rates for internal jugular and sub-
clavian vein catheters despite a historically higher incidence 
of complications associated with the subclavian vein 
approach [ 4 ]. The right internal jugular vein follows a 
straight course into the central venous circulation making 
the right side the preferred choice over the left side. Internal 
jugular vein catheterization also poses a lower risk of venous 
stenosis and thrombosis compared to the subclavian vein 
[ 19 ]. Minimizing the risk of catheter-associated venous ste-
nosis is an important consideration in patients with chronic 
renal failure in whom central venous stenosis is a leading 
cause of arteriovenous access failure. 

 The few drawbacks of internal jugular vein access 
involve technical challenges associated with placement 
and patient comfort level. Patients with pain or inadequate 
sedation during access insertion often tense their sterno-
cleidomastoid (SCM) muscle making it diffi cult to 
advance the catheter. Despite being in a compressible 
location, internal jugular vein puncture can result in a 
hematoma in a coagulopathic patient potentially compro-
mising the airway. Once in place, non-TCs in the internal 
jugular vein can cause discomfort during movement of the 
head and neck. 

 Ultrasound guidance during VA placement can identify 
the target vein and provide real-time imaging of the needle 
entering the vein. Data suggest that using ultrasound to can-
nulate the internal jugular vein makes the procedure quicker 
and safer. Lemeris et al. showed that ultrasound guidance 
reduced failure of catheter placement and complication rates 
related to insertion by 86 and 57 %, respectively [ 20 ]. A large 
meta-analysis confi rmed the enhanced safety profi le ultra-
sound-guided central VA demonstrating signifi cant reduc-
tions in the risk of: insertion failure (relative risk [RR] 0.32), 
complication rates from insertion (RR0.22), and the need for 
multiple insertion attempts (RR 0.60) [ 21 ]. In a prospective 
study of 900 patients, ultrasound-guided catheter placement 
in the internal jugular vein not only increased success rates 
and decreased complication rates but also reduced catheter-
associated infections [ 18 ]. The well-documented safety track 
record of ultrasound prompted the UK National Institute for 
Clinical Excellence (NICE) (  www.nice.org.uk    ) to recom-
mend routine use of ultrasound guidance during internal 
jugular catheterization.  

    Subclavian Vein Approach 

 In the past, surgeons preferentially used the subclavian vein 
to establish central VA. The subclavian vein is unique in that 
the vein can be cannulated from an infraclavicular or supra-
clavicular approach. The supraclavicular technique poses a 
greater risk of complications, and some authors recommend 
that only experienced operators attempt this approach [ 17 ]. 
Relative contraindications include bilateral pulmonary disor-
ders, high-pressure ventilation, and altered local anatomy 
(i.e., after sternotomy). Using ultrasonography to assist with 
supraclavicular cannulation signifi cantly decreases the risk 
of placement failure and the need for multiple attempts by up 
to 86 % [ 20 ,  22 ]. Catheterization of the subclavian vein 
regardless of the approach has an overall success rate of 
90–96 % [ 23 ,  24 ]. 

 Compared to the internal jugular vein, the subclavian vein 
has a predictable course allowing reliable venipuncture using 
anatomical landmarks. The subclavian location for central 
VA has the advantage of easy access to the catheter and a 
more acceptable cosmetic appearance for the patient. 
Although observational studies suggest that subclavian vein 
access decreases infection risk, these results have not been 
validated in prospective trials [ 25 ]. 

 The anatomic location of the subclavian vein has several 
drawbacks which limit its routine use for VA. The subclavian 
vein functions as the primary route for venous drainage from 
the arm. Thrombosis of the subclavian vein from catheter 
placement can cause acute arm pain and edema requiring 
treatment with anticoagulation, thrombolytic therapy, or cath-
eter removal [ 26 – 28 ]. Long-term subclavian vein catheter 
placement increases the risk of venous stenosis which can 
compromise future arteriovenous access attempts in the same 
upper extremity [ 19 ]. The subclavian vein should therefore be 
avoided as the site for central VA in patients with renal dys-
function who may eventually require hemodialysis. An excep-
tion to this rule would be if the upper extremity were unsuitable 
for use as a site for dialysis access, for example, a patient with 
contracture of the arm following a stroke. Other complications 
associated with subclavian vein cannulation involve injuries 
that can be sustained during needle puncture. The reported rate 
of pneumothorax and hemothorax ranges from 0 to 12 % and 
seems to depend on operator experience [ 29 ].  

    Femoral Vein Approach 

 The common femoral vein is the easiest site to establish 
central venous access. With its relatively straight course 
and large lumen, the common femoral vein allows infu-
sion and removal of large volumes of fl uid such as that 
required in renal replacement therapy or plasmapheresis [ 7 ]. 
In most patients, percutaneous access to the common  femoral 
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vein is straightforward as the vein is close to the skin and 
 relatively isolated from other vital structures. Despite its 
advantages, the common femoral vein is the least used access 
site due to the increased incidence of complications, espe-
cially infection and thrombosis [ 30 ,  31 ]. Morbid obesity can 
obscure the anatomic landmarks of the groin making cathe-
terization of the common femoral vein more diffi cult. Moving 
the pannus cephalad and to the control lateral side with the 
aid of an assistant or tape can help determine the appropriate 
area for percutaneous access to the femoral vein. Similar to 
other VA sites, ultrasound guidance decreases the risk of 
failed femoral catheter placement by up to 71 % [ 20 ,  22 ]. 
Femoral catheters should be removed as soon as possible to 
minimize the risk of catheter-associated complications.  

    Alternative Venous Access 

 Although most surgeons do not place central VA at noncon-
ventional locations, the surgeon must be aware that alterna-
tive techniques and access sites do exist. Over time, patients 
with prolonged central VA often develop stenosis and occlu-
sions of the large veins en route to the central venous system. 
In these patients, the subclavian and internal jugular veins no 
longer provide an unobstructed pathway to the central venous 
system. In the past, overcoming this technical challenge 
often required open surgical exposure with direct catheter 
placement in the right atrium, superior vena cava (SVC), or 
inferior vena cava (IVC) [ 17 ]. More recently, central VA 
routes have been described involving percutaneous access to 

nonconventional veins including the external jugular, 
hepatic, intercostal, azygos, and IVC [ 32 – 35 ]. Other tech-
niques involve catheter placement in collateral neck or chest 
veins or recanalization of chronically occluded veins [ 36 ]. 
Catheters placed at these unconventional sites follow an 
unusual course when visualized on abdominal or chest radio-
graphs (Fig.  17.2 ). The distal tip of the catheters terminates 
in traditional locations such as the right atrium, the lower 
SVC, or the upper portion of the IVC [ 37 ]. Patients receiving 
long-term hemodialysis or total parental nutrition are more 
likely to eventually require alternative forms of central VA.

        Preparation of the Patient 

    Consent 

 Informed consent should be obtained for all elective central 
VA insertion procedures. A discussion with the patient and/
or healthcare proxy should include a description of the pro-
cedure as well as its indications, benefi ts, and acute and 
long-term complications (Table  17.2 ). In emergency situa-
tions, the consent is implied.

       Monitoring 

 Central VA procedures performed at the bedside or in the 
angiography suite require some form of monitoring. Cardiac 
telemetry and pulse oximetry can detect acute changes in the 

  Fig. 17.2    ( a ) Venogram of the right chest intercostal veins with drainage into the vena cava. ( b ) Completion of catheter placement from  subclavian, 
through the intercostal veins with catheter tip in the IVC       
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cardiorespiratory status of the patient, such as a dysrhythmia 
due to wire or catheter placement.  

    Positioning 

 Regardless of the access site, the patient’s position should 
fulfi ll two criteria: (1) maximize the comfort of the patient; 
and (2) allow the operator to remain comfortable throughout 
the procedure. The Trendelenburg position facilitates venous 
fi lling for internal jugular and subclavian access and may 
reduce the risk of air embolism [ 38 – 40 ]. Patients who cannot 
tolerate Trendelenburg but can follow commands should be 
asked to perform the Valsalva maneuver which temporarily 
increases the caliber of the internal jugular, subclavian, and 
femoral veins [ 41 ].  

    Sterile Technique 

 Minimizing the risk of infectious complications begins with 
patient preparation and choice of venue. VA procedures 
should be performed in an environment conducive to aseptic 
techniques. Randomized controlled trials suggest that pro-
phylactic intravenous antibiotics reduce catheter-related 
infections (CRI) and sepsis in high-risk immunosuppressed 
cancer patients; however, current evidence does not support 
the routine use of antibiotics for central venous catheter 
placement [ 42 ,  43 ]. 

 Aseptic preparation of the patient and members of the 
healthcare team plays an important role in infection control. 
Most institutions mandate the use of surgical masks and 
caps, sterile gloves and gowns, and a large full-body drape 
for all central line procedures. Observational studies support 
the use of these maximal barrier precautions and hand wash-
ing as effective measures to reduce the rate of central VA 
infections [ 44 – 46 ]. 

 Skin preparation options include chlorhexidine, povidone- 
iodine, and alcohol-based solutions. A study comparing 
povidone-iodine without alcohol to 2 % chlorhexidine 
 without alcohol reported equivocal fi ndings regarding cath-
eter colonization and catheter-related bacteremia [ 47 ]. 
Studies comparing chlorhexidine with alcohol to povidone-
iodine with alcohol have been inconclusive. Consensus from 
several studies favors the use of chlorhexidine with alcohol 
for skin preparation [ 48 ,  49 ].  

    Use of Ultrasound 

 First described in 1978, ultrasound guidance for central VA 
now has a solid foundation of evidence supporting its use 
[ 22 ,  50 ,  51 ]. Several randomized trials show that using ultra-
sound for central VA reduces the time to cannulation and 
decreases the risk of complications and the number of failed 
attempts [ 20 – 22 ,  50 – 52 ]. By clarifying anatomy and provid-
ing real-time imaging, ultrasound guidance narrows the per-
formance gap between experienced and inexperienced 
operators [ 53 ]. In the hands of skilled practitioners, ultra-
sound often proves to be the key to successful catheter place-
ment in patients who are otherwise diffi cult to cannulate 
[ 54 ]. Current practice guidelines recommend using ultra-
sound guidance for central VA via the internal jugular and 
femoral veins when expertise and equipment are available 
[ 22 ,  52 ]. In contrast, cannulating the subclavian vein does 
not appear to benefi t from ultrasound guidance. Recent stud-
ies on subclavian vein access using an axillary and infracla-
vicular approach have determined that ultrasound does not 
improve success rate and may increase the time of the proce-
dure when compared to the traditional technique using ana-
tomic landmarks [ 55 – 57 ].   

    Technique 

    Internal Jugular Vein 

    Central Venous Line 
 After the patient is positioned, the left and right internal jug-
ular veins should be evaluated for patency using the ultra-
sound. A patent internal jugular vein appears to be a large, 
echolucent vessel that completely compresses when gentle 
pressure is applied through the ultrasound probe. The neck 
and infraclavicular area should then be prepped with 
chlorhexidine and draped using sterile technique. 

 The following describes a micropuncture technique; how-
ever, using the larger caliber needle provided in most central 
line kits is also acceptable. When the vein has been localized 
with ultrasound, the long axis of the probe is placed against the 
superior portion of the clavicle (Fig.  17.3a ) with the image of 
the internal jugular vein centered on the monitor. Under ultra-
sound guidance, the area is infi ltrated with lidocaine before 
puncturing the skin with a 21-gauge needle. The angle of 
puncture is important when using ultrasound guidance. The 
needle should be almost parallel to the probe, angled only a 
few degrees from vertical. This permits the tip of the needle to 
be visualized along its course from skin entry to venipuncture 
(Fig.  17.3b ). The needle is exchanged over a 0.018-in. guide-
wire for the coaxial 3-French (F) and 5-F micropuncture 
sheath. The 0.018-in. wire and 3-F dilator are removed from 
the 5-F micropuncture sheath, and a 0.035-in. wire is inserted 
with the tip in the SVC. The 5-F sheath is then removed over 

   Table 17.2    Immediate and delayed complications   

 Immediate  Delayed 

 Air embolism  Infection 
 Great vessel perforation/puncture  Venous stenosis 
 Catheter malposition  Thrombotic 
 Pneumothorax 
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the guidewire, and a dilator is inserted to dilate the skin track. 
The non-tunneled central venous catheter is placed over the 
guidewire and advanced into the SVC. The guidewire is 
removed and the catheter secured. All of the catheter lumen 
should be fl ushed, and the catheter may be locked with dilute 
heparinized saline depending on individual hospital protocol. 
A chest x-ray should be performed to confi rm catheter tip 
location and evaluate for pneumothorax or hemothorax. 
Procedures performed with ultrasound guidance and under 
fl uoroscopy do not usually require a fi nal chest x-ray.

       Chest Port Insertion 
 Single- or dual-lumen implantable ports are best suited for 
patients who require intermittent vascular access over a long 
period of time. Preparation and positioning are the same as 
described for central venous line placement. The long axis of 
the ultrasound probe is placed against the superior portion of 
the clavicle (Fig.  17.3a ) with the image of the internal jugu-
lar centered on the monitor. Placing the ultrasound probe 
against the superior portion of the clavicle allows the needle 
to puncture the internal jugular vein approximately 1 cm 
above the clavicle. Vein puncture at this level allows the 
catheter to follow a gentle curve from the vein to its connec-
tion with the reservoir on the anterior chest. A higher vein 
puncture site may cause the catheter to kink, while a lower 
puncture risks injury to the great vessels and lung. After 
achieving ultrasound-guided access to the internal jugular 
vein as previously described, the micropuncture sheath, dila-
tor, and 0.018-in. wire are left in place and temporarily 
secured to the drape. 

 The next several steps involve creation of the subcutane-
ous pocket and tunnel. An imaginary line at an angle of about 
45° is drawn from the puncture site in the neck to the anterior 
chest below the clavicle (Fig.  17.4 ). This area will be the site 
of the subcutaneous pocket for the port. After establishing a 
fi eld block with lidocaine, the skin is incised, and a 1-cm 
deep pocket is created on the anterior chest wall with blunt 
fi nger dissection. The overall size of the pocket should be 
limited to a few millimeters larger than the port itself. 
Keeping the subcutaneous pocket small minimizes the 
chance of the port moving or rotating. The pocket should 
extend to the level of the fascia for stable fi xation points.

   The pocket and the neck incision are then connected subcu-
taneously using the tunneling tool usually provided in the access 
kit. Attention is then returned to the neck access site. After 
removing the 3-F dilator and 0.018-in. wire, an 0.035- in. wire is 
advanced under fl uoroscopic guidance into the SVC. Serial 
dilators are then passed over the wire before placing the peel-
away sheath into the SVC. Most peel-away sheaths now have a 
protective cap, which prevents the sheath from entraining air 
when the wire and inner dilator are removed. If a protective cap 
is not in place, caution must be taken to avoid an air embolism 
when advancing the catheter into the peel-away sheath. The 
catheter tip should be positioned just within the right atrium. If 
the catheter triggers cardiac irritability on the monitor, it should 
be pulled back a few millimeters. The rationale for placing the 
catheter within the right atrium has to do with the fact that the 
patient is in a supine position. When the patient is upright, the 
heart will assume a lower position, and the tip of the catheter 
will most likely be located at the atrial-caval junction. 
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  Fig. 17.3    ( a ) Ultrasound use to visualize the jugular vein prior to 
access placement. ( b ) Sagittal view of the jugular access. The ultra-
sound is positioned with the inferior portion resting against the clavicle 

and an acute angle of the needle to the probe to visual the track of the 
access needle as it enters the jugular vein       
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 The peel-away sheath can then be partially removed to 
allow a small straight clamp to be placed on the catheter. The 
rest of the sheath is then peeled away, and a second clamp is 
placed on the catheter as it exits the tunnel into the subcutane-
ous port pocket. Placing these clamps establishes two fi xed 
points on the catheter ensuring that the catheter position can-
not be changed and that an appropriate length of catheter 
remains in the SVC. The catheter can then be attached to the 
port after trimming its excess length. The port is inserted into 
the pocket; the small straight clamps are removed; and the 
port is fl ushed. The skin incision can be closed with absorb-
able subcutaneous and subcuticular sutures. If vascular access 
is needed immediately, a Huber (non-coring) needle can be 
left in the port. A fi nal fl uoroscopic image should document 
the position of the catheter and port.  

    Tunneled Catheter Insertion 
 Most TCs are used for dialysis access, long-term TPN, or 
chemotherapy. Note that different catheters have been specifi -
cally designed for each of these needs. The risk of infection 
and thrombosis increases with the number of catheter lumens 
[ 11 ,  12 ]. Therefore, the lowest number of lumens necessary to 
fulfi ll the clinical needs should dictate catheter choice. 

 The technique for inserting a TC parallels the steps 
described for placing a chest port with a few pertinent details. 
For internal jugular vein placement, keeping the needle 
puncture site approximately 1 cm above the clavicle allows 
the catheter to take a gentle bend as it exits the subcutaneous 
tunnel and enters the vein. This prevents kinking of the cath-
eter that invariably leads to catheter malfunction. After plac-
ing the micropuncture catheter in the vein, fl uoroscopy can 

help choose the appropriate catheter length. The tip of the 
wire is advanced under fl uoroscopy to the desired catheter 
location; the wire is then marked where it exits the skin, 
removed, and measured to determine the distance from the 
atrial-caval junction to the vein puncture site. This distance 
can be added to the distance from the puncture site to 
the anterior chest wall to determine the appropriate catheter 
length. The anterior chest wall is then anesthetized along the 
route toward the internal jugular puncture site. To minimize 
bleeding from the tunnel, a purse-string suture can be placed 
at the chosen chest wall exit site. A small incision is then 
made in the center of the purse-string suture, and the catheter 
is tunneled subcutaneously towards the internal jugular 
puncture site. The catheter is then placed using the peel- 
away sheath technique previously described. Fluoroscopy 
during and after catheter placement allows accurate place-
ment of the catheter tip and ensures that the catheter is not 
kinked [ 58 ]. The catheter is then secured in place by tight-
ening and tying the purse-string suture around the hub of 
the catheter.   

    Subclavian Vein 

    Infraclavicular Approach 
 The anatomic relationship between the subclavian vein and 
the clavicle changes with shoulder position [ 59 – 61 ]. Magnetic 
resonance imaging shows that passive retraction of the shoul-
ders by placing a rolled towel between the shoulder blades 
compresses the subclavian vein between the fi rst rib and clav-
icle which impedes successful cannulation of the vein [ 62 ]. 

Jugular vein

Site for port

Subclavian
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  Fig. 17.4    Diagram demonstrates 
orientation for position 
of subcutaneous pocket. This can 
also be utilized for placement 
of a tunneled catheter       
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The angle between the subclavian and internal jugular veins 
increases when the patient’s head is rotated to the contralateral 
side. This change in angle may increase the chance of passing 
the catheter from the subclavian into the ipsilateral internal 
jugular vein rather than into the SVC [ 62 ]. In other studies, 
having the patient’s head rotated towards the cannulation side 
failed to improve positioning of the catheter into the SVC 
[ 63 ,  64 ]. Trendelenburg position does not affect the caliber of 
the subclavian vein, which is held open in the fl at, supine posi-
tion by the fi brous attachments to the clavicle. Placing the 
patient in Trendelenburg still provides benefi t by increasing 
venous fi lling and minimizing the risk of air embolism [ 65 ]. 

 In preparation for subclavian vein cannulation, the patient 
is placed in a supine position in 10–15° of Trendelenburg. 
Adducting the patient’s ipsilateral arm will move the subcla-
vian vein closer to the underside of the clavicle. The shoul-
ders typically assume a more cephalad orientation with the 
patient in Trendelenburg position which can distort the ana-
tomic landmarks. This tendency should be countered by the 
use of gentle caudal arm traction. 

 The goal of subclavian venipuncture is to pass the needle 
below the clavicle and above the fi rst rib to puncture the sub-
clavian vein as it courses over the fi rst rib. The appropriate 
course for the needle passes immediately beneath the junction 
of the medial one-third and lateral two-thirds of the clavicle 
(Fig.  17.5 ). This junction or so-called “break” of the clavicle 
is the point at which the anterior convexity of the medial clav-
icle transitions into an anterior concavity laterally [ 65 ]. The 
needle should be inserted 1–2 cm inferior and lateral to this 
transition point, aiming the needle slightly deep to the sternal 
notch. The needle tip may initially come into contact with the 
clavicle. The needle should be “walked down” the clavicle to 
reach its underside. Keeping the needle parallel to the fl oor 

(the coronal plane) allows it to slide under the clavicle and 
enter the vein without injuring the lung or pleura. If the 
attempt is unsuccessful, these steps should be repeated with 
the needle pointed more cephalad.

   Kilbourne and colleagues examined video recordings of 
surgery and emergency medicine residents performing subcla-
vian cannulation during trauma resuscitation. They identifi ed 
six common technical errors, fi ve of which involved anatomic 
considerations including cutaneous puncture too close to the 
clavicle, passage of the needle through the clavicular perios-
teum, too shallow a trajectory beneath the clavicle, failure to 
identify landmarks properly, and orientation of the needle in a 
cephalad direction away from the sternal notch. The fi nal error 
was extravascular displacement of the needle after successful 
venipuncture but before introducing the guidewire [ 66 ]. Being 
aware of these errors can improve the teaching effectiveness of 
experienced operators and encourage safe practice among cli-
nicians learning the procedure.  

    Supraclavicular Approach 
 Bannon and colleagues published an excellent description of 
subclavian vein cannulation using a supraclavicular approach 
(Fig.  17.5a, b ) [ 67 ,  68 ]. The essential landmark for the supra-
clavicular approach is the lateral border of the clavicular 
head of the SCM muscle as it attaches to the clavicle. Turning 
the patient’s head to the contralateral side accentuates the 
posterior head of the SCM and provides unobstructed access 
to the subclavian vein [ 67 ]. The point of cutaneous puncture 
lies 1 cm superior and 1 cm lateral to the SCM attachment 
site. The junction of the SCM with the clavicle forms the 
claviculosternomastoid angle. The needle tip should be 
angled posteriorly 5–15° off a coronal plane and advanced 
along a line that bisects the claviculosternomastoid angle. 
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  Fig. 17.5    ( a ) Supraclavicular approach to subclavian vein cannulation. ( b ) Cross-sectional view through the medial third of the clavicle. The 
micropuncture needle is directed anterior to avoid inadvertent injury to the subclavian artery and pleural of the lung       
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This technique will lead to subclavian venipuncture between 
the clavicle and the anterior scalene muscle. Other authors 
suggest cutaneous puncture directly at the claviculosterno-
mastoid angle. The needle is then advanced along the cla-
viculosternomastoid angle bisector parallel and inferior to 
the clavicle to enter the vein at an insertion depth of 1–2 cm 
[ 63 ]. Anatomic data from three-dimensional computed 
tomography reconstructions suggest that, with the SCM- 
clavicular junction as a cutaneous puncture point, the needle 
should be oriented approximately 11° medially and 35° poste-
riorly as the needle is advanced approximately 1.4 cm to enter 
the vein. Unfortunately relatively large variation associated 
with these mean values limits their clinical utility [ 69 ]. In con-
trast to the infraclavicular approach, supraclavicular subcla-
vian cannulation can be facilitated by ultrasound guidance.   

    Femoral Vein 

 The femoral vein is not routinely used for long-term perma-
nent vascular access due to the higher rate of infection and 
thrombosis compared to the subclavian and internal jugular 
veins. Despite its drawbacks, femoral vein cannulation can be 
the only reasonable access site for patients with extensive 
upper extremity trauma and/or venous thrombosis and in dial-
ysis patients with central venous occlusion (SVC and innomi-
nate vein). During cardiopulmonary resuscitation (CPR), the 
femoral vein has the advantage of allowing  cannulation and 
access placement without interrupting CPR. Other indica-
tions for femoral vein access include the emergent need for 
hemodialysis or plasmapheresis. 

 To cannulate the femoral vein, the patient is placed in a 
supine position with the lower extremity extended and 
slightly abducted at the hip. If available, ultrasound should 
evaluate the patency of the common femoral vein before pre-
paring the sterile fi eld. A patent femoral vein should com-
pletely compress with pressure from the ultrasound probe; if 
it is not compressible, the contralateral femoral vein should 
be evaluated and considered for access. If ultrasound is not 
available, anatomic landmarks should be defi ned to facilitate 
femoral vein cannulation. The level of the inguinal ligament 
can be located by drawing an imaginary line from the ante-
rior superior iliac spine to the top of the pubic tubercle. One 
or two fi ngerbreadths below this line mark the inferior border 
of the inguinal ligament. The maximal pulsation of the femo-
ral artery should be identifi ed, and the access needle should 
be inserted 1 cm medial to the femoral artery pulse. It is criti-
cal to ensure that the femoral vein is punctured below the 
level of the inguinal ligament. Needle puncture above the 
inguinal ligament is actually a puncture of the external iliac 
vein which quickly becomes a deep retroperitoneal structure 
making it diffi cult to compress and achieve hemostasis if 
bleeding occurs [ 65 ]. 

 Morbid obesity poses a technical challenge for femoral 
vein access. A common pitfall is to confuse the inguinal 
crease formed by the overlying pannus with the inguinal 
ligament. With the pannus retracted cephalad, the anatomic 
landmarks marking the inguinal ligament can be identifi ed. 
Failure to identify the true level of the inguinal ligament 
often results in an inappropriately low skin puncture which is 
associated with a higher rate of access failure or inadvertent 
arterial injury. The previously described micropuncture tech-
nique involving a 21-gauge needle, 0.018-in. wire, and coax-
ial 3- and 5-F catheters can be used for femoral venipuncture 
as well. Many central line kits also provide an introducer 
syringe with a wire lumen coming through the plunger of the 
syringe. The needle and attached syringe should be intro-
duced at a nearly 90° angle. Once the vein has been punc-
tured, the angle should be dropped to 45° to allow the wire to 
easily advance through the syringe and into the femoral vein. 
The syringe is then removed, and a small skin incision is 
made with an 11 blade scalpel. After dilating the skin tract 
with a series of over-the-wire dilatators, the catheter can be 
inserted, secured, and fl ushed. Hemodialysis and plasma-
pheresis catheters should be long enough to reach the 
IVC. Short catheters that terminate in the iliac venous system 
often fail to provide adequate venous fl ow and are more 
prone to thrombosis and malfunction. 

 Ultrasound guidance can increase the safety and speed of 
femoral venous catheter placement. Using a technique similar 
to that described for internal jugular vein cannulation, ultra-
sonography performed during the procedure can identify the 
femoral vein and provide real-time imaging of the needle 
puncturing the vein. The femoral vein typically appears as 
larger caliber, easily compressible structure anteromedial to 
the pulsatile femoral artery.   

    Complications 

 Central VA continues to evolve with improvements in catheter 
material technology and the widespread acceptance of safer 
insertion techniques. Despite these advances, central venous 
catheter placement can still cause acute and delayed complica-
tions (Table  17.1 ). Rare injuries, including brachial plexus and 
laryngeal palsy, have also been reported during short- and 
long-term follow-up of patients with central VA [ 58 ]. 

    Acute Complications 

    Air Embolism/Foreign Body Embolism 
 Air embolism is a rare but potentially lethal complication 
that can occur during central VA via the internal jugular or 
subclavian vein. Although it is an entirely preventable prob-
lem, air embolism will occur if the practitioner fails to take 
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precautions during central venous catheter placement. In the 
most common clinical scenario, air enters the vascular sys-
tem through the needle, dilator, or sheath when the patient 
suddenly inhales or coughs. Acutely aspirating more than 
50–100 mL of air directly into the right atrium and ventricle 
can cause a fatal obstruction of the right side of the heart. 
Studies have demonstrated that negative intrathoracic pres-
sure can quickly entrain a large amount of air into the vascu-
lar system. A pressure difference of 4 cm H 2 O allows 90 mL/s 
of air to pass through a 4-cm, 18-gauge needle. Intubated 
patients have a lower risk of air embolism than spontane-
ously breathing patients due to the absence of negative intra-
thoracic pressure [ 7 ]. 

 To minimize the risk of air embolism, the lumen of the 
needle, dilator, or sheath should be covered at all times. 
Asking the patient to hum during catheter insertion decreases 
the chance of sudden inhalation or coughing [ 37 ]. Some 
catheter manufacturers have developed a sealing valve for 
the peel-away sheath that prevents air aspiration once the 
wire and dilator have been removed. Symptomatic air 
emboli can cause tachyarrhythmias, chest pain, cardiovas-
cular collapse, dyspnea, coughing, and hypoxemia. In the 
event of an air embolism, the patient should be turned onto 
their left side and placed into the Trendelenburg position. 
This maneuver is designed to trap the air in the right ven-
tricular apex; however, its effectiveness has not been rigor-
ously studied. Aspirating through the central venous catheter 
if it is in place can potentially remove some of the intracar-
diac air. The patient should also be placed on 100 % oxygen 
to increase resorption of the air pocket. Supportive measures 
including fl uid resuscitation and adrenergic agents should 
be used as needed. 

 Misadventures involving the guidewire or catheter can 
result in foreign body embolization. During insertion, the 
guidewire can become knotted or entrapped inside the cath-
eter leading to wire fracture and embolization. The catheter 
itself can also fracture and embolize due to the shear forces 
exerted by the wire [ 70 – 72 ]. Embolization of a wire or 
catheter segment can have severe consequences including 
perforation or infarction of the heart or occlusion of a 
great vessel. Retrieving an embolized foreign body can 
involve endovascular techniques using a loop snare device 
or open surgery to directly expose the affected vessel [ 73 ]. 
Removal of a small segment of catheter that fractured off 
and embolized is not always necessary if this foreign body 
does not pose an obvious danger [ 7 ]. Decisions about 
whether to intervene in these cases requires sound clinical 
judgment. Guidewires can also become entangled with a 
previously placed IVC fi lter causing displacement and 
structural compromise of the fi lter. Being aware of the 
IVC fi lter and using careful technique can usually prevent 
this complication [ 74 ].  

    Great Vessel Perforation/Inadvertent Arterial 
Catheter Placement 
 Iatrogenic cardiac perforation and inadvertent injury to the 
great vessels during central VA placement can result in 
hemothorax, cardiac tamponade, and mediastinal hematoma. 
Failure to recognize any of these conditions, alone or in com-
bination, can be fatal. Vessel    perforation and arterial mis-
placement that occur more frequently during internal 
radiographic signs of these complications include an atypical 
catheter course and tip position, pleural effusion, or widened 
mediastinum (Fig.  17.6 ). Jugular    and femoral vein catheter 
insertion than with subclavian access [ 4 ,  30 ,  75 ,  76 ].

   Prospective studies report a 6 % incidence of carotid 
artery puncture during internal jugular vein access [ 77 ]. 
Higher rates of carotid injury (18–25 %) have been reported 
in the pediatric population [ 75 ,  78 ]. Approximately 40 % of 
carotid punctures cause a hematoma, and failure to control 
the bleeding with manual compression can lead to airway 
obstruction, dissection, arteriovenous fi stula, cerebrovascu-
lar compromise, and death [ 77 ,  79 – 83 ]. Puncture of the sub-
clavian artery has a slightly lower incidence, occurring in 
0.5–4 % of patients undergoing central VA placement [ 4 , 
 30 ]. Hemothorax resulting from inadvertent arterial injury 
complicates about 1 % of vascular access cases [ 4 ]. In an 
unusual case, a hemothorax following dialysis catheter inser-
tion caused spinal cord infarction and quadriplegia [ 84 ]. 

 Perforation or cannulation of the carotid or subclavian 
artery by large-bore catheters occurs in up to 1 % of central 
VA procedures [ 85 – 87 ]. This complication can have serious 
and potentially fatal consequences including hemorrhage 

  Fig. 17.6    Chest x-ray after placement of jugular line.  Arrow  
 demonstrates catheter tip crossing midline with respect to the trachea       

 

K.S. Amankwah



247

and stroke [ 87 – 89 ]. Stroke and other neurological events 
occur in approximately 27 % of patients who sustain unin-
tentional arterial catheterization with an associated mortality 
rate of 20–40 % [ 85 ,  86 ]. 

 Minimizing the risk of arterial injury during central 
venous catheter insertion has two components:
    1.    Avoiding needle puncture of the artery   
   2.    Recognizing arterial cannulation before dilating or plac-

ing a large-bore catheter     
 Ultrasound guidance offers the most effective safeguard 

against needle puncture of the artery. Visualizing the tip of 
the needle when entering the vein lumen with real-time ultra-
sound imaging signifi cantly decreases the chance of arterial 
puncture [ 76 ,  90 ,  91 ]. It is important to understand that inad-
vertent arterial punctures can still occur even with the use of 
ultrasound guidance. These events usually involve incorrect 
identifi cation of the vascular structures or manipulation of 
the needle after venipuncture. The needle can then penetrate 
the opposite wall of the vein and puncture the underlying 
artery. Bright red, pulsatile blood fl ow from the needle usu-
ally alerts the operator that an arterial puncture has occurred. 
Unfortunately, this warning sign is not always recognized 
especially in clinical circumstances involving hypotension 
and hypoxemia. If the location of the needle or micropunc-
ture catheter is unclear, the catheter can be connected to a 
pressure transducer to confi rm low venous pressures and the 
absence of arterial pulsations before dilating and placing a 
large-bore catheter [ 76 ,  92 ]. Other methods have been 
described to identify an arterial puncture; however, none are 
infallible [ 80 ,  93 ]. Perforation of the aorta during central VA 
can occur in conjunction with a SVC injury [ 94 ]. An injury 
at the pericardial refl ection often leads to cardiac tamponade, 
which has a mortality rate exceeding 90 % [ 95 ,  96 ]. Aortic 
injuries can occur as a result of multiple venipuncture 
attempts or the improper use of large dilators [ 97 ,  98 ]. In a 
typical clinical scenario, forceful advancement of the dilator 
causes it to override the wire and perforate the central vein or 
SVC. The technique of frequently ensuring that the wire 
moves freely as the dilator is advanced can minimize the risk 
of this complication. 

 Recognizing and treating a great vessel injury require a 
high index of suspicion and prompt diagnostic imaging. A 
chest x-ray can be misleading while ultrasound provides lim-
ited visualization of intrathoracic structures. Diagnosing a 
central vessel injury can require a contrast-enhanced CT 
scan or catheter-directed angiography depending on the clin-
ical urgency. Balloon tamponade can provide temporary vas-
cular control while preparing for open surgical repair or 
endovascular intervention using a stent graft or closure 
device [ 99 – 102 ]. 

 Pseudoaneurysms and arteriovenous fi stulas represent rare 
complications of inadvertent arterial cannulation or vessel 

perforation [ 103 ,  104 ]. Arteriovenous fi stulas have an 
 incidence of 0.6 and 0.2 % after internal jugular and subcla-
vian vein access, respectively [ 81 ,  105 ]. Clinical signs of an 
arteriovenous fi stula include a palpable thrill or audible bruit 
in the neck. A pseudoaneurysm is a contained pocket of blood 
fl ow associated with an underlying arterial injury. Depending 
on the size and location, a pseudoaneurysm can present as a 
pulsatile mass or cause compressive symptoms on adjacent 
structures. Although fi stulas and pseudoaneurysms can cause 
acute symptoms, they usually have a delayed clinical presen-
tation [ 106 ]. Injury to the vertebral artery can also occur dur-
ing subclavian or internal jugular vein access and may be 
associated with an adverse neurological event [ 107 ]. 

 In the past, open surgical repair was the only treatment 
option for pseudoaneurysms and arteriovenous fi stulas 
resulting from VA procedures. Endovascular intervention 
including the use of stent grafts now offers an effective and 
less invasive alternative in many cases [ 106 ,  108 ]. Ultrasound- 
guided thrombin injection has been reported in the treatment 
of a carotid artery pseudoaneurysm; however, this technique 
should be used with caution because of the potential for cere-
bral embolization [ 109 ].  

    Catheter Malposition 
 For upper body central VA, the catheter tip should be posi-
tioned at the atrial-caval junction. In the absence of imaging 
guidance, catheter tip malposition occurs in 25–40 % of cases 
[ 76 ,  110 ]. The use of ultrasound and fl uoroscopic guidance 
increases the rate of accurate catheter placement to 90–100 % 
[ 17 ]. Advancing the catheter too far so that its tip lies within the 
heart itself increases the risk of cardiac tamponade and dys-
rhythmia [ 91 ]. At the other extremes, failing to advance the 
catheter centrally and leaving the tip positioned in the more 
cephalad SVC can increase the risk of catheter malfunction and 
thrombosis which can also be life threatening if a pulmonary 
embolism occurs [ 169 ]. The angle of the catheter should also 
be considered during positioning. The left brachiocephalic vein 
joins the SVC at nearly a right angle [ 170 ]. Catheters inserted 
from the left side should therefore be advanced further to lie 
within the proximal right atrium in order to prevent the catheter 
tip from impinging on the SVC wall. 

 Catheters placed via the internal jugular veins have fewer 
prospects for malposition compared to subclavian vein cath-
eters [ 4 ]. Misplacement of the catheter from the subclavian 
vein, retrograde into the ipsilateral internal jugular vein 
reportedly occurs in up to 15 % of access placement [ 62 ,  112 ]. 
Maneuvers that can help avoid this complication involve turn-
ing the patient’s head towards the insertion side and manual 
compression of the ipsilateral jugular vein during advance-
ment of the wire [ 113 ]. Ultrasound guidance can also detect 
anatomic variation and assist in appropriate placement of the 
catheter tip in both children and adults [ 114 ].  
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    Pneumothorax 
 Pneumothorax is a common and potentially life-threatening 
complication of central venous catheterization comprising 
up to 30 % of all mechanical adverse events [ 115 ,  116 ]. The 
rate of pneumothorax ranges from 0 to 6 %; however, rates as 
high as 12 % have been observed with inexperienced opera-
tors [ 117 ]. The risk of pneumothorax increases with the 
number of needle passes, emergency access indications, and 
insertion of large-diameter catheters such as the ones used 
for hemodialysis [ 110 ]. 

 Although symptoms of an iatrogenic pneumothorax can 
become apparent as early as 6 h post procedure, not all 
patients have acute symptoms [ 118 ]. Delayed pneumothorax 
reportedly occurs in 0.5–4 % of insertions [ 116 ,  119 ,  120 ]. 
Mitigating the risk of a pneumothorax requires heightened 
awareness and caution especially when catheter insertion 
proves to be technically challenging. A small pneumothorax 
often remains asymptomatic and may not require interven-
tion if the visceral pleura is less than 2–3 cm from the pari-
etal pleura [ 37 ]. Symptomatic or large pneumothoraces 
usually resolve after placing a pigtail catheter or small- 
caliber chest tube with a Heimlich valve. A tension pneumo-
thorax requires urgent decompression with a 14-gauge 
needle placed in the second intercostal space, midclavicular 
line followed quickly by chest tube insertion in the standard 
location. Awareness and observation for re-expansion pul-
monary edema should also be part of the pneumothorax 
treatment algorithm, particularly if the patient is being 
treated on an outpatient basis [ 121 ]. Re-expansion pulmo-
nary edema occurs in 1–14 % of patients with a pneumotho-
rax [ 122 ,  123 ]. 

 Recent literature suggests that clinician performed bed-
side ultrasound can assist in the immediate diagnosis of a 
pneumothorax. Ultrasonography has greater sensitivity and 
accuracy than a supine chest x-ray making it more compa-
rable to a chest CT scan [ 124 – 126 ]. The drawbacks of ultra-
sound include the dependency on operator skill and the 
limitations imposed by patient factors and equipment [ 127 ].   

    Delayed Complications 

    Catheter-Related Infections 
 Infection, the most common long-term complication of cen-
tral VA, occurs with an incidence of 5.3 per 1,000 catheter 
days and has an associated mortality rate as high as 35 % [ 4 , 
 128 ,  129 ]. Multiple factors play a role in the pathogenesis of 
CRI. Approximately 50 % of CRI involve the patient’s skin 
fl ora and are caused by coagulase-negative staphylococci. In 
contrast, gram-negative rods cause most of the infections 
associated with groin catheter insertions [ 130 ]. Although 
catheter removal is not necessary to eradicate coagulase- 
negative staphylococcus, CRI caused by  S. aureus ,  Candida , 

 Pseudomonas , or  Stenotrophomonas maltophilia  usually 
warrant immediate catheter removal [ 131 ,  132 ]. The risk of 
CRI increases if the insertion site carries a heavy bacterial 
burden regardless of the aseptic measures taken during cath-
eter placement [ 134 ]. During emergency situations with sub-
optimal sterile preparation, the risk of catheter infection 
increases, and catheters inserted under these conditions 
should be replaced or removed as soon as safely possible. 
Catheter insertion protocols that use maximum sterile barrier 
precautions reduce the risk of CRI [ 44 – 46 ]. Using chlorhexi-
dine in place of iodine or alcohol appears to be more effec-
tive in reducing CRI and is recommended as the preferred 
method for skin disinfection [ 47 – 49 ]. 

 The risk of CRI increases when thrombus forms around 
the catheter tip or at the site where the catheter penetrates the 
vessel wall [ 135 ,  136 ]. Thrombus formation occurs in 
30–70 % of patients when the catheter indwelling time 
exceeds 1 week [ 135 ,  137 – 139 ]. Although heparin coating 
may reduce the thrombogenicity of catheters, the potential 
risk of heparin-induced thrombocytopenia limits their use 
[ 140 ]. The risk of thrombosis also increases with the extent 
of vessel damage at the time of catheter placement [ 141 ]. 

 Catheter indwelling time has a strong association with the 
risk of infection [ 130 ]. The risk of CRI is nearly zero for 
catheters in place less than 3 days. Infection risk increases to 
3–5 % for catheters in place 3–7 days, and the overall cumu-
lative risk is 5–10 % if a catheter is in place more than 7 days 
[ 136 ,  142 ,  143 ]. 

 The patient’s underlying condition and comorbidities also 
infl uence the risk of CRI [ 144 – 146 ]. Patients suffering from 
neutropenia and those receiving immunosuppressive therapy 
other than steroids have an increased risk of CRI [ 145 ,  147 , 
 148 ]. Long-term total parenteral nutrition and the presence 
of malignancy also increase the risk of CRI [ 149 ,  150 ]. 
Patients with a remote source of infection, such as the lower 
respiratory tract or urinary tract, are at increased risk for 
CRI; however, no studies suggest that patients with diabetes 
have an increased risk of CRI [ 151 ]. 

 The physical properties of central venous catheters can 
affect the risk of infection. Several reports demonstrate that 
infection rate increases with the number of catheter lumens 
[ 11 ,  12 ,  136 ,  154 ,  155 ]. This fi nding may result from the 
increased manipulation associated with multi-lumen cathe-
ters especially in the critically ill patient [ 4 ,  153 ]. Catheters 
can be made from silicone, polyurethane, Tefl on, polypro-
pylene, and polyvinylchloride. Each material has a different 
thrombotic tendency which may infl uence the risk of infec-
tion [ 7 ]. TCs have a Dacron cuff, which allows tissue in 
growth to immobilize the catheter below the skin surface. In 
theory, the cuff creates a barrier for bacterial migration which 
may explain why TCs have a lower risk of infection com-
pared to non-cuffed catheters [ 128 ]. TCs offer a low mainte-
nance and relatively durable solution for patients with 
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long-term vascular access needs. Tunneling offers protection 
when care and maintenance may not be optimal, such as 
treatment received in the home setting or when the catheter 
is in proximity to an open wound. 

 For patients with chronic kidney disease, infection ranks 
second to cardiovascular disease as a leading cause of death 
[ 156 ]. Non-tunneled dialysis catheters are more susceptible to 
CRI compared to tunneled dialysis catheters (3.8–6.6 infec-
tion episodes/1,000 days vs. 1.6–5.5 infections/1,000 days) 
[ 58 ]. In patients receiving hemodialysis, TCs have a longer 
functional life span and a decreased incidence of infection 
[ 157 ]. Treatment strategies for catheter-related infections vary 
with the severity of the infection, the type of catheter involved, 
and the clinical presentation. Exit site infections may present 
with erythema, exudate, and crusting of the skin around the 
catheter. These infections rarely cause systemic illness, and 
blood cultures remain negative. Non-tunneled dialysis cathe-
ters with evidence of an exit site infection should be removed 
and replaced in 24–48 h under appropriate antibiotic coverage. 
Tunneled dialysis catheters with limited exit site infection can 
be treated with local wound care and topical antibiotics. 
Drainage around the catheter from the tunnel should be cul-
tured and treated with antibiotics. Clinical deterioration of the 
patients or failure to respond to conservative management 
mandates immediate removal of the TC. 

 Bloodstream infections are the most serious manifesta-
tion of CRI and represent a potentially lethal complication 
with an incidence of 1.5–5.5 episodes per 1,000 catheter 
days [ 151 ,  158 ]. Dialysis patients with catheter-related bac-
teremia can present with acute onset of fever, chills, or 
 hypoglycemia. Immunosuppressed and elderly patients may 
present with atypical signs such as confusion, hypothermia, 
and lethargy. Quantitative cultures from the periphery and 
the catheter can aid in making the diagnosis. If the cultures 
from the catheter have fi ve- to tenfold more bacterial colo-
nies than the peripheral blood, the catheter is implicated as 
the source of infection [ 159 ]. All catheter-related bactere-
mias require antibiotic treatment initially directed at staphy-
lococcus and streptococcus and then adjusted to the fi nal 
culture results. In selected cases, antibiotic treatment alone 
may resolve the infection. Marr and associates salvaged 
31 % of catheters using antibiotic therapy alone without any 
evidence of systemic complications [ 151 ]. 

 Antibiotics usually fail to eliminate catheter-associated 
infections because of the presence of biofi lm on the catheter 
surface [ 160 ]. The absence of clinical improvement 36 h 
after initiation of antibiotic therapy warrants removal of the 
catheter. Several reports support the practice of exchanging 
the infected catheter over a guidewire as long as the infection 
does not involve the tunnel track or the exit site. A 2-year 
prospective observational study of patients with catheter- 
related bacteremia evaluated three treatment strategies. 
Patients were treated by guidewire exchange, guidewire 

exchange with a creation of a new tunnel, and catheter 
removal and replacement. All three treatment modalities had 
satisfactory and statistically equivalent cure rates (87.8, 75, 
and 86.5 %, respectively) [ 161 ]. Infections that persist after 
catheter exchange require removal and a 48–72-h “catheter 
holiday” before replacement.  

    Venous Stenosis 
 Venous stenosis appears to start forming as soon as a catheter 
is inserted. Damage to the intima during needle puncture 
(vessel injury), venous stasis (decreased vessel diameter), 
and hypercoagulability (vessel injury and catheter composi-
tion) all contribute to venous stenosis. Subclavian vein cath-
eters may have the highest incidence of stenosis [ 19 ]. As 
discussed earlier in the chapter, subclavian vein stenosis can 
have a signifi cant negative impact on future attempts to 
establish ipsilateral upper extremity arteriovenous access. A 
subclavian vein catheter should therefore be avoided in 
patients that may require dialysis. Treatment options for 
venous stenosis have been discussed in Chap.   19    .  

    Thrombotic Complications 
 Thrombotic complications of central VA vary in severity 
ranging from a fi brin sheath that forms only around the cath-
eter itself to an occlusive clot that becomes a fatal venous 
thromboembolism. Several studies report a 33–67 % inci-
dence of thrombus formation for central venous catheters 
with indwelling times of 1 week or more [ 137 ,  138 ,  162 ]. 
Overt symptoms of thrombosis occur in a smaller number of 
patients since many thrombotic catheter complications 
remain clinically silent [ 162 ]. The rate of catheter-related 
venous thrombosis appears to be lower in the subclavian vein 
as opposed to the internal jugular and femoral veins [ 76 ]. 
Trottier et al. reported a 22–29 % rate of thrombosis for fem-
oral vein catheters compared to 2 % for subclavian vein 
access [ 163 ]. Patients with cancer have an even higher rate of 
catheter-associated vessel thrombosis (41 %) with pulmo-
nary embolism developing in 11 % of patients [ 164 ]. 
Although catheter-related thrombosis in cancer patients 
often responds to acute treatment, the underlying hyperco-
agulability makes it diffi cult to achieve long-term relief 
[ 165 ]. A review of the literature by Vescia and colleagues 
cautioned against routine prophylactic anticoagulation in 
cancer patients with venous catheters as a means of prevent-
ing catheter-induced thrombosis [ 166 ]. They suggested that 
each institution should assess its rate of catheter-associated 
thrombosis to facilitate a more individualized approach to 
thromboprophylaxis in patients with central VA. This clini-
cal strategy can also be applied to patients without cancer. 

 The pathogenesis of catheter-associated thrombus forma-
tion involves injury to the endothelium, disruption of laminar 
blood fl ow induced by local trauma, and catheter thromboge-
nicity [ 7 ,  164 ]. The infusate traveling through the catheter and 
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the patient’s underlying disease process may also contribute to 
thrombus formation [ 167 ]. Although a fi brin sheath contrib-
utes to catheter malfunction and occlusion, it does not always 
portend vessel thrombosis [ 164 ]. The fi brin sheath is usually 
present 24 h after catheter insertion originating from the site of 
catheter insertion and slowly growing with fi brin and platelet 
deposit until it reaches the end of the catheter. At the catheter 
tip, the fi brin sheath can cause intermittent obstruction during 
aspiration while infusion through the catheter remains unim-
peded. Postural changes or having the patient perform the 
Valsalva maneuver can often overcome the fi brin sheath allow-
ing for blood aspiration [ 7 ]. If both aspiration and infusion are 
diffi cult, slow infusion of tissue plasminogen activator 1 mg/h 
for a few hours or 5,000–10,000 U of streptokinase may clear 
the catheter and restore patency [ 168 ]. If this fails, exchanging 
the catheter over a guidewire or stripping the fi brin sheath off 
of the catheter using an endovascular loop snare offers treat-
ment alternatives.    

    Conclusion 

 Although it is often perceived as a minor procedure, placing 
a central venous catheter can have a signifi cant impact on a 
patient’s well-being. Access to the central venous system 
allows patients to receive lifesaving and life-sustaining ther-
apy including resuscitation from shock, acute and long-term 
hemodialysis, total parenteral nutrition, and chemotherapy. 
Establishing safe and reliable central VA will therefore 
 continue to play an essential role in healthcare delivery. 
Surgeons charged with placing central venous catheters must 
be aware of the indications, contraindications, and inherent 
risks associated with central VA placement. Decisions 
regarding the type of catheter and the access site location 
should be individualized based on the patient’s specifi c needs 
and clinical condition. The most important technical aspects 
of central VA placement involve appropriate patient posi-
tioning, identifying anatomic landmarks, and the use of 
ultrasound imaging. Ultrasound guidance has a well-docu-
mented track record of reducing cannulation time, decreas-
ing failed attempts, and enhancing safety. In many institutions 
ultrasound imaging for central VA has evolved from an 
adjunctive technique to the standard of care. 

 Proper technique and safety precautions can minimize, 
but not eliminate the risk of catheter-associated complica-
tions. Surgeons must recognize and quickly respond to cen-
tral VA insertion complications to avoid acute cardiovascular 
collapse. Non-life-threatening complications also require 
appropriate management to ensure reliable central VA in the 
long term without compromising future access needs. This 
chapter clarifi es the key concepts and highlights the central 
role that surgeons play in safely and effectively establishing 
central VA.     
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           Introduction 

       The goal of placing an arteriovenous fi stula or graft is to cre-
ate a prominent, high fl ow vascular circuit that can be easily 
punctured for hemodialysis with minimal complications. To 
accomplish these goals, the fi stula or graft should be at least 
6 mm in diameter, have a blood fl ow rate of 600 ml/min, and 
be no deeper than 6 mm with discernable margins [ 1 ]. To 
allow multiple needle puncture sites, the usable length of the 
access should be at least 6 cm, but ideally 10 cm.  

    Preplacement Evaluation 

    Timing of Referral 

 Evaluation for a primary AV fi stula should ideally begin at 
least 6 months in advance of starting dialysis. This time 
interval allows for evaluation, placement, maturation, and 
possible revision of an AV fi stula. Autogenous fi stulas take 
at least 6 weeks to mature and may require an intervention, 
such as ligation of competing vein tributaries or angioplasty 
of a stenotic segment, before being adequate for use. In some 
patients, a primary fi stula never matures and a new fi stula 
must be created. In contrast, an AV graft typically takes only 

2 weeks to incorporate into the wound, although it may take 
slightly longer for the edema to resolve. AV grafts can there-
fore be placed closer to the time of hemodialysis initiation.  

    History and Physical Exam 

    History 
 A thorough history should be taken prior to dialysis access 
placement. Particular attention should be paid to conditions 
which may have damaged the venous integrity including: 
previous AV access, multiple peripheral intravenous (IV) 
catheters, peripherally inserted central catheter (PICC) lines, 
central venous catheters, pacemaker/defi brillator, IV drug 
abuse, and a history of deep venous thrombosis (DVT) or 
superfi cial phlebitis. For example, central venous catheters 
and pacemakers can lead to central venous stenosis or 
chronic occlusion. Any known blood pressure asymmetry, 
prior arterial reconstruction, or history of ischemic steal syn-
drome must be identifi ed. Choosing the best access site 
requires knowledge and investigation of anything that could 
affect the quality of the arteries or veins. 

 The nondominant arm should be used when possible. If 
one arm has some disability, such as spastic paralysis or 
chronic pain, that limb should be avoided for access place-
ment. The patient’s pursuits and personal hobbies should be 
considered as well (e.g., playing guitar, fl y fi shing, work as 
an electrician) when selecting the side of the access to avoid 
interfering with these activities. The patient should be made 
aware of the potential for functional steal syndrome which 
may hinder some activities. Any previous surgeries involving 
the arm, shoulder, or chest should also be noted since they 
may affect the access location chosen. Table  18.1  lists some 
pertinent aspects of the history.

       Physical 
 A    complete physical examination should be performed giv-
ing particular attention to the vascular system. To evaluate 
the arterial system, bilateral blood pressures and pulses 
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should be assessed along with an Allen’s test to check for an 
incomplete palmar arch. A blood pressure difference greater 
than 15 mmHg between arms is signifi cant and should war-
rant further testing if the arm with the lower pressure is 
planned for access placement. In most cases, the arm with 
the higher blood pressure should be used. Tissue loss in the 
fi nger tips or hand should also be noted as this fi nding could 
indicate underlying arterial occlusive disease. Since hand 
perfusion will decrease after access placement, any tissue 
loss should be resolved before surgery. Venous obstruction 
can manifest as edema, discoloration, collateral veins on the 

arms or chest, or a difference in arm size. The cardiopulmonary 
systems should be evaluated for signs of heart failure. 
Table  18.2  summarizes the pertinent components of the 
physical examination.

        Imaging 

    Ultrasound Vein Mapping 
 As a cost-effective, noninvasive exam that does not require 
contrast, duplex ultrasound is an ideal imaging modality for 
evaluating possible autogenous access sites in patients with 
chronic kidney disease. In addition to measuring the diame-
ter, superfi cial veins should be assessed for large branches, 
thrombosis, and thickened walls (evidence of previous phle-
bitis). The deep venous system should also be evaluated for 
deep venous thrombosis. A sample vein mapping worksheet 
is shown (Fig.  18.1 ) summarizing diameters at multiple 
points along the upper extremity. In general, a vein diameter 
of at least 3 mm is preferred for establishing a native arterio-
venous fi stula.

       Venography 
 Venography should not be routinely performed (especially in 
patients not on dialysis yet) because it is an invasive exam 
that requires contrast. Patients who have a pacemaker or a 
history of central venous catheters (especially subclavian), 
as well as those with signs of central venous stenosis, should 
be considered for venography to assess the central veins. 
Venography to evaluate the veins in the upper extremity 
should be used selectively.    

    Order of Site Preference Principles 
and Guidelines 

    Fistula First, Catheter Last Principles 

 The National Kidney Foundation Kidney Disease Outcomes 
Quality Initiative (NKF-KDOQI) ranks the order in which 
AV access for dialysis should be attempted, which follows 
the principles of “fi stula fi rst, catheter last”.    The recommen-
dations generally describe placement of autogenous AV fi s-
tulas, followed by grafts in distal to proximal locations in the 
upper extremities. The fi rst choice is a “snuffbox”    radial- 
cephalic AV fi stula followed by more proximal upper extrem-
ity AV fi stulas, then AV grafts. Once all upper extremity 
locations have been used, alternative sites, such as axillary 
and lower extremity fi stulas may be considered. Catheters 
are used for permanent hemodialysis access as a last resort. 
These guidelines are based on the survival and safety advan-
tages of autogenous AV fi stulas over AV grafts and catheters. 
The order of preferences is summarized in Table  18.3  [ 1 ].

   Table 18.1    History   

 History  No  Yes  Comments 

 Previous AV access 
 Previous central catheter, PICC line, 
pacemaker, or defi brillator 
    Previous venous disease (DVT, 
superfi cial thrombophlebitis) 
 Intravenous drug abuse 
 Arm disability, relevant activities 
 Previous surgery 
 Heart disease or diabetes mellitus 
 Anticoagulant th erapy or coagulation 
disorder 
 Dominant hand  Right  Left 

   AV  arteriovenous,  DVT  deep vein thrombosis,  PICC  peripherally 
inserted central catheter  

   Table 18.2    Physical exam   

  Physical exam (vascular)    Right    Left    Comments  
 Bilateral blood pressures 

 Brachial 
 Ankle 

 Peripheral pulses, +/− Doppler 
 Carotid 
 Brachial 
 Radial 
 Ulnar 
 Femoral 
 Popliteal 
 Posterior tibial 
 Dorsal pedal 

 Allen’s test  nl/abnl  nl/abnl 
 Tissue loss  yes/no  yes/no 
 Edema  yes/no  yes/no 
 Discoloration  yes/no  yes/no 
 Collateral veins  yes/no  yes/no 
 Arm size  nl/abnl  nl/abnl 

  Physical exam (other)    Comments  
 Cardiac  nl/abnl 
 Pulmonary  nl/abnl 

   nl  normal,  abnl  abnormal  
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       Advantages and Drawbacks 
of Autogenous AV Fistulas 

 Patients with autogenous AV fi stulas have safer, more effec-
tive dialysis and live longer than patients with AV grafts and 
catheters. AV fi stulas are superior to grafts and catheters 

with regard to infection rate, thrombosis rate, long-term 
patency, and cost [ 2 ]. A drawback of autogenous AV fi stulas 
is their maturation time of at least 6 weeks compared to 
grafts which require 2 weeks and catheters which are ready 
for use immediately. Autogenous AV fi stulas also have a 
higher primary failure rate, and some fi stulas never mature. 

UPPER EXTREMITY VEIN MAPPING
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  Fig. 18.1    Vein mapping worksheets showing a typical upper extremity mapping of the bilateral basilic and cephalic veins. Note multiple locations 
for sequential diameters recorded       

   Table 18.3    Order of preference guidelines for AV access   

 Fistula/Graft type  Advantages  Drawbacks 

  Preferred  
 Radial-cephalic fi stula (snuffbox 
followed by wrist) 

 The preferred fi rst location, straightforward 
procedure, preserves proximal sites 

 Lower fl ow, slower maturation, higher risk 
of hand ischemia 

 Brachial-cephalic fi stula  Higher fl ow, more reliable maturation  Increased incidence of edema and ischemic 
steal syndrome may require superfi cialization 

 Brachial-basilic (transposition) fi stula     Less likely to have been previously 
accessed due to its deeper and more medial 
location 

 Increased pain and edema postop, increased 
risk of ischemic steal syndrome, kinking if 
tunneling, requires transposition of length of 
basilic vein, technically challenging in obese 

  Acceptable  
 Forearm loop AV graft  Shorter lag time, easy cannulation  Infection, thrombosis, postop pain and 

edema, lower fl ow than more proximal grafts 
 Upper arm AV graft (straight 
or curved followed by loop) 

 Higher blood fl ow than distal grafts  Infection, increased risk of ischemic steal 
syndrome 

 Femoral AV graft  High blood fl ow  Infection, ischemia, diffi culty positioning for 
dialysis, diffi cult if obese 

 Necklace AV graft  Infection, thrombosis, not for patients who 
need sternotomy 

  Avoid if possible  
 Tunneled HD catheter  Immediate access  Last resort due to infection and thrombosis 
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Balloon angioplasty maturation (BAM) has emerged as a 
promising technique to improve maturation of small caliber 
autogenous AV fi stulas. BAM involves sequential dilation to 
create a controlled rupture of the vein which then remodels 
into a large caliber vascular conduit [ 3 ].   

    Technical Details 

    General Operative Considerations 

    Anesthesia 
 AV access placement can be done under general anesthesia, 
regional block, or local anesthesia with sedation. The author 
(VG) uses the latter for the vast majority of primary proce-
dures. General anesthesia or regional blocks are generally 
used for more complex or redo procedures. Selected patients 
with complicating conditions (e.g., claustrophobia, chronic 
back pain, psychologic disturbances) may require general 
anesthesia.  

    Heparin 
 Evidence supporting a clear benefi t for intraoperative hepa-
rin during AV fi stula surgery remains elusive. Some studies 
showed no difference in bleeding complications, and 30-day 
patency rates with systemic heparin administration [ 4 ] and 
others demonstrated an increased risk of bleeding with hepa-
rinization and no benefi t in terms of primary patency [ 5 ]. The 
use of systemic heparin in the creation of AV fi stulas is there-
fore based on surgeon preference and experience.  

    Tunneling 
 To avoid kinking or twisting of the vein, proper orientation 
should be maintained by marking the vessel along one sur-
face prior to tunneling. The vein should be tunneled superfi -
cially to make it easier to defi ne and puncture for dialysis. It 
is important to note that the position of the patient’s arm dur-
ing the operation (abduction) is usually different than the 
more anterior position of the arm during dialysis. Unimpeded 
access should be possible when the arm is in a natural posi-
tion for the patient. Access placement issues become more 
important in patients with redundant tissue or decreased 
mobility.  

    Anastomosis 
 The anastomotic diameter should be limited to minimize 
the risk of hemodynamic steal syndrome. Although they 
are not defi nitive, guidelines for the size of the anastomosis 
have been proposed. For the brachial artery, the anasto-
motic diameter should be 4–6 mm [ 6 ,  7 ]. For radial artery 
fi stulas, the anastomotic diameter should be between 5 and 
8 mm [ 8 ].  

    Thrill/Pulse 
 The presence of a thrill over the new AV fistula should be 
noted both before and after closure of the incisions. A 
distal pulse should be palpated. If it is not palpable, the 
pulse should be reevaluated during manual compression 
of the AVF. If the pulse returns with AVF compression, 
then the arterial flow is intact. If the pulse does not return, 
further investigation is warranted for arterial thrombosis 
or embolus. At a minimum, good distal Doppler signals 
and capillary refill should be present before leaving the 
operating room.   

    Surgical Exposures 

 This section describes the common exposures for isolating 
the radial, brachial, axillary, and femoral vessels. 

    Radial Artery 
 A longitudinal incision is made along the lateral wrist over or 
just lateral to the radial pulse (Fig.  18.2 ). The radial artery is 
located just lateral to the fl exor carpi radialis tendon.

       Brachial Artery and Vein 
 Brachial artery exposure typically involves a transverse 
incision just distal to the antecubital crease (Fig.  18.3a, b ). 

  Fig. 18.2    Wrist dissection showing the main structures of the radial 
artery, cephalic vein, and branch of the radial nerve       
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To expose the brachial artery, the aponeurosis of the biceps 
tendon is partially divided. The brachial artery should be 
isolated both proximally and distally with vessel loops. 
Small arterial branches should also be identifi ed and isolated 
with vessel loops. The nerve closest to the brachial artery is 
the median nerve, which is medial to the vessels. This nerve 
is more prominent during exposure proximal to the antecu-
bital crease.

   For dissection proximal to the antecubital crease, the 
patient’s arm is abducted to 90°. A longitudinal incision is 
made on the medial arm over the groove between the 
biceps and triceps muscles (Fig.  18.4 ). The basilic vein can 
be visualized medial to the brachial sheath. The median 
and ulnar nerves are usually encountered during the 
dissection.

       Femoral Artery and Vein 
 A longitudinal or oblique incision should be made just distal 
to the inguinal ligament (Fig.  18.5 ). The dissection is carried 
down to the common femoral artery. The femoral bifurcation 
is identifi ed and isolated. The dissection is then continued 
medially to expose the femoral veins. The common femoral, 
deep femoral, proximal femoral, and saphenofemoral junc-
tion are isolated and controlled. The femoral nerve is lateral 
to the artery and should not be visualized during the standard 
dissection.

        Access Types 

 Common access procedures are described below. Most infor-
mation regarding access failure and outcome are single- center 
retrospective reviews. Some representative studies are 
included to give a general sense of outcome; however, there 
can be variability between different studies and time periods.   

  Fig. 18.3    ( a ) Transverse incision just distal to the antecubital crease 
showing the cephalic vein, median cubital vein, and the bicipital apo-
neurosis overlying the brachial artery and vein. ( b ) Dissection carried 

deeper with transaction of the bicipital aponeurosis and exposure of the 
brachial artery and veins       

  Fig. 18.4    The brachial artery is dissected out proximally. Note the bra-
chial artery and surrounding brachial veins with crossing branches. The 
median nerve and ulnar nerves can be exposed in this dissection       
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    Wrist/Forearm Fistulas 

    Radial-Cephalic (Brescia-Cimino) Fistula 

    Procedure 
 A radial artery-cephalic vein AV fi stula (Fig.  18.6 ) can be 
created at either the “snuff box” or the wrist. The “snuff 
box” is the preferred location. One or two longitudinal inci-
sions can be used depending on patient anatomy and sur-
geon preference. The cephalic vein is dissected, and side 
branches ligated and divided so that enough length is 
obtained to transpose the cephalic vein over to the radial 
artery. Care should be taken to protect the superfi cial radial 
nerve and its branches which lie between the cephalic vein 
and radial artery. The cephalic vein is then transected, and 
its distal end suture ligated. When two incisions are used, 
the natural orientation of the vein must be maintained to 
avoid twisting and kinking when the vein is tunneled under 
the skin bridge for the anastomosis with the artery. An end-
to-side anastomosis is then created between the end of the 
cephalic vein and a longitudinal or oblique incision on the 
radial artery.

       Advantages/Drawbacks 
 A radial-cephalic AV fi stula has the advantage of being a 
straightforward operation with few complications which pre-
serves more proximal vessels for future access. 

 The drawbacks include a lower blood fl ow rate and longer 
maturation time. The overall primary failure rate ranges from 
15 to 39 % [ 9 – 12 ] which is higher than brachiocephalic and 
brachiobasilic AV fi stulas [ 13 ]. The 1- and 2-year cumulative 
patency rates for radial-cephalic AVF are 62–69 % and 
50–57 %, respectively [ 9 – 11 ]. Because this procedure has an 
increased risk of hand ischemia, an Allen’s test should be 
performed preoperatively to confi rm a patent palmar arch. 
If a side-to-side anastomosis is performed, venous hyperten-
sion in the hand may result. In obese patients, a superfi cial-
ization procedure may be necessary to make the fi stula easier 
to defi ne and puncture.   

    Radial-Basilic Fistula 

    Procedure 
 A radial artery-basilic vein AV fi stula is an uncommon AV 
access that is used in only a small number of patients 
compared to the radial artery-cephalic vein AV fistula. 
A medial incision is made along the length of the forearm 
to mobilize the basilic vein (Fig.  18.7 ). The basilic vein is 
transected near the wrist and transposed anteriorly through 

  Fig. 18.5    A vertical incision is made over the femoral vessels. The 
common femoral artery and the bifurcation into the superfi cial and deep 
femoral arteries are shown. The medial femoral vein and saphenofemo-
ral junction are also shown       

  Fig. 18.6    Radial cephalic AV fi stula       
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a subcutaneous tunnel. The distal end of the basilic vein is 
then connected to the radial artery by an end-to-side anasto-
mosis. The ulnar artery can also be used for arterial infl ow, 
or the basilic vein can be formed into a loop in the forearm 
and connected to the brachial artery.

       Advantages/Drawbacks 
 A radial-basilic AV fi stula offers another autogenous access 
option in the forearm before moving on to the upper arm. 
The maturation rate and patency rates appear relatively com-
parable to other forearm AV fi stulas [ 14 ,  15 ]. The main 
drawback is the more extensive dissection required to mobi-
lize the basilic vein.    

    Upper Arm Fistulas 

    Brachial-Cephalic Fistula 

   Procedure 
 A brachial artery-cephalic vein AV fi stula can be created 
through a single transverse incision just proximal or distal to 
the antecubital fossa or two parallel longitudinal incisions on 
the upper medial arm (Fig.  18.8 ). The cephalic vein is dis-
sected and mobilized to gain enough length so that it can 

reach the brachial artery without tension. The distal end of 
the cephalic vein is then transected. When using the two-
incision technique, the cephalic vein is transposed through a 
subcutaneous tunnel to create the AV anastomosis. An end-to 
side anastomosis is then created between the cephalic vein’s 
free end and the side of the brachial artery.

      Advantages/Drawbacks 
 The higher blood fl ow in brachial-cephalic AV fi stulas results 
in a more reliable maturation rate compared to wrist fi stulas. 
The 1- and 2-year cumulative patency rates were 72–75 % 
and 75–78 %, respectively [ 11 ,  16 ]. 

 The downside of higher blood fl ow is a higher incidence 
of edema and ischemic steal syndrome compared to fore-
arm AV fi stulas. The cephalic vein can also be too deep to 
reliably puncture in obese patients. Since standard dialysis 
needles are only one inch in length, a superfi cialization pro-
cedure may be necessary if the vein is more than 1 cm deep 
after arm edema has resolved (usually 4–6 weeks postop-
eratively). Superfi cialization is accomplished by either the 
“fi stula elevation procedure”, where the vein is dissected 
free and the subcutaneous tissue is then closed beneath the 
vein [ 17 ], or by lipectomy [ 18 ]. These procedures can also 
be performed on radial-cephalic or brachial-basilic AV 
fi stulas.   

  Fig. 18.7    Radial basilic AV fi stula         Fig. 18.8    Brachiocephalic AV fi stula which is placed proximally to the 
antecubital crease       
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    Brachial-Basilic (Upper Arm Transposition) 
AV Fistula 

   Procedure 
 A brachial artery-basilic vein AV fi stula can be created using 
a one-stage or two-stage approach. In the one-stage approach, 
a longitudinal incision on the upper medial arm is used to 
mobilize the basilic vein from the antecubital crease to its 
confl uence with the brachial vein leading into the axillary 
vein (Fig.  18.9 ). Care should be taken to avoid the surround-
ing nerves. A segment of the brachial artery is then isolated 
in the distal upper arm. After marking its anterior surface for 
orientation, the basilic vein is transected distally and tun-
neled in an anterolateral fashion through the subcutaneous 
tissue. One or two counter incisions can help facilitate the 
tunnel. A laterally raised subcutaneous fl ap can also be used 
instead of a tunnel. An end-to-side anastomosis is then 
 performed to the brachial artery. Typically a drain is left in 
the dissection bed.

   In the two-stage approach, a single transverse incision is 
made just distal to the antecubital crease [ 19 ,  20 ]. The 
basilic vein or the median antecubital vein leading to the 
basilic vein is transected, and an end-to-side anastomosis is 
performed to the brachial artery. If, after 4–6 weeks, the 
basilic vein has reached a diameter of at least 5 mm, a 
second stage is performed during which the basilic vein is 

transposed superfi cially, anteriorly, and slightly laterally. 
The second stage begins by exposing the upper arm basilic 
vein with a single longitudinal incision or two incisions with 
an intervening skin bridge. Although using two incisions 
adds some time to the vein dissection, this technique can 
facilitate wound closure by limiting the size of the skin 
fl aps. The basilic vein is then dissected along its entire 
length from the arterial anastomosis to its confl uence with 
the brachial vein leading into the axillary vein. The basilic 
vein can then be transposed by securing it in a lateral subcu-
taneous fl ap. Alternatively, the basilic vein can be tran-
sected, tunneled anteriorly, and reanastomosed to itself. The 
latter method has the advantage of preserving any crossing 
structures. If there are a number of crossing nerves, it is usu-
ally better to transect the vein, pull the vein out from under 
the nerves, and reposition and reanastomose the fi stula. The 
authors prefer to perform the transection and reanastamosis 
within the body of the fi stula leaving the original arterial 
anastomosis undisturbed. This technique decreases the risk 
of steal since it preserves the original small diameter arterial 
anastomosis even though the basilic vein may have dilated 
signifi cantly between the fi rst- and second-stage procedures.  

   Advantages/Drawbacks 
 The deep location of the basilic vein makes it less likely 
to have been accessed or injured prior to fi stula creation. 
In many patients, the upper arm basilic vein is the only 
healthy superfi cial vein in the upper extremity. 

 The drawbacks of a brachial basilic fi stula include 
increased postoperative pain and edema, a longer recovery 
time, the need for a potentially two-staged procedure, and an 
increased risk of ischemic steal syndrome [ 21 ,  22 ]. Tunneling 
can kink or twist the vein, and positioning the vein for unim-
peded access can be especially challenging in obese patients. 

 Transposing the vein has a higher rate of functional suc-
cess than simply elevating the vein [ 21 ]. Additionally, fi stu-
las created using a two-stage procedure may be more 
successful than fi stulas created in one stage [ 12 ]. Medium- 
and long-term patency results for brachial basilic fi stulas 
vary between studies. Segal and colleagues showed an 
assisted primary patency rate of 64 and 58 % at 1 and 2 years, 
respectively [ 23 ]. In contrast, Humphries and colleagues 
demonstrated cumulative patency rates of 84 % at 1 year, 
73 % at 3 years, 73 % at 5 years, and 52 % at 10 years [ 24 ].   

    Brachial-Median Antecubital Vein Fistula 

   Procedure 
 A brachial artery-median antecubital vein AV fi stula can be 
created in a similar fashion to the brachial-cephalic and 
brachial- basilic fi stulas. The median antecubital vein usually 
lies in close proximity to the distal brachial artery, and both 

  Fig. 18.9    Brachiobasilic AV fi stula showing how the basilic vein is 
mobilized, divided distally and tunneled laterally, and then anastomosed 
to the brachial artery       
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structures can be isolated through a single transverse incision 
just distal to the antecubital crease (Fig.  18.10 ). The median 
antecubital vein becomes confl uent with the upper arm 
cephalic and basilic veins which are both left intact. After 
dividing the distal median antecubital vein, it is connected to 
the brachial artery with an end-to-side anastomosis.

      Advantages/Drawbacks 
 The brachial artery to median antecubital vein fi stula has the 
advantage of preserving fl ow to both the cephalic and basilic 
veins. This confi guration potentially allows both veins to 
mature simultaneously for access. Depending on patient 
anatomy, fl ow may only occur to one of the two veins using 
this approach. 

 Sparks and colleagues showed a patency rate of 80 % at 
an average follow-up time of 36 months for fi stulas created 
using a perforating median antecubital vein compared to 
66 % at 27 months for brachial-cephalic fi stulas and 64 % at 
7 months for synthetic arm grafts [ 25 ].    

    Prosthetic Grafts 

    Forearm Loop AV Graft 

   Procedure 
 A forearm loop AV graft between the brachial artery and 
either the cephalic, basilic, median antecubital, or brachial 

vein can be placed though an incision just distal to the 
antecubital crease (Fig.  18.11 ). Once the vessels have been 
identifi ed and dissected, a small counterincision is made in 
the mid to distal forearm to aid in tunneling the graft loop 
through the anterior forearm. Proper orientation of the graft 
should be maintained while tunneling to avoid kinking, and 
a semicircular tunneler should be used to maximize the use-
able length of graft. End-to-side anastomoses are created 
between one end of the graft and the brachial artery and the 
other end of the graft and the selected vein. Due to the 
increased probability of postoperative edema, the authors 
recommend external sutures for skin closure.

      Advantages/Drawbacks 
 An arteriovenous graft offers an AV access option to patients 
who lack adequate caliber superfi cial veins to create a native 
AV fi stula. AV grafts also do not need to mature and can be 
used as soon as 2 weeks after placement. The larger diameter 
and superfi cial location of AV grafts provides an easy and 
well-defi ned target for needle puncture. 

 The drawback of all AV grafts is their higher rate of 
thrombosis and infection compared to native AV fi stulas [ 1 , 
 2 ]. Forearm AV grafts also tend to have lower blood fl ow and 
increased postoperative edema and pain.   

  Fig. 18.10    Brachial artery to medial cubital vein AV fi stula       

  Fig. 18.11    Forearm loop AV graft with the anastomosis to the brachial 
artery and vein       
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    Upper Arm AV Graft 

   Procedure 
 Upper arm AV grafts can employ a variety of confi guration 
using straight or looped grafts to connect the brachial or axil-
lary artery to the cephalic, basilic, brachial, or axillary vein. 
A straight graft between the brachial artery and the axillary 
vein is constructed through two longitudinal incisions: one 
over the distal arm brachial artery and the other over the axil-
lary vein in the proximal arm (Fig.  18.12 ). The graft is 
 tunneled through the anterolateral subcutaneous tissue, and 
end-to-side anastomoses are performed to the artery and vein.

      Advantages/Drawbacks 
 The upper arm AV graft is generally less painful than the 
forearm loop graft. Because they use larger, more proximal 
arteries, upper arm AV grafts have a higher rate of hemody-
namic steal. In a study examining 193 grafts, Mousa and col-
leagues did not fi nd a difference in patency rates between 
forearm and upper arm AV grafts [ 26 ]. Whether the graft had 
a loop or straight confi guration also did not affect patency.   

    Femoral Loop AV Graft 

 A femoral loop AV graft is usually the next choice of access 
after exhausting all sites in the upper extremities. 

   Procedure 
 A femoral AV graft can be created between the common 
femoral artery (close to the femoral bifurcation) and the 
common femoral vein using a transverse or oblique incision 
in the groin (Fig.  18.13 ). Typically, the graft used is a 6-mm 
straight or a 6–8-mm tapered graft, with the smaller end 
anastomosed to the artery. The graft should be tunneled 
superfi cially in a loop confi guration on the anterior thigh. 
Similar to the forearm loop AV graft, a small counterincision 
helps pass the graft through the tunnel.

      Advantages/Drawbacks 
 In addition to providing access for patients with no upper 
extremity options, femoral AV grafts have high fl ow rates. 
This advantage may account for the reasonable patency rates 
associated with femoral AV grafts. Tashjian and colleagues 
reported primary patency rates of 71 and 63 % and secondary 
patency rates of 83 and 83 % for 1 and 2 years, respectively 
[ 27 ]. Similarly, Geenan et al. found cumulative patency rates 
to be 75 % at 1 year and 51 % at 5 years [ 28 ]. 

 Despite their functionality, femoral AV grafts remain at 
the bottom of the K-DOQI access preference list because of 
their high rate of infection and ischemia. Patient selection 
also plays an important role in femoral AV graft placement. 
Patients must be able to recline during dialysis, and femoral 
AV grafts may not be feasible in a patient with a large pannus 
that overlies the anterior upper thigh.    

  Fig. 18.12    Brachial artery to axillary vein AV fi stula         Fig. 18.13    Femoral loop AV graft       
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    Alternate Access (Overview) 

 The more common access procedures have been described 
above. Other options include the axillary loop AV graft, the 
“necklace” (axillary artery to contralateral axillary vein AV 
graft), the mid-thigh loop graft, the femoral vein transposi-
tion to distal superfi cial femoral artery AV fi stula, the great 
saphenous vein AV fi stula, and the Hemodialysis Reliable 
Outfl ow (HeRO) Device. A brief description of each option 
follows. 

 An axillary loop AV graft connects the axillary artery and 
vein with a graft that loops laterally over the deltoid muscle 
or medially over the pectoralis major muscle. In a study by 
Jean-Baptiste and colleagues, axillary loop grafts had a pri-
mary patency rate of 51 % at 12 months and a cumulative 
patency rate of 80 % at 18 months [ 29 ]. 

 A necklace AV graft is placed between the axillary artery 
and the contralateral axillary or internal jugular vein. Since it 
crosses anteriorly to the sternum, this graft is not appropriate 
for patients who may need a sternotomy in the future. In a 
study of 18 patients, the primary patency rate was 83 and 
72 % and the cumulative patency rate was 94 and 89 % at 6 
months and 1 year from graft placement [ 30 ]. 

 A mid-thigh AV graft connects the mid-superfi cial femo-
ral artery to the femoral vein. This option preserves more 
proximal femoral vessels for future access or revision and 
avoids a groin incision. Scott and colleagues found the pri-
mary patency rates to be 40 and 18 % and the secondary 
patency rates to be 68 and 43 % at 1 and 2 years, respectively 
[ 31 ]. Despite the absence of a groin incision, this access con-
fi guration still had a high rate of infection resulting in graft 
removal in 21 % of patients. 

 The femoral vein transposition (FVT) involves dissecting 
the femoral vein along its length in the thigh. The vein is then 
superfi cially transposed and connected to the distal SFA 
[ 32 ]. Although the patency rates are excellent, FVT has a 
higher rate of wound complications and ischemia. Wound 
complications may stem from the deep location of the femo-
ral vein which requires a more extensive dissection. The 
large size of the vein often leads to a large arterial anastomo-
sis resulting in a higher incidence of hemodynamic steal syn-
drome. Selectively tapering the femoral vein to reduce its 
caliber may decrease the incidence of secondary procedures 
to address ischemia. Hazinedaroglu and colleagues com-
pared the FVT to the femoral loop graft and found a superior 
1 year primary patency rate of 87 % for the FVT compared 
with 38 % for the femoral loop graft. Both types of access 
had similar infection and ischemia rates [ 33 ]. 

 A fi stula can be created by forming the great saphenous 
vein into a loop that connects to the common femoral artery 
(Fig.  18.14 ). In a study by Pierre-Paul and colleagues, the 
mean primary patency was 7 months, the mean primary- 
assisted patency was 15 months, and the mean secondary 

patency was 16 months [ 34 ]. The GSV did not dilate as much 
as upper extremity veins, and therefore, the preoperative 
diameter should be equal or close to the diameter required 
for successful hemodialysis. Stenoses throughout the body 
of the AV fi stula were common.

   The HeRO is a hybrid device in which a prosthetic graft is 
anastomosed to the brachial artery, superfi cially tunneled on 
the anterior upper arm, and connected to a catheter extending 
into the internal jugular vein. This access was designed for 
patients with adequate arterial infl ow but no suitable venous 
outfl ow proximal to the superior vena cava or right atrium. In 
a study by Katzman and colleagues, the HeRO device had a 
primary patency of 39 %, an assisted primary patency of 86 %, 
and a secondary patency of 72 % at a mean follow-up of 8.6 
months [ 35 ]. A subsequent study comparing outcomes of the 
HeRO device to conventional AV grafts showed comparable 
patency, adequacy of dialysis, and bacteremia rates [ 36 ].  

    Summary 

 The concept of vascular access for hemodialysis is decep-
tively simple: arterial infl ow connected to venous outfl ow 
creates a high blood fl ow circuit that can be regularly diverted 
into the dialysis machine. In practice, vascular access can be 
a challenging problem that often defi es a simple solution or 
a single operation. Planning, persistence, and sound clinical 
judgment are required to create a functional AV fi stula or 

  Fig. 18.14    Great saphenous vein to common femoral artery AV fi stula       
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graft without jeopardizing future access options. This chapter 
gives surgeons a framework for managing hemodialysis 
patients by outlining the fundamental procedures and princi-
ples for hemodialysis AV access   .     
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           Introduction 

    The number of patients who depend on hemodialysis 
increases every year and already exceeds 400,000 in the 
USA alone. Creating long-term vascular access for hemodi-
alysis has emerged as one of the most common surgeries 
with over 500,000 procedures performed annually in the 
USA. Although an arteriovenous (AV) graft or fi stula 
 provides a lifeline for patients with end-stage renal disease, 
AV access also represents the weakest link in sustaining 
long- term hemodialysis. Over 25 % of patients who start 
dialysis die from complications or failure of their vascular 
access [ 1 ]. Vascular access complications cause the most 
hospitalizations for patients on dialysis and account for 
over $1.8 billion of Medicare spending each year. The clini-
cal impact of vascular access complications ranges from 
mild symptoms causing discomfort and inconvenience to 
catastrophic conditions that endanger life and limb. 
Recognizing and treating AV access complications can 
ensure patient safety, improve quality of life, and preserve 
vascular access function.  

    Bleeding 

 Bleeding complications usually fall into one of two clinical 
scenarios: diffuse oozing during vascular access surgery or 
acute hemorrhage from an existing AV fi stula or graft. The 
inherent coagulopathy of kidney failure prolongs the bleed-
ing time which makes surgical procedures more diffi cult and 
time-consuming. Once established, AV grafts and fi stulas get 
punctured three times a week and can potentially bleed from 
the needle cannulation site, an underlying pseudoaneurysm 
or an overlying skin ulcer. Efforts to minimize the potentially 
fatal consequences of vascular access hemorrhage must 
include preventive measures to decrease the risk of bleeding 
and appropriate interventions to defi nitively stop ongoing 
hemorrhage. 

 For patients with kidney failure, chronic exposure to tox-
ins associated with uremia causes defective platelet 
 activation, aggregation, and adhesion [ 2 ]. Platelet dysfunc-
tion impairs primary hemostasis and prolongs the bleeding 
time, potentially increasing the risk for diffuse intraoperative 
oozing and postoperative hemorrhage. Dialysis in the peri-
operative time frame can be a two-edged sword. Although it 
can improve platelet function by removing some of the ure-
mic toxins, hemodialysis usually requires anticoagulation 
which can linger if heparin is given close to the time of 
 surgery. Inconsistent results and technical problems have 
plagued heparin-free dialysis techniques, most of which 
have failed to gain widespread acceptance [ 3 ]. Adequate 
 preoperative hemodialysis should be pursued for elective 
procedures; however, it cannot be relied on as a stand-alone 
strategy to prevent all bleeding complications during vascular 
access surgery. 

 Anemia represents another chronic condition associated 
with kidney failure that prolongs bleeding time and under-
mines normal hemostasis. The loss of red cell mass allows 
the blood elements to mix homogenously, evenly distributing 
platelets in the bloodstream. When the hematocrit increases 
to 27–32 %, hemostasis improves as the increase in red blood 
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cells returns platelets back to the periphery of the blood-
stream where they can be in close proximity to interact with 
the endothelium. Recombinant erythropoietin used to treat 
anemia may also promote hemostasis by increasing the num-
ber of GP-IIb/IIIa receptors on platelets and enhancing the 
thrombin-induced phosphorylation of platelet proteins [ 4 ]. 
In the setting of elective surgery, preoperative transfusions or 
erythropoietin to correct chronic anemia can decrease the 
risk of perioperative bleeding. 

 Medical therapy has both a therapeutic and prophylactic 
role in the management of bleeding for patients with kidney 
disease. Intravenous, subcutaneous, or intranasal administra-
tion of desmopressin releases factor VIII and von Willebrand 
factor (vWF) from the endothelium, shortens the bleeding 
time, and decreases clinical bleeding. This effect only lasts 
for 4–8 h, and the effi cacy of desmopressin diminishes with 
repeated doses due to depletion of vWF stores in endothelial 
cells [ 5 ]. Despite its limited durability, desmopressin has 
proven to be effective in the treatment of active diffuse bleed-
ing and the prevention of anticipated bleeding during surgery 
or invasive procedures [ 6 ]. For intravenous and subcutane-
ous administration, the dose of desmopressin is 0.3 mcg/kg 
in 50 ml of saline given over a period of 30 min. The intrana-
sal route requires a tenfold larger dose of 3 mcg/kg. 

 Conjugated estrogens offer more sustained hemostasis for 
patients with uremic coagulopathy. To be effective, conju-
gated estrogen must be given every 24 h for fi ve consecutive 
days at an oral dose of 25 mg per day or a minimum intrave-
nous dose of 0.6 mg/kg. A signifi cant decrease in bleeding 
becomes evident 24 h after the fi rst dose, and the effect peaks 
5–7 days after treatment. Unlike desmopressin, conjugated 
estrogens do not increase vWF or restore platelet function. 
Animal studies suggest that conjugated estrogens promote 
hemostasis by interfering with the nitric oxide synthetic 
pathway [ 7 ]. 

 Other options for the treatment of uremic coagulopathy 
include tranexamic acid, recombinant activated factor VII, 
and factor replacement using cryoprecipitate. These alterna-
tive therapies are usually only employed if all other interven-
tions have failed because each has a signifi cant drawback 
and a spotty track record of success. Tranexamic acid accu-
mulates in renal failure and fails to outperform commonly 
used therapy [ 8 ]. The use of recombinant activated factor VII 
in “off-label” settings other than hemophilia has had mixed 
results and may increase the risk of thromboembolic events 
[ 9 ]. Cryoprecipitate generates no response in as many as 
50 % of patients and carries the risk of blood-borne disease 
transmission. 

 Acute hemorrhage represents a rare but potentially fatal 
complication of an established AV fi stula or graft. The 
Centers for Medicare and Medicaid Services (CMS) report 
that vascular access hemorrhage causes 0.4 % of hemodialy-
sis patient deaths; however, this fi gure signifi cantly underes-

timates the true mortality rate. A recent review from the 
Maryland Medical Examiner identifi ed 88 fatal vascular 
access hemorrhages only one quarter (24 %) of which were 
included in the CMS data suggesting that bleeding fatalities 
are underreported to CMS [ 10 ]. Fortunately access site 
bleeding and its consequences can often be prevented or 
effectively treated by recognizing the signs of impending 
hemorrhage and intervening appropriately for active 
bleeding. 

 Functional AV fi stulas and grafts get punctured with two 
needles three times a week so the high frequency of cannula-
tion site bleeding is not surprising. Initial treatment involves 
direct, digital pressure at the site of bleeding. The fi nger pro-
vides a safe and effective hemostatic agent as it applies pres-
sure more precisely than a tourniquet or blood pressure cuff 
without the risk of access thrombosis or skin breakdown. If 
bleeding persists, a fi gure of eight monofi lament suture (3-0 
or 4-0 caliber) placed around the puncture site will stop the 
bleeding, and the stitch can then be removed the following 
day or before the next dialysis session. This technique should 
only be considered if the surrounding skin is intact as sutures 
will pull through and be rendered ineffective in the setting of 
a chronic skin ulcer or eschar. 

 After establishing hemostasis, the focus shifts to deter-
mining the cause of bleeding. Venous outfl ow stenosis leads 
to prolonged needle site bleeding by increasing the back 
pressure on the AV graft or fi stula. This common condition 
should be suspected in patients with a history of previous 
access interventions, high venous pressures at dialysis, and 
pulsatility instead of a thrill on physical exam. Chronic 
venous hypertension encourages the formation of pseudoan-
eurysms at needle puncture sites. A fi stulogram can confi rm 
the diagnosis of venous outfl ow obstruction and provide an 
opportunity for endovascular intervention. Other, less com-
mon causes of prolonged needle site bleeding include coagu-
lopathy and poor technical execution of needle puncture and 
decannulation. 

 Patients presenting with an eschar or skin ulcer overlying 
an AV access have a more complex problem that typically 
occurs in the setting of a chronic pseudoaneurysm. A pseu-
doaneurysm forms when repeated needle cannulation at the 
same site creates a large hole in the fi stula or graft. 
Subcutaneous pressure from the pseudoaneurysm impairs 
capillary fi lling of the overlying skin resulting in skin 
necrosis. The compromised skin provides a thin, tenuous 
layer covering the hole in the graft or fi stula that may even-
tually give way leading to an acute vascular access hemor-
rhage (Fig.  19.1 ).

   The presence of a skin ulcer or eschar overlying a vascular 
access requires prompt surgical intervention. Attempts to 
suture the friable surrounding tissue will inevitably fail and 
may precipitate more bleeding by accelerating the rate of 
skin necrosis. Jaffers and Fasola recently reported uniform 
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success in salvaging ulcerated, bleeding autologous fi stulas [ 11 ]. 
In most cases, they excised the skin ulcer and primarily 
repaired the underlying fi stula opening. Aneurysmal seg-
ments required plication after resection of the anterior fi stula 
wall. All of the fi stulas remained functional allowing unin-
terrupted dialysis. Salvaging an ulcerated AV graft involves 
excising the overlying skin and tunneling an interposition 
prosthetic bypass around the area of skin breakdown. 
Continued dialysis depends on whether the revised AV graft 
still has a usable segment for cannulation. A temporary dial-
ysis catheter may be required until the interposition bypass 
has healed allowing more space for needle punctures.  

    Venous Stenosis 

 Venous stenosis remains the Achilles heel of vascular access. 
Triggered by several risk factors, venous stenosis is a com-
mon complication that responds poorly to endovascular 
intervention with a high rate of recurrence. Despite advances 
in hemodialysis surveillance and endovascular techniques, 
venous stenosis causes more AV access failures than any 
other complication. AV grafts typically fail due to stenosis at 
the venous anastomosis, while fi stulas can develop stenosis 
anywhere including the arterial anastomosis, venous outfl ow, 
central veins, and superior vena cava. Depending on the 
location and severity of the lesion, venous stenosis can have 
a wide range of consequences including arm edema, superior 
vena cava syndrome, prolonged bleeding, aneurysm and 
pseudoaneurysm formation, ineffective dialysis, and vascular 
access thrombosis. The high prevalence of venous stenosis 
(16–50 %) coupled with being recalcitrant to defi nitive inter-
vention creates one of the most vexing problems for vascular 
access. Management guidelines for venous stenosis therefore 

consist of prevention, palliative endovascular interventions, 
and surgical bypass in selected cases. 

 Central venous catheters remain the most prominent risk 
factor for the development of central venous stenosis. 
Catheters injure the venous endothelium inciting an infl am-
matory and thrombotic response. A vein’s response to injury 
can evolve over time into an organized thrombus associated 
with smooth muscle proliferation, vessel wall thickening, 
and formation of a bridge to the catheter. The injury induced 
by the catheter coupled with the vein’s hyperplastic response 
may create a precursor stenotic lesion which would explain 
the strong association between central venous catheters and 
venous stenosis [ 12 ]. Other high-risk factors for venous ste-
nosis include multiple catheter placement, long dwell times, 
and subclavian vein location; however, all catheters, regard-
less of location or duration, have been linked to venous ste-
nosis. Several studies have documented venous stenosis 
following internal jugular vein catheters, and even short- 
term catheters can incite thrombosis, fi brin sheath formation, 
and stenosis [ 13 ]. Therefore, the most effective way to pre-
vent venous stenosis is to avoid the use of central venous 
catheters altogether [ 14 ,  16 ]. 

 The diagnosis of venous stenosis relies on clinical assess-
ment, hemodialysis monitoring, and imaging studies. Signs 
and symptoms of venous stenosis include arm edema, loss of 
a palpable thrill, access pulsatility, and prolonged bleeding 
after needle decannulation. Dialysis centers track objective 
measures of access and recirculation over time. Findings 
which suggest venous stenosis including persistently low 
fl ow (less than 600 ml/min), high venous pressure, or 
 ineffective dialysis should prompt imaging studies for con-
fi rmation [ 17 ,  18 ]. Duplex ultrasound of the access can often 
detect venous stenosis; however, it offers limited, indirect 
evaluation of the central veins. A fi stulogram has the highest 
sensitivity for diagnosing venous stenosis since it can image 
the entire vascular access from the arterial anastomosis to the 
right atrium [ 19 ]. 

 In addition to being diagnostic, fi stulograms also provide 
an opportunity for endovascular intervention. Balloon angio-
plasty to dilate stenotic lesions in peripheral and central 
veins has an immediate technical success rate of 88–94 % 
[ 20 ]. Most peripheral venous lesions require overdilation 
with angioplasty balloons 10–20 % larger in diameter than 
the vein being treated. Unlike atherosclerotic arterial disease, 
stenotic venous lesions consist of endothelial hyperplasia 
and fi brous tissue [ 21 ]. These histologic features may explain 
why venous stenoses tend to resist balloon angioplasty and 
recoil after dilation in as many as 64 % of patients as deter-
mined by intravascular ultrasound [ 22 ]. If the post- 
angioplasty images show persistent stenosis or immediate 
recoil, endovascular treatment options include repeat angio-
plasty using a high-pressure or cutting balloon or stent place-
ment depending on the lesion type and location. Centrally 

  Fig. 19.1    An ulcerated skin ulcer directly overlying an arteriovenous 
fi stula. Hemorrhage from the ulcer is being controlled with manual 
pressure immediately before surgical repair in the operating room       
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located lesions require a more cautious approach to avoid the 
risk of potentially fatal central vein perforation [ 23 ]. 
Determining the appropriate balloon size for central venous 
lesions can be challenging because two-dimensional contrast 
images often underestimate the true vein diameter. 
Intravascular ultrasound measures the vessel lumen more 
accurately and may help in choosing a suffi ciently large 
diameter balloon that will not overdilate the vein. Stent 
placement can play a role in treating elastic lesions of the 
central veins that fail to respond to balloon angioplasty or 
recur within 3 months of treatment [ 24 ]. Using self- 
expanding stents that are slightly larger than the diameter of 
the vein will assure full-wall apposition and minimize the 
risk of stent migration. An intravascular ultrasound or pre- 
procedure CT scan of the thorax provides accurate measure-
ments of the true central vein diameter and ensure appropriate 
stent sizing. 

 Limited durability remains the most signifi cant disadvan-
tage of endovascular therapy for venous stenosis. Primary 
patency following balloon angioplasty for central venous 
stenosis falls to 25 % and 17 % after 6 months and 12 months, 
respectively [ 25 ]. Balloon angioplasty for peripheral veins 
results in a similar, slightly less steep, decline in short- and 
midterm patency. The benefi t of stenting appears to be con-
fi ned to salvaging immediate technical success after an 
unsatisfactory response to balloon angioplasty [ 26 ]. Stents 
placed in peripheral and central veins fail to prolong primary 
and secondary patency and may accelerate restenosis in 
some locations. 

 The short-lived success of endovascular therapy for 
venous stenosis mandates regular post-intervention follow-
 up. Clinical evidence of restenosis including the reappear-
ance of arm edema, prolonged bleeding, high venous 
pressures, and ineffective dialysis should prompt further 
investigation with a fi stulogram. The treatment of recurrent 
venous stenosis depends on the time interval to restenosis and 
the lesion location. Repeated balloon angioplasty may be the 
most reasonable treatment strategy for patients with periph-
eral or central venous stenosis who can achieve effective 
dialysis for at least 3–6 months between endovascular inter-
ventions. Although it is not defi nitive, endovascular therapy 
can prolong effective patency and allow these patients to 
avoid or delay the need for surgery and catheter placement. 

 Surgical revision should be considered if endovascular 
treatment fails or the stenosis recurs within a short period of 
time (less than 3 months). Surgical options depend on the 
extent of the lesion, its location, and the superfi cial and cen-
tral venous anatomy. For peripheral venous stenosis, surgery 
to reestablish venous outfl ow usually involves patch angio-
plasty of the venous outfl ow (Fig.  19.2 ) or an interposition 
bypass of the lesion using prosthetic graft (Fig.  19.3 ). Other 
surgical options include mobilizing and reimplanting the 
d istal AV fi stula on a patent vein or translocating the basilic 
or cephalic vein. Likewise, a variety of techniques to manage 

  Fig. 19.2    Surgical management of venous outfl ow stenosis with patch 
angioplasty of the venous anastomosis       

  Fig. 19.3    Surgical management of venous outfl ow stenosis with inter-
position bypass to a more proximal vein using prosthetic graft       
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recalcitrant subclavian vein lesions have been described 
including axillary to internal jugular vein bypass, internal 
jugular to axillary vein transposition, axillary to saphenous 
vein bypass, and patch angioplasty of the axillosubclavian 
vein stenosis [ 27 ]. A direct bypass to the right atrium offers 
a solution to central venous occlusion; however, the morbid-
ity and requirement for a thoracotomy makes this procedure 
appropriate only for highly selected patients with few 
remaining vascular access options [ 28 ,  29 ].

    Venous stenosis at the costoclavicular junction deserves 
special consideration because of its poor response to balloon 
angioplasty and stent placement. The musculoskeletal struc-
tures surrounding the costoclavicular junction can extrinsi-
cally compress the adjacent subclavian vein. Exposure of 
this anatomically narrowed segment of the vein to turbulent 
fl ow from a proximal AV fi stula can create a chronic func-
tional injury equivalent to venous thoracic outlet syndrome. 
According to this theory, endovascular therapy at the costo-
clavicular junction will fail in the absence of thoracic outlet 
decompression which usually involves a transaxillary fi rst 
rib resection. Illig achieved promising early results using a 
surgical approach for patients with so-called dialysis associ-
ated venous thoracic outlet syndrome. He reported an 
8-month functional patency of 75 % in a series of 12 selected 
patients treated with fi rst rib resection [ 30 ]. 

 The anatomic area known as the cephalic arch (the fi nal 
segment of the cephalic vein before its confl uence with the 
axillary vein) is also prone to stenosis and relatively resistant 
to endovascular intervention (Fig.  19.4 ). In patients with bra-
chiocephalic AV fi stulas, the incidence of cephalic arch ste-

nosis may exceed 77 %, making it a leading cause of vascular 
access failure [ 31 ]. Balloon angioplasty, the widely accepted 
fi rst-line therapy, has limited durability with a primary 
6-month patency of only 42 % [ 31 ,  32 ]. The unique anatomy 
of the cephalic arch may explain its tendency to form recal-
citrant stenotic lesions [ 33 ]. After the creation of an AV fi s-
tula, all veins react to the hemodynamic changes with intimal 
hyperplasia and wall thickening. Peripheral veins can usu-
ally preserve their lumen diameter because they have the 
anatomic freedom to dilate and remodel. In contrast, the 
cephalic arch’s pathway over the deltoid muscle creates a 
constriction limiting fi stula dilation and accommodation for 
intimal hyperplasia. Stenotic lesions develop early in the 
cephalic arch and usually recoil or quickly recur in response 
to dilation with balloon angioplasty. Endovascular alterna-
tives for treating cephalic arch stenosis including cutting bal-
loon angioplasty and stent graft placement have shown 
promising early results in small, selected case series [ 34 ,  35 , 
 32 ]. Surgical revision usually involves rerouting the venous 
outfl ow around the cephalic arch by transposing the proxi-
mal cephalic vein to the basilic or axillary vein.

       Ischemia 

 Ischemia associated with vascular access goes by several 
names including hemodialysis access-induced distal isch-
emia (HAIDI), dialysis-associated steal syndrome, distal 
hypoperfusion ischemic syndrome, and access-related hand 
ischemia. All of these terms describe a complication clini-
cally defi ned as hypoperfusion distal (more peripheral) to an 
AV fi stula or graft [ 36 ]. The incidence and severity of HAIDI 
varies with the type and location of the vascular access. For 
AV fi stulas originating from the brachial artery, the incidence 
of HAIDI can approach 20 % with over half of the cases clas-
sifi ed as severe [ 37 ]. Radial artery-based fi stulas have a much 
lower incidence (2 %) and rarely require treatment [ 38 ]. The 
severity of clinical symptoms determines the classifi cation of 
HAIDI as follows [ 39 ]:
•    Stage 1: retrograde fl ow without complaints  
•   Stage 2: forearm or hand pain with exertion  
•   Stage 3: forearm or hand pain at rest  
•   Stage 4: ulceration, necrosis, or gangrene    

 The pathophysiology of HAIDI provides insight into its 
prevention, diagnosis, and management. Connecting an artery 
to a vein for vascular access creates a high-fl ow, low- resistance 
circuit. Distal perfusion pressure decreases as an increasing 
volume of arterial blood fl ows preferentially through the 
access into the low-resistance venous outfl ow. Retrograde 
fl ow from the distal artery into the access site occurs during 
all or part of the cardiac cycle further decreasing pressure in 
the forearm and hand. Although this “physiologic steal” 
occurs in virtually all AV fi stulas and grafts, only a few 

  Fig. 19.4    Fistulogram of a left upper arm brachiocephalic AV fi stula 
with stenosis of the cephalic vein in the cephalic arch       
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patients develop signifi cant distal ischemia. The lack of cor-
relation between retrograde fl ow (steal) and clinical ischemia 
has fueled speculation that “steal” itself plays only a minor 
role in the so-called steal syndrome. Scheltinga and 
Bruijninckx assert that locoregional hypotension, not retro-
grade fl ow or steal, is the most critical factor in the onset of 
HAIDI [ 40 ]. The majority of patients overcome “physiologic 
steal” and other hemodynamic changes by vasodilating infl ow 
arteries, recruiting collaterals, and increasing cardiac output 
to augment distal perfusion. Ischemia occurs only when these 
adaptive mechanisms fail to compensate for distal hypoperfu-
sion. The most common clinical scenarios resulting in HAIDI 
include excessive access fl ow, arterial occlusive disease, and 
lack of arterial adaptation or collateral fl ow. 

 The fi rst step in preventing HAIDI involves recognizing 
which patients are at risk. Diabetes emerged as the most pre-
dictive factor for developing ischemia in a multivariate anal-
ysis of 324 AV fi stulas in 309 patients [ 41 ]. Other clinical 
predictors of HAIDI include brachial artery-based access, 
female gender, age greater than 60, low digital brachial 
index, and previous operations on the same limb. 
Unfortunately, none of the preoperative predictors of isch-
emia has enough predictability to preclude creating an AV 
access in an “at-risk” patient. 

 Basing an AV access on the radial artery will decrease the 
ischemic risk; however, the non-maturation rate increases, 
and not all patients have an adequate caliber radial artery at 
the wrist. Whittaker and Bakran reported a low rate of isch-
emia (2 %) using the proximal radial or ulnar artery as arte-
rial infl ow [ 42 ]. Through a longitudinal incision in the 
proximal forearm, they create an end-to-side anastomosis 
between the median cubital vein and the proximal radial or 
ulnar artery. This technique offers a reasonable alternative to 
using infl ow from the brachial artery for patients who cannot 
have a wrist fi stula. If the brachial artery must be used, limit-
ing the length of the AV anastomosis to less than 10 mm 
decreases the risk of developing excessive fl ow through the 
access. 

 Symptoms of HAIDI have a bimodal distribution with 
half of patients presenting acutely (within 7 days of surgery) 
and the other half following a more chronic course (presenting 
after 30 days) [ 43 ]. In the acute presentation, the signs and 
symptoms of HAIDI mirror the classic 6 Ps of acute lower 
extremity ischemia, namely, pulselessness, pain, pallor, poi-
kilothermia, paresthesias, and paralysis. Chronic symptoms 
of HAIDI emerge months to years after surgery and include 
arm fatigue with exertion, hand pain at rest, and tissue loss. 
Often the tissue loss occurs due to what would otherwise be 
insignifi cant skin trauma. The clinical diagnosis of HAIDI 
relies on both the history and physical examination. Physical 
exam of a patient with HAIDI usually demonstrates an 
absent wrist pulse that returns with manual compression of 
the access; however, this fi nding cannot be used as the sole 
diagnostic criteria for HAIDI. In practice, many patients 
lack a palpable wrist pulse after AV access creation while 
maintaining adequate perfusion to the arm and hand. At the 
other extreme, some patients with symptoms of ischemia 
have a palpable wrist pulse at rest. This apparently contra-
dictory presentation suggests that the upper extremity can 
develop ischemic symptoms at relatively higher absolute 
pressures [ 44 ]. 

 The timing and type of treatment for HAIDI depend on 
several factors including symptom severity, type of access, 
and the patient’s clinical condition [ 45 ]. Patients with mild 
symptoms warrant close observation as many will improve 
over time [ 46 ]. Moderate and severe symptoms of HAIDI 
require prompt intervention to improve perfusion and  prevent 
permanent ischemic injury or tissue loss. The treatment 
options listed in Table  19.1  should be considered comple-
mentary as none of the techniques has universal success nor 
can any be applied to all clinical scenarios. All interventions 
should primarily focus on reversing ischemia with a secondary 
goal of salvaging the vascular access.

   Ligation immediately and reliably reverses ischemia at 
the cost of sacrifi cing the vascular access. Although symp-
toms usually improve quickly, paresthesias can persist due to 

   Table 19.1    Techniques for treating hemodialysis access-induced distal ischemia (HAIDI)   

 Technique  Advantages  Drawbacks 

 Access ligation  • Maximizes hand perfusion  • Loss of dialysis access 
 • Technically simple  • High risk of HAIDI in new access 

 Banding  • Preserves access  • Increases risk of access thrombosis 
 • Technically simple 

 Distal revascularization-interval 
ligation (DRIL) 

 • Preserves access  • More demanding technically 
 • Brachial artery ligated 

 Proximalization of arterial infl ow (PAI)  • Preserves access  • Less effective in patients with high 
access fl ow or tissue loss 

 • Brachial artery remains in continuity  • Requires prosthetic conduit 
 Revision using distal infl ow (RUDI)  • Preserves access with shorter bypass conduit  • Higher failure rate 

 • Brachial artery remains in continuity 
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neuropathy related to the initial ischemic injury. Access ligation 
may serve as a fi rst-line treatment for acute ischemia after a 
prosthetic AV graft given a graft’s predictably short patency. 
At the other extreme, access ligation can also function as a 
last resort to reverse ischemia in patients who have failed to 
improve after a previous remedial procedure. The straight-
forward nature of access ligation also makes this interven-
tion appropriate for patients with severe comorbidities that 
preclude more extensive revascularization procedures. 

 Rarely, treatment for HAIDI involves simply correcting 
arterial infl ow stenosis. Prior to creating the access, a thor-
ough preoperative evaluation should detect and treat infl ow 
lesions. Scali and Huber recommend measuring upper 
extremity arterial pressure and Doppler waveforms on all 
potential access patients. Their criteria for a suitable infl ow 
artery include adequate diameter (brachial artery >3 mm; 
radial artery >2 mm) and absence of hemodynamically 
 signifi cant arterial stenosis based on pressures and wave-
forms [ 44 ]. All patients with symptomatic HAIDI should 
have complete angiographic imaging of all vessels bringing 
blood to and from the AV access. The procedure begins by 
puncturing the AV access in the direction of the arterial anas-
tomosis and advancing a directional catheter over a wire 
through the arterial anastomosis and into the arterial system 
as far proximally as the aortic arch. Images and pressure 
measurements at the aortic arch, subclavian artery origin, 
axillary artery, and brachial artery (proximal, mid, and pre-
anastomotic) are then recorded. Any stenotic lesions encoun-
tered can be treated with balloon angioplasty. Redirecting 
the catheter into the distal arterial runoff can then evaluate 
for occlusive disease in the forearm and hand. 

 Most patients do not harbor an arterial infl ow lesion of 
such severity that correcting it alone would alleviate all 
symptoms of ischemia. Usually HAIDI develops from a 
combination of excessive access fl ow and hypotension in the 
distal arterial system. Reversing ischemia and salvaging the 
vascular access therefore requires interventions that limit 
access fl ow and/or increase distal arterial perfusion. Banding 
describes a variety of techniques that reduce access fl ow by 
increasing resistance in the venous outfl ow. In its simplest 
form, banding narrows the venous outfl ow by suture plica-
tion or placement of a restrictive prosthetic cuff. The under-
lying hemodynamic fl aw of banding leads to poor long-term 
access patency rates. A band that restricts fl ow enough to 
reverse ischemia often converts the access into a fl ow- 
dependent, high-resistance circuit whose natural tendency is 
to clot [ 47 ]. Miller et al. reported improved results with a 
modifi cation to traditional banding procedures. The MILLER 
procedure (minimally invasive limited ligation endoluminal- 
assisted revision) involves infl ating a percutaneously placed 
3 or 4 mm diameter angioplasty balloon in the proximal 
venous outfl ow. Through a small incision, a suture is passed 
around the access and tied over the infl ated balloon narrow-

ing the access to the diameter of the chosen balloon 
(Fig.  19.5 ). The precise band sizing achieved by the MILLER 
procedure may account for the promising midterm results 
including a 6-month primary band patency of 75–85 % in a 
selected series of 183 patients [ 36 ].

   Although banding procedures can decrease access fl ow, 
they do not directly increase distal arterial perfusion. The 
distal revascularization-interval ligation (DRIL) procedure is 
currently the most accepted method of retaining the AV fi s-
tula and improving distal perfusion. DRIL consists of two 
components in an attempt to address both of these treatment 
goals. Distal revascularization creates a bypass around the 
fi stula to increase forearm and hand perfusion, while interval 
ligation of the distal brachial artery cuts off retrograde fl ow 
into the access (Fig.  19.6 ). The great    saphenous vein in the 
thigh and a segment of cephalic or basilic vein from the ipsi-
lateral upper extremity rank fi rst and second in preference as 
conduits for the brachial bypass. Placing the vein in reverse 
confi guration avoids the need for a valvulotome which can 
damage thin-walled arm veins. In the absence of an autoge-
nous vein larger than 3 mm in diameter, some access sur-
geons have reported satisfactory results with a prosthetic 
graft. In contrast, Scali and Huber avoid using a prosthetic 
graft opting instead for an alternative revascularization pro-
cedure or fi stula ligation [ 44 ].

  Fig. 19.5    The MILLER procedure for banding an arteriovenous fi s-
tula. The percutaneously inserted angioplasty balloon is infl ated in the 
proximal fi stula, and a suture is introduced through a small skin incision 
and tied around the infl ated balloon to narrow the vein to the diameter 
of the chosen balloon       
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   Preparation for a DRIL procedure begins with angiography 
and brachial artery pressure measurements. In his original 
description of the DRIL procedure, Schanzer empirically 
started the brachial bypass 5 cm proximal to the fi stula 
anastomosis [ 48 ]. Over the last 25 years, a more clear under-
standing of the hemodynamics of HAIDI has emerged 
including the concept of locoregional hypotension. In a 
series of patients with access-related ischemia, Illig et al. 
demonstrated a signifi cant pressure drop-off in the brachial 
artery [ 49 ]. They found that this “pressure sink” often 
extended along the brachial artery more than 5 cm proximal 
to the fi stula anastomosis. To effectively increase distal per-
fusion, the brachial artery bypass should originate proximal 
to the “pressure sink.” By measuring the distance from the 
fi stula anastomosis to the pressure drop-off, preoperative 
pressure measurements can identify an appropriate location 
for the proximal bypass. 

 The bypass should terminate on the brachial artery just 
distal to the fi stula anastomosis. If the fi stula originates from 
the very distal brachial artery, the fi stula anastomosis should 
be transposed to the more proximal artery to allow space for 
the distal bypass anastomosis. After ensuring adequate fl ow 
through the bypass, the brachial artery is ligated between the 
anastomoses of the fi stula and the distal bypass. Postoperative 
monitoring in the form of clinical exam and duplex ultra-
sound seems to be helpful; however, guidelines for the type 
and frequency of surveillance do not exist. Anaya-Ayala 

et al. recommend close follow-up in the 30-day postoperative 
period, especially in patients with suboptimal bypass con-
duits and microvascular disease [ 50 ]. 

 Despite the technical demands, the DRIL procedure 
appears to be safe and effective. Wound infection is the most 
common complication, and Scali et al. reported a 30-day 
mortality rate of 2 % in the largest series of patients [ 51 ]. 
Outcome data after DRIL procedures vary with the defi nition 
of clinical success. Relief of presenting symptoms ranges 
from 78 to 100 % with higher rates reported by authors who 
overlook residual paresthesias presumably due to the initial 
ischemic injury [ 52 ,  53 ]. Concerns about the negative impact 
of ligating the native brachial artery appear to be unfounded. 
Primary bypass patency ranges from 73 to 100 % at 1 year, 
while secondary patency exceeds 80 % in most reports [ 43 ]. 
Long-term durability may not be necessary given the limited 
survival of patients undergoing the DRIL procedure. Anaya- 
Ayala et al. reported a 1-year mortality of 61 % due to comor-
bid illnesses unrelated to the DRIL procedure [ 50 ], while 
only 30 % of patients in Scali and Huber’s series were still 
alive 2 years after surgery [ 44 ]. 

 Although the DRIL procedure is the most well-known 
technique, other procedures aimed at reversing ischemia and 
preserving the access have been described. Proximalization 
of arterial infl ow (PAI) inserts an interposition bypass from 
the proximal brachial artery near the axilla to the original 
autogenous access in the antecubital fossa. The bypass con-
sists of a 4–5 mm prosthetic graft which is tunneled in the 
deep tissue of the upper medial arm (Fig.  19.7 ). Needle can-
nulation sites remain on the anterior upper arm along the 
autogenous venous outfl ow tract. PAI most likely functions 
as a fl ow-limiting procedure as the long, small caliber bypass 
increases resistance in the access thereby improving distal 
perfusion [ 44 ]. In small case series, PAI resolved ischemic 
symptoms in 65–84 % of patients [ 54 ,  55 ]. These reports 
suggest that PAI is less effective in high access fl ow HAIDI 
and caution against the use of PAI in patients with severe tis-
sue loss. Other concerns about PAI center around the infec-
tious and thrombotic risk of converting a fi stula to a 
composite prosthetic/autogenous access.

   In contrast to PAI, the revision using distal infl ow (RUDI) 
procedure relocates the arterial infl ow to a more distal artery. 
As a fi rst step, the fi stula is ligated and transected close to the 
brachial anastomosis. A short interposition bypass from the 
radial or ulnar artery to the fi stula is then created using a 
nearby venous collateral or great saphenous vein graft 
(Fig.  19.8 ). By switching arterial infl ow from the brachial to 
the radial or ulnar artery, RUDI decreases fl ow into the fi s-
tula and increases distal perfusion. Advantages of RUDI over 
the PAI and DRIL procedures include the use of a shorter 
bypass conduit and preservation of uninterrupted fl ow 
through the native brachial artery. Fistula failure is the pri-
mary drawback of RUDI as the smaller distal artery may fail 
to supply adequate infl ow to the fi stula. Although small case 

  Fig. 19.6    Distal revascularization-interval ligation (DRIL) procedure. 
A bypass from the proximal brachial artery extends to the brachial 
artery just distal to the AV fi stula anastomosis. The brachial artery is 
then ligated distal to the AV anastomosis and proximal to the bypass 
graft       
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series reported that RUDI resolved ischemic symptoms in 
nearly all patients, the fi stula failure rate ranged from 29 to 
43 % [ 56 ,  57 ]. The presence of forearm arterial occlusive 

disease, especially in the elderly, diabetics, and women, may 
increase the risk of fi stula failure after RUDI.

       Ischemic Monomelic Neuropathy 

 In 1983 Wilbourn coined the term “ischemic monomelic 
neuropathy” (IMN) to describe an unusual form of ischemia 
affecting multiple nerves in the same extremity [ 58 ]. One of 
the three patients in his original paper developed IMN after 
an AV fi stula and further experience has demonstrated that 
IMN is a rare but potentially devastating complication of 
vascular access with an incidence of 0.5 % [ 59 ]. As an 
unusual form of ischemia, IMN causes nerve damage often 
resulting in permanent limb dysfunction. The underlying 
pathology of IMN seems to involve mild, transient ischemia 
which triggers a disproportionately severe injury to suscep-
tible peripheral nerves [ 58 ]. Most reports of IMN describe a 
diabetic patient who develops intense hand pain and weak-
ness immediately following surgery to create a brachial 
artery-based AV access. Physical exam typically reveals a 
well-perfused hand with sensory and motor defi cits of all 
three nerves (radial, ulnar, and median). When the diagnosis 
is unclear, noninvasive exams can provide valuable supple-
mental information. Most patients with IMN have digital 
pressures greater than 50 mmHg, while nerve conduction 
studies demonstrate reduced or unobtainable sensory and 
motor nerve action potentials [ 60 ]. Although these results 
support the diagnosis of IMN, noninvasive exams are not 
necessary in all cases and may serve only to delay treatment 
when the clinical scenario clearly points to IMN. 

 Immediate AV access ligation offers the only effective 
treatment for IMN. Failure to recognize and treat IMN leads 
to permanent nerve damage and a nonfunctional claw hand 
in severe cases [ 61 ]. Unfortunately, early diagnosis and 
immediate ligation often fails to completely reverse nerve 
dysfunction, and most patients require physical and occupa-
tional therapy to improve hand function [ 62 ]. IMN poses a 
risk to all patients undergoing AV access surgery making 
efforts at prevention diffi cult if not impossible. Although the 
presence of arterial insuffi ciency and diabetic neuropathy 
increases the risk, no preoperative fi nding or test can predict 
which patients will develop IMN [ 63 ]. Effective manage-
ment of IMN requires a heightened awareness of its symp-
toms, early diagnosis in the immediate postoperative period, 
and prompt access ligation to minimize the long-term effects 
of the nerve injury.  

    Thrombosis 

 Vascular access thrombosis (VAT) is a disruptive and poten-
tially dangerous event in the life of a dialysis patient. VAT 
interrupts dialysis which can be life-threatening in the  setting 

  Fig. 19.7    Proximalization of arterial infl ow. A long interposition 
bypass extends from the proximal brachial artery near the axilla to the 
autogenous access       

  Fig. 19.8    Revision using distal infl ow. The fi stula is ligated and tran-
sected close to the brachial anastomosis. A short interposition bypass is 
then constructed from the more distal radial (or ulnar) artery       
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of hyperkalemia or fl uid overload. Salvaging the clotted 
access involves an invasive procedure with its associated 
risks, while failure to restore access patency puts the patient 
in the undesirable position of using a catheter for dialysis. 
Despite advances in surgery, dialysis surveillance, and endo-
vascular tools, VAT causes more hospital admissions and 
more vascular access failures than any other complication 
[ 64 ]. Minimizing the negative impact of VAT requires an 
understanding of the pathophysiology and familiarity with 
surgical and endovascular thrombectomy techniques. 

 VAT results from a confl uence of thrombotic factors 
described by Virchow’s triad: endothelial cell injury, reduc-
tion of blood fl ow, and    hypercoagulability. The fi rst part of 
the triad, endothelial dysfunction, refl ects the underlying 
intimal hyperplasia which occurs in nearly all forms of vas-
cular access. Intimal hyperplasia involves the proliferation of 
extracellular matrix, activated cells, and neovascularization 
which can narrow and ultimately occlude the vessel lumen. 
Several events commonly encountered in dialysis patients 
trigger intimal hyperplasia including surgical trauma, hemo-
dynamic shear stress, AV graft bioincompatibility, needle 
puncture injury, and uremia. The second part of the triad, low 
blood fl ow or stasis, usually stems from a problem with 
access infl ow, outfl ow, or the conduit itself. External com-
pression and systemic hypotension can also compromise 
fl ow and predispose to VAT. Hypercoagulability, the third 
part of the triad, emerges when patients start receiving dialy-
sis. In contrast to the bleeding tendency of uremic patients, 
patients on dialysis often exhibit hypercoagulability medi-
ated primarily by activated platelets [ 65 ]. Exposure to pro-
thrombotic surfaces (extracellular matrix, artifi cial 
membrane), coupled with turbulence in the AV access, acti-
vates platelets setting off a cascade of events which culmi-
nates in platelet deposition and conditions favoring intimal 
hyperplasia. 

 Whether inherited    hypercoagulable disorders contribute 
to VAT remains unclear. Several studies reported a higher 
prevalence of factor V Leiden and the prothrombin 20210 
polymorphism in patients with VAT compared to patients 
without VAT [ 66 ,  67 ]. In contrast, Fekih-Mrissa failed to 
observe an increased thrombotic risk among dialysis patients 
with factor V Leiden or prothrombin G20210A mutations 
[ 68 ]. Although a hypercoagulable work-up is probably not 
necessary in most patients with VAT, an evaluation may be 
warranted in selected patients especially those with recurrent 
VAT involving multiple access types. 

 Comorbid conditions that frequently affect dialysis 
patients also increase the risk of VAT. Patients with atrial 
fi brillation have double the risk of VAT which most likely 
refl ects the underlying chronic infl ammation associated with 
atrial fi brillation and hemodialysis [ 69 ]. Diabetes increases 
the probability of AV graft thrombosis to 55 % and 72 % at 6 
and 12 months, respectively, compared to 29 % and 49 % in 

patients without diabetes [ 70 ]. Several studies and a recent 
meta-analysis suggest that the commonly used medication 
erythropoietin (EPO) triggers intimal hyperplasia and throm-
bosis [ 71 ]. Other acquired thrombotic risk factors include 
hypertension, malignancy, previous catheter insertion, focal 
segmental glomerulosclerosis, hyperhomocysteinemia, 
hypoalbuminemia, and anticardiolipin antibodies. Obesity 
increases the technical diffi culty of cannulation and hemo-
stasis, which may account for the increased risk of VAT [ 72 ]. 

 Physical exam demonstrating the loss of a previously pal-
pable thrill and audible bruit provides suffi cient evidence to 
diagnose VAT. Although a duplex ultrasound exam can con-
fi rm these fi ndings, this study is not necessary in most cases 
and should not delay treatment. Once diagnosed, VAT 
requires prompt treatment to minimize the metabolic and 
fl uid complications related to the interruption of dialysis. 
Failure to intervene quickly allows the thrombus to grow and 
increases the contact time between the thrombus and the ves-
sel wall. Thrombectomy procedures become more diffi cult 
and less durable as time passes [ 73 ]. Reestablishing AV 
access patency within 48 h can usually return the patient to 
their routine dialysis schedule without resorting to the use of 
a temporary catheter. 

 Interventions for VAT consist of two components: removal 
of the thrombus and treatment of the underlying cause of 
access failure. Over 85 % of patients have an underlying 
venous outfl ow stenosis which precipitates VAT; however, 
other conditions can contribute including external compres-
sion, arterial infl ow stenosis, and pseudoaneurysm [ 74 ]. As 
previously discussed, prothrombotic risk factors such as 
hypercoagulability and low fl ow due to hypotension may 
also play a role in VAT. An AV access thrombectomy can 
consist of a surgical procedure, an endovascular interven-
tion, or a hybrid combination of both techniques. The wide 
range of AV access confi gurations and types makes applying 
the same strategy to all clinical scenarios diffi cult. Studies 
comparing various thrombectomy techniques failed to show 
universal superiority of one over the others [ 75 ]. Therefore, 
the choice of intervention depends on the practitioner and 
institution, the type of AV access, the most likely cause of 
thrombosis, and the patient’s clinical condition. 

 Surgical treatment for a clotted autogenous AV fi stula 
requires exposure of the thrombosed vein in a location that 
does not encroach on the needle cannulation areas. A trans-
verse venotomy is then made to pass an appropriately sized 
balloon thrombectomy catheter proximally and distally. 
After clot removal, an intraoperative fi stulogram of the 
venous outfl ow and arterial infl ow usually suggests the 
underlying cause of thrombosis. Venous outfl ow lesions can 
be treated with balloon angioplasty or surgical revision in the 
form of a patch angioplasty or interposition jump graft to a 
patent vein in the upper arm. Severe infl ow stenosis usually 
requires proximal relocation of the arterial anastomosis. 
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 Although initial technical success ranges from 50 to 
70 %, surgical thrombectomy for autogenous AV fi stulas has 
a short-term primary patency rate of less than 50 % [ 76 ]. 
This limited durability refl ects the underlying endothelial 
damage which predisposes the access to re-thrombosis. 
Thrombosis damages the venous endothelium, while a bal-
loon thrombectomy traumatically removes the endothelium, 
exposing the thrombogenic subendothelial surface. The ideal 
clinical scenario for a surgical thrombectomy may be a 
radial-cephalic fi stula which clots because of severe juxta- 
anastomotic stenosis. In this case, venous tributaries usually 
limit the thrombus to a small segment of cephalic vein which 
can be easily removed without infl icting widespread endo-
thelial injury. Relocating the arterial anastomosis more prox-
imally can restore adequate infl ow and salvage the access. 

 Endovascular therapy for a thrombosed autogenous fi s-
tula has the advantage of nontraumatic thrombus removal. 
Ultrasound guidance usually helps establish percutaneous 
access to the clotted vein. Thrombolytic infusion and a vari-
ety of percutaneous mechanical thrombectomy devices then 
remove the thrombus without direct endothelial contact. The 
procedure can remain completely percutaneous by treating 
the underlying stenosis with balloon angioplasty and/or stent 
placement. Minimizing trauma to the endothelium should 
theoretically translate into improved patency. In practice, 
this technique still results in a low 6-month primary patency 
of 19–38 % according to case series reports. Repeat interven-
tions have achieved a reasonable secondary patency of 74 
and 69 % at 6 and 12 months, respectively [ 77 ]. Convincing 
evidence to support the use of more costly percutaneous 
thrombectomy devices instead of thrombolysis and balloon 
angioplasty does not yet exist. 

 Surgery for a thrombosed AV graft starts with a balloon 
thrombectomy after exposure and control of the graft. The 
suspected cause of the thrombosis and anticipated need for 
revision determine the location of the incision (Fig.  19.9 ). 
After clearing the graft of thrombus, an intraoperative fi stu-
logram should interrogate the access from the arterial anas-
tomosis to the central veins. These contrast images can 
confi rm the cause of the thrombosis and uncover other con-
ditions that could lead to re-thrombosis. In the majority of 
cases, the culprit lesion lays in the venous anastomosis as a 
result of intimal hyperplasia. Treatment options include bal-
loon angioplasty or surgical revision with either patch angio-
plasty or a jump graft to a more proximal vein. Although 
prosthetic AV grafts thrombose more frequently, they have a 
better response to thrombectomy compared to AV fi stulas. 
Thrombus is easier to clear from prosthetic conduits because 
they have no endothelial lining to injure, are uniform in cali-
ber, and can be segmentally replaced if necessary.

   The endovascular approach to prosthetic VAT usually 
begins by placing crossed sheaths into the graft, one toward 
the arterial anastomosis and the other toward the venous 

 outfl ow. Percutaneous cannulation of a thrombosed graft can 
present a challenge since a needle puncture does not usually 
return blood. In these cases, ultrasound guidance can con-
fi rm needle cannulation of the graft, thereby avoiding multi-
ple unsuccessful needle sticks which often bleed after 
restoring blood fl ow. In the most well-described technique 
for endovascular thrombectomy, 2–5 mg of tissue plasmino-
gen activator (tPA) is infused into each sheath and allowed to 
dwell in the clotted graft for 15–30 min. Balloon angioplasty 
of the entire graft and venous outfl ow then debulks the 
thrombus and dilates areas of stenosis. Complete contrast 
imaging of the entire access extending to the central veins 
can then detect any areas of residual stenosis which require 
further treatment. If thrombus remains in the arterial side of 
the graft, a balloon thrombectomy catheter should be passed 
and advanced through the arterial anastomosis. Pulling back 
on the infl ated thrombectomy balloon will restore arterial 
blood fl ow by dislodging the arterial plug. Percutaneous 
mechanical thrombectomy devices such as the Angiojet, the 
Arrow-Trerotola, and the Hydrolyzer offer an alternative or 
adjunct to tPA infusion and balloon angioplasty. Although 
these devices have different methods of fragmenting and 
aspirating thrombus, some degree of thromboembolization 
always occurs. Residual thrombotic debris from percutane-
ous thrombectomy maneuvers ultimately gets released into 
the pulmonary circulation; however, this event rarely causes 
any clinical sequelae. 

  Fig. 19.9    Surgical thrombectomy of an upper arm AV graft. An inci-
sion near the venous outfl ow is used to perform a graft thrombectomy 
with a Fogarty embolectomy catheter       
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 Prospective studies comparing surgical and endovascular 
AV graft thrombectomy techniques do not exist. Despite 
acceptable rates of initial technical success, both approaches 
have poor primary patency ranging from 30 to 50 % at 
6 months. In a retrospective case series, Ito et al. found that 
endovascular thrombectomy procedures had the same results 
as hybrid techniques involving surgical thrombectomy with 
balloon angioplasty [ 78 ]. Both techniques proved inferior to 
surgical thrombectomy with graft revision which achieved a 
primary patency rate of 23 % at 2 years. The slight advantage 
of surgery must be balanced by its consumption of “venous 
capital” which is usually in short supply. Endovascular 
thrombectomy may offer a reasonable fi rst-line treatment as 
a repeatable, minimally invasive intervention which does not 
sacrifi ce future access sites. The K-DOQI guidelines seemed 
to support these values when they established a benchmark 
of 40 % primary patency at 3 months for percutaneous 
thrombectomy, while surgical thrombectomy was held to a 
higher standard of 50 and 40 % primary patency at 6 and 
12 months, respectively [ 75 ].  

    Pseudoaneurysm 

 A pseudoaneurysm usually presents as a focal pulsatile mass 
which forms due to a leaking hole in an artery, vein, or pros-
thetic graft. The overlying tissues surround and contain a 
“bubble” of blood fl ow which enters the pseudoaneurysm 
cavity and returns to the source vessel with every heart beat. 
Duplex ultrasound can differentiate a pseudoaneurysm from 
a true aneurysm or hematoma by demonstrating bidirectional 

color fl ow within the mass and a connection to the access 
vessel or graft, the so-called neck (Fig.  19.10 ). Although 
they can develop in autogenous fi stulas, pseudoaneurysms 
occur more frequently in prosthetic grafts with an estimated 
prevalence of 2–10 % [ 79 ]. Pseudoaneurysms that form 
along the course of the access graft typically represent punc-
ture site injuries, while anastomotic pseudoaneurysms can 
refl ect an underlying infection. A pseudoaneurysm poses a 
thrombotic, infectious, and hemorrhagic risk, and appropri-
ate treatment depends on its etiology and location as well as 
the type of access and clinical circumstances.

   Prosthetic graft degeneration from repeated needle punc-
tures combined with venous back pressure due to outfl ow 
stenosis can lead to a cannulation site pseudoaneurysm. 
Expansion of the pseudoaneurysm causes necrosis of the 
overlying subcutaneous tissue and skin which generates mul-
tiple problems including diffi culty achieving hemostasis 
upon needle withdrawal, spontaneous bleeding from cannu-
lation sites, severe hemorrhage, and acute graft rupture. The 
extent of the pseudoaneurysm and the condition of the 
 overlying skin infl uence treatment decisions. Small puncture 
site pseudoaneurysms with viable overlying skin often 
resolve with access rest and observation. Enlarging pseudoa-
neurysms and those with compromised overlying skin war-
rant surgery to resect the pseudoaneurysm and create an 
interposition graft around the site. In most cases, dialysis can 
continue through the uninvolved graft while the new segment 
incorporates. More extensive pseudoaneurysms may repre-
sent complete destruction of the anterior wall of the graft. 
Surgical replacement in these cases will not allow continued 
dialysis through the graft unless it is performed in stages. 

  Fig. 19.10    Duplex ultrasound of 
an AV graft with a large 
pseudoaneurysm demonstrating 
characteristic bidirectional fl ow 
( red  and  blue  color)       
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 Since its initial description in 1998, stent graft placement 
for AV graft pseudoaneurysms has offered an alternative to 
open surgery [ 80 ]. An endovascular approach has the appeal 
of being able to percutaneously exclude the pseudoaneurysm 
and address potential venous outfl ow stenosis without inter-
rupting dialysis or placing a temporary catheter. Several 
small series reported 100 % procedural success for stent graft 
placement and excellent 30-day patency which declined to 
20–28 % patency at 6 months [ 81 ,  82 ]. Unresolved questions 
regarding the durability of stent grafts have tempered some 
of the early enthusiasm for this off-label technique. Stent 
grafts were not designed to be punctured by dialysis needles, 
and several reports document stent damage and strut fracture 
from repeated cannulation [ 15 ]. In most cases, safety and 
durability concerns about stent grafts outweigh their advan-
tages, and endovascular therapy for AV graft pseudoaneu-
rysms remains an inferior alternative to surgical revision. 

 In autogenous fi stulas, distinguishing a pseudoaneurysm 
from a true venous aneurysm may require a duplex ultra-
sound exam. Pseudoaneurysms typically occur along cannu-
lation areas due to repeated needle sticks in the same location, 
so-called one-site-itis. Abandoning the area and adhering to 
a rotating site or “rope ladder” cannulation strategy usually 
resolves the problem. The presence of a scab or extremely 
thin skin overlying the pseudoaneurysm warrants prompt 
intervention. Hemostasis may be tenuous in this scenario, 
and the patient is at risk for potentially fatal hemorrhage 
until the pseudoaneurysm is resected and the fi stula can be 
surgically revised. 

 Diffuse enlargement of a long-standing autogenous fi stula 
usually refl ects a true aneurysm involving all layers of the 
access wall. If the overlying skin is intact and the aneurysm is 
free of layered thrombus, it will support continued dialysis and 
does not require intervention. Surgical intervention may be 
necessary if the aneurysm compromises the overlying skin or 
causes obstructive problems from kinking. In many cases 
resecting the tortuous, aneurismal area and creating a more 
proximal anastomosis can salvage the fi stula. Diameter reduc-
tion procedures using a variety of techniques have also achieved 
technical success with good long-term durability [ 83 ,  84 ].  

    Infection 

 Vascular access infection emerged as an important complica-
tion with the rise of prosthetic AV grafts in the 1970s. 
Infection currently ranks second only to thrombosis as the 
leading cause of access loss, and some studies report that the 
AV graft infection rate exceeds 30 % [ 85 ]. In a survey of 
dialysis centers, access-related infection occurred in 3.2 % of 
patients per month which contributes to the 31 % annual 
incidence of infection related hospitalization among dialysis 
patients [ 86 ]. Although mortality directly attributed to access 

infection defi es accurate reporting, infection in general 
represents the second most common cause of death in 
patients with chronic kidney disease [ 87 ]. Potentially fatal 
consequences of vascular access infection include hemor-
rhage, sepsis, and endocarditis. Prompt diagnosis and aggres-
sive treatment minimizes the clinical impact of infection 
while preserving the vascular access in selected cases. 

 Several factors conspire to make dialysis patients more 
susceptible to infection and more likely to present with an 
advanced stage of access infection. Uremia causes immuno-
logic dysfunction which interferes with lymphocyte- 
mediated cellular immunity, slows neutrophil chemotaxis, 
and impairs phagocytosis and bacterial killing [ 88 ]. Common 
comorbidities among dialysis patients including malnutrition, 
iron overload, increased intracellular calcium, and diabetes 
also suppress immune function and increase the risk of 
infection. Every dialysis session adds to the threat of infec-
tion by introducing skin bacteria through the needle puncture 
sites which explains why most infections begin at the cutane-
ous access sites of AV grafts. The microbiology of vascular 
access infections refl ects the inherent risk of frequent skin 
punctures with  Staphylococcus aureus  causing 50–70 % of 
access infections followed by coagulase negative 
 Staphylococcus ,  Streptococcus , and polymicrobial infections 
with multiple gram-negative bacteria [ 89 ]. 

 The signs and symptoms of access infection vary with the 
severity of infection and the patient’s clinical status. Explicit 
evidence of infection such as a purulent drainage, a sinus 
tract, and exposed conduit reliably identifi es an infected 
access and rarely cause diagnostic uncertainty. Localized 
tenderness, erythema, and induration can represent subtle 
signs of infection; however, these fi ndings also occur in the 
setting of recent surgery or a cannulation site hematoma. 
Immunocompromised and elderly patients also present a 
diagnostic challenge since they cannot mount a localized 
infl ammatory response and may present instead with systemic 
symptoms related to hypotension, lethargy, and hypoglycemia. 
If the diagnosis is uncertain, serial exams and duplex ultraso-
nography can help differentiate an infected access from a 
hematoma or postsurgical fl uid collection. Progressive ery-
thema and induration on serial exams combined with increasing 
perigraft fl uid visualized with ultrasound suggest a vascular 
access infection.  111 Indium-tagged imaging offers a sensitive 
but nonspecifi c test whose accuracy is limited by false-posi-
tive results due to infl ammation from the needle puncture or 
hematoma. 

 Treatment for a vascular access infection can range from 
complete access removal to simple observation. Access type, 
patency, extent of infection, microbiology, and presenting 
symptoms guide clinical decision-making and determine the 
most appropriate intervention. Native AV fi stulas rarely 
become infected, and therefore there is a limited amount of 
accumulated evidence comparing various treatment options. 
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Infection confi ned to the cannulation site of an AV fi stula 
often resolves by stopping needle punctures at the site and 
resting the arm. More extensive infections require segmental 
ligation and resection. In some cases, the fi stula can be sal-
vaged by relocating the arterial anastomosis to a more proxi-
mal site or by replacing the infected segment with an 
interposition autogenous bypass tunneled through clean tis-
sue planes. Infections associated with bleeding or encroach-
ing on the arterial anastomosis mandate ligation of the AV 
fi stula. Regardless of the planned intervention, all AV fi stula 
infections require broad-spectrum antibiotic coverage (such 
as vancomycin and an aminoglycoside) for at least 6 weeks 
[ 90 ]. The results of blood and tissue cultures can often nar-
row the antibiotic coverage. 

 The rate of prosthetic AV graft infection exceeds that of 
native fi stulas by more than tenfold with an annual incidence 
ranging from 3 to 19 % [ 79 ,  91 ]. Complete graft removal 
provides the safest and most effective treatment for an AV 
graft infection and should be performed for the following 
indications: systemic sepsis, graft occlusion,  Pseudomonas  
or other aggressive bacterial infection, fl uid or purulence sur-
rounding the entire graft, recurrent septic pulmonary emboli, 
and an unincorporated or recently placed graft (less than 
30 days old). Surgery to remove an AV graft usually begins 
by controlling the native vein and artery followed by com-
plete removal of the prosthetic graft and aggressive debride-
ment of the surrounding tissue. While the venous outfl ow 
can be occluded and oversewn, preserving arterial perfusion 
requires an interposition autogenous bypass to replace the 
infected artery. Failure to adequately debride the infected tis-
sue and vessels leads to recurrent bleeding in 20 % of patients 
with positive blood cultures [ 92 ]. If the severity of the infec-
tion and tissue sclerosis precludes safe construction of a 
bypass, proximal ligation of the native artery may be the only 
way to achieve hemostasis. Collateral fl ow provides adequate 
perfusion, and revascularizaton is usually not necessary after 
ligating the radial artery or the brachial artery distal to the 
profunda brachial artery [ 93 ]. 

 Oversewing a cuff of graft left on the arterial anastomosis is 
a reasonable surgical decision provided that the segment of 
graft remains completely incorporated and uninvolved with 
the infection (Fig.  19.11 ). This subtotal graft excision (SGE) 
technique avoids a potentially diffi cult dissection and reduces 
the risk of arterial or nerve injury [ 94 ]. Reports of successful 
SGE emphasize selecting patients with limited infections and 
confi rming complete perianastomotic graft incorporation at 
the time of surgery. A postoperative regimen involving fre-
quent debridements and twice-daily dressing changes may 
also decrease the chance of recurrent infection. Although Ryan 
et al. documented successful SGE in 15 of 15 patients, Schild 
et al. reported a more sobering outlook as infected prosthetic 
cuffs accounted for 17 % of their series of vascular access 
infections [ 95 ]. Widespread acceptance of the SGE technique 
awaits the accumulation of more convincing evidence.

   Solving the problem of infection with a total or SGE  creates 
a new challenge: lack of hemodialysis access. Immediately 
following graft removal, patients must endure the limitations 
and inconvenience of a temporary dialysis catheter. Prospects 
for a new long-term access are often bleak as patients lack an 
alternative access site. Avoiding this scenario of access site 
exhaustion and catheter dependence sparked interest in partial 
graft excision (PGE) for patients with localized infections. 
This technique preserves graft patency by replacing the 
infected segment with an interposition bypass tunneled 
through clean tissue planes. Surgery for PGE starts by isolat-
ing the infected area with adhesive dressings before surgically 
exposing the incorporated prosthetic graft proximal and distal 
to the infection. Graft continuity is restored by tunneling an 
interposition graft well around the infected area and anasto-
mosing it to the proximal and distal uninfected portions of the 
AV graft (Fig.  19.12 ). The sterile ends of the infected graft 
segment can be ligated toward the area of infection to facilitate 
closure of the tunnel with a purse-string subcutaneous suture. 
After covering the bypass incisions with occlusive dressings, 
the infected portion of the graft is then excised through a sepa-
rate incision. Dialysis can continue through the uninvolved 
segments of the graft until the interposition bypass heals, and 
the whole graft can again be accessed.

   PGE has the highest chance of success in patients with a 
localized graft infection who have an ample length of unin-
volved graft with no surrounding fl uid as confi rmed by a 
 preoperative ultrasound. Although the absence of fl uid does 

  Fig. 19.11    Removal of AV graft with small cuff of graft left in place on 
arterial anastomosis       
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not rule out infection, its presence almost always signifi es a 
more extensive infection and should act as a contraindication 
to PGE. Several authors reported PGE success rates ranging 
from 74 to 100 % in selected patients [ 96 – 98 ]. Predictors of 
success and failure for PGE remain unclear because of the 
relatively small number of patients studied. Although failure 
of PGE requires total graft excision, it rarely results in a life- 
threatening complication. In the series reported by Ryan 
et al., none of the patients who failed PGE presented with 
hemorrhage or sepsis [ 95 ]. 

 Regardless of their patency or function, old prosthetic 
grafts retain their susceptibility to infection. Abandoned, 
nonfunctional grafts should be suspected in patients present-
ing with unexplained systemic infection or resistance to epo-
etin therapy. An  111 Indium-tagged white blood cell or gallium 
scan usually localizes the abandoned access graft as the site 
of infl ammation. Complete removal of the infected graft pro-
vides defi nitive treatment and should restore the responsive-
ness to epoetin [ 75 ].  

    Conclusion 

 The development of reliable vascular access more than 
50 years ago transformed end-stage renal disease from a 
death sentence to a chronic and manageable condition. 
Nearly half a million patients in the USA now rely on vascu-
lar access to receive life-sustaining hemodialysis treatments. 
For these patients, vascular access complications rival kid-
ney failure itself as a persistent source of morbidity, mortal-
ity, and lost quality of life. The clinical impact of vascular 

access complications ranges from mild symptoms and incon-
venience to critical illness, limb loss, and death in severe 
cases. Insights into the pathophysiology, diagnosis, and 
treatment of the most common vascular access complica-
tions outlined in this chapter will help the vascular access 
surgeon preserve the quality and extend the length of life for 
patients receiving hemodialysis.     
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           Introduction 

    Atherosclerosis is a systemic disorder that can affect any 
artery. Atherosclerosis of the carotid, mesenteric, and renal 
arteries can have debilitating and potentially fatal conse-
quences including stroke, bowel ischemia, hypertension, and 
renal failure. The prevalence of cardiovascular risk factors 
ensures that general surgeons will regularly encounter 
patients with atherosclerotic disease affecting the carotid, 
mesenteric, and renal arteries. Familiarity with these condi-
tions can help general surgeons to diagnose and manage 
affected patients and direct them to more specialized care 
when appropriate. This chapter provides an overview of the 
clinical presentation, diagnosis, and treatment for carotid, 
mesenteric, and renal artery disease.  

    Carotid Artery Stenosis 

 Despite advances in the medical management of atheroscle-
rosis, stroke continues to be the main cause of disability in 
most developed countries and the fourth leading cause of 
death in the United States [ 1 ,  2 ]. Approximately 85 % of all 
strokes are ischemic, of which 10–30 % may be attributed to 
extracranial carotid lesions. Carotid artery stenosis is, there-
fore, one of the main preventable causes of stroke [ 1 ]. Several 
randomized clinical trials have convincingly shown that 
carotid endarterectomy is a safe and effective procedure for 
stroke prevention in patients with carotid stenosis [ 3 – 6 ]. 
Carotid artery stenting (CAS) has also effectively treated 
patients with carotid stenosis; however, it was initially 
restricted to high-surgical-risk patients, particularly those 
with severe comorbidities or a hostile neck from previous 

surgical procedures or radiation [ 1 ]. Recent randomized 
 clinical trials have questioned the restrictions placed on CAS 
and suggest that CAS may also be feasible in standard risk 
patients [ 7 ,  8 ]. 

    Clinical Presentation and Symptomatic Status 

 The presence or absence of symptoms in patients with carotid 
stenosis is the most important determinant of stroke risk and 
factors into all treatment decisions. Patients should be con-
sidered symptomatic when a clear history of stroke, amauro-
sis fugax, or transient ischemic attacks (TIA) has occurred 
within 180 days of the evaluation [ 9 ]. Although the 180-day 
cutoff is controversial, it is based on the timeline defi ning 
symptomatic status used in most recent clinical trials dealing 
with carotid artery disease [ 7 ,  10 – 12 ]. A TIA represents a 
focal neurologic defi cit that completely resolves or returns to 
baseline within 24 h [ 1 ]. The 24 h limit is an arbitrary defi ni-
tion as most TIAs last only a few minutes. TIAs occur in the 
hemisphere ipsilateral to the carotid stenosis and therefore 
manifest as a contralateral motor or sensory defi cit. Since 
TIAs completely resolve, there should be no evidence of 
cerebral infarction on cerebral imaging studies. Amaurosis 
fugax occurs secondary to embolism to the ophthalmic artery 
and manifests as temporary monocular blindness that is ipsi-
lateral to the carotid stenosis. Stroke is defi ned as any neuro-
logic event lasting greater than 24 h associated with cerebral 
infarction in the hemisphere supplied by the target vessel [ 9 ]. 
Strokes can be further classifi ed as minor or major. A minor 
stroke is a new neurological event that persists for more than 
24 h but completely resolves or returns to baseline within 
30 days, whereas a major stroke is a new neurological event 
that persists after 30 days. Stroke has also been defi ned as 
any neurologic event associated with clear evidence of cere-
bral infarction on brain imaging with computed tomography 
(CT) scan or magnetic resonance imaging (MRI). Patients 
with carotid stenosis that do not meet the defi nition for 
symptomatic carotid stenosis are considered asymptomatic. 
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This includes those patients with no neurologic symptoms 
and those with a remote history of neurologic events which 
have not recurred within the last 180 days. Patients with prior 
symptoms referable only to the hemisphere contralateral to 
the target vessel or symptoms in either hemisphere more 
than 180 days prior to the evaluation should also be consid-
ered asymptomatic. Moreover, patients that manifest  atypical 
or non-focal neurologic symptoms (i.e., dizziness, confu-
sion, etc.) or vertebrobasilar symptoms should be considered 
asymptomatic with respect to carotid artery disease.  

    Diagnosis 

 Duplex ultrasound (US) is the preferred imaging modality 
for the diagnosis of carotid stenosis [ 1 ,  13 ]. The technical 
details and limitations of the carotid duplex ultrasound exam 
are discussed in Chap.   2    . It is worth reiterating that a duplex 
ultrasound exam uses blood fl ow velocity as an indirect mea-
sure of carotid artery stenosis. Velocity criteria and catego-
ries of stenosis must be established by each vascular 
laboratory and periodically verifi ed with confi rmatory imag-
ing studies. Duplex ultrasound has the advantage of being a 
noninvasive, convenient, and inexpensive test that does not 
require exposure to radiation or potentially nephrotoxic con-
trast agents. These advantages must be balanced against the 
fact that the quality of a carotid duplex exam depends on 
the skill of the operator and visualization may be limited in 
severely diseased or calcifi ed vessels. Moreover, carotid 
stents often artifi cially elevate blood fl ow velocities requir-
ing adjusted velocity thresholds as determined by each indi-
vidual vascular laboratory [ 14 ]. 

 Digital subtraction angiography (DSA) has traditionally 
been the gold standard to precisely determine the degree of 
carotid stenosis [ 1 ]. The basic concepts of DSA are discussed 
in Chap.   2    . Carotid DSA usually begins with an aortic 
arch arteriogram followed by catheterization of the aortic arch 
branches and common carotid arteries. Selective contrast 
injection into the common carotid artery using two or more 
imaging projections gives the most complete evaluation of 
the cervical carotid arteries (common, internal, and external) 
and the cerebral vasculature. Various techniques have been 
described for quantifying the degree of internal carotid artery 
stenosis. In the widely used NASCET method, the parallel 
tract of the internal carotid artery is used for the reference 
vessel diameter (“A” in Fig.  20.1 ), and the minimal lumen 
diameter (“B” in Fig.  20.1 ) within the carotid artery is identi-
fi ed for the calculation of the percentage of diameter stenosis 
[% diameter stenosis = (1 − [ B / A ]) × 100] [ 12 ,  13 ]. If near 
occlusion or a “string sign” is present, the NASCET method 
should be avoided as the degree of stenosis may be underes-
timated because of distal underfi lling and near collapse of 
the internal carotid artery.

   As an invasive exam, carotid DSA carries the risk of 
 complications. Catheterization of the aortic arch, aortic 
branches, and common carotid arteries can dislodge athero-
sclerotic plaque or generate thromboemboli resulting in a 
stroke. Other risks common to all forms of angiography 
include bleeding, pseudoaneurysm, dissection, and contrast 
reaction. Although the potential risks of carotid DSA have 
discouraged its use as a purely diagnostic exam, it still plays 
a role in the management of patients with carotid stenosis. 
Treatment decisions for carotid disease are now usually 
based on the results of duplex ultrasonography, CT angiogra-
phy (CTA), or magnetic resonance angiography. Ensuring 
the accuracy and reliability of these noninvasive exams 
requires regular audits to validate and correlate their fi ndings 
with DSA images. Beyond quality assurance, carotid DSA is 
also essential for planning and performing carotid artery 
stenting. Angiographic fi ndings, including aortic arch mor-
phology, vessel tortuosity, plaque ulceration, and angulation, 
kinking, or coils within the infl ow, bifurcation, or outfl ow 
vessels of the carotid system have implications for both 
endovascular and surgical intervention. Cerebral angiogra-
phy which is usually performed in conjunction with carotid 
DSA provides information regarding the status of the intra-
cranial circulation. 

 CTA and MRA provide detailed imaging of the carotid 
and cerebral circulations and have been increasingly used 
prior to carotid interventions. The NASCET methodology for 
determining carotid stenosis (percentage by diameter) should 
be applied for both CTA and MRA. As previously discussed, 

A

B

External carotid

Common carotid

Internal carotid

  Fig. 20.1    The NASCET method of measuring internal carotid stenosis. 
The internal carotid artery distal to the stenosis is used as the reference 
vessel diameter ( A ). The minimal lumen diameter is measured in the 
proximal internal carotid artery ( B ). The percent stenosis is calculated 
as % diameter stenosis = (1 − [ B / A ]) × 100       
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validating these imaging modalities requires correlation with 
the gold standard, i.e., diagnostic angiography including 
intra- and interobserver variability [ 15 ,  16 ]. Anatomic assess-
ment of the aortic arch, carotid tortuosity and morphology, 
status of the intracranial circulation, and morphologic 
 characterization of the carotid lesions using CTA and MRA is 
useful for planning carotid interventions, particularly carotid 
stenting [ 15 ,  16 ].  

    Treatment 

 All patients with carotid stenosis, irrespective of degree of 
stenosis, symptomatic status, or surgical risk should receive 
best medical therapy for atherosclerotic disease including 
risk factor reduction, antiplatelet therapy, and lifestyle modi-
fi cation [ 1 ]. The goals of medical treatment should be opti-
mization of both primary risk factors, namely, high systolic 
blood pressure and elevated low-density lipoprotein (LDL) 
cholesterol, and secondary risk factors, including diabetes, 
high non-high-density lipoprotein (non-HDL) cholesterol, 
smoking, excess weight, and insuffi cient exercise. Systolic 
blood pressure should be ideally maintained below 
140 mmHg (<130 mmHg in the case of patients with diabe-
tes) and LDL cholesterol levels below 70 mg/dL. 

 Intervening for carotid stenosis now involves choosing 
between surgical repair in the form of a carotid endarterec-
tomy (CEA) or endovascular therapy involving carotid 
angioplasty/stent (CAS). In the past, CEA was considered 
the treatment of choice for appropriately selected patients 
with low to moderate surgical risk while CAS was reserved 
for patients at high surgical risk due to either medical comor-
bidites or hostile anatomy. Recent evidence suggests that 
CAS is a feasible form of treatment for patients with carotid 
stenosis regardless of risk status. Although CEA remains one 
of the most well studied and widely performed vascular pro-
cedures, practice patterns may begin to shift toward endovas-
cular therapy with more patients eligible to receive CAS. 

 Treatment indications for performing a carotid endar-
terectomy (CEA) or carotid angioplasty/stent (CAS) vary 
according to the severity of stenosis and surgical risk. For 
moderate- and low-risk patients, CAS has the same indica-
tions as CEA for both symptomatic and asymptomatic 
patients. These indications are based on the CREST trial [ 7 ] 
and include:
•    Symptomatic carotid stenosis ≥50 % by angiography, 

≥70 % by duplex ultrasound, or ≥70 % by computed 
tomographic angiography (CTA) or magnetic resonance 
angiography (MRA) if the stenosis on ultrasonography 
was 50–69 %.  

•   Asymptomatic carotid stenosis ≥60 % by angiography, 
≥70 % by ultrasound, or ≥80 % by CTA or MRA if the 
stenosis on ultrasonography was 50–69 %.    

 In practice, the decision to intervene for asymptomatic 
carotid stenosis is not always as straightforward as these 
guidelines imply. Medical therapy may be the most appropri-
ate treatment in patients older than 75 or 80 who have stable, 
asymptomatic carotid stenosis. At the other end of the 
 spectrum, younger patients with more rapidly progressive 
internal carotid stenosis or an ulcerated plaque usually ben-
efi t from an intervention. 

 High-risk, symptomatic patients have the same treatment 
indications as conventional risk patients (previously cited), 
whereas asymptomatic, high-risk patients require greater 
than 80 % stenosis based on angiography to be considered 
for treatment with CAS. The higher degree of stenosis 
required for asymptomatic high-risk patients is solely based 
on the arbitrary inclusion criteria of the clinical trials and 
observational studies that the FDA used for the approval of 
CAS devices in the United States [ 1 ,  9 ,  17 ]. Most of these 
studies assumed that CAS was only justifi ed in high-risk 
patients with severe stenosis even though this has never been 
assessed or proven by any solid evidence or device trials. The 
criteria of greater than 80 % stenosis for asymptomatic 
patients to be considered for CAS will continue because it 
has been incorporated into the regulatory policies that still 
dictate reimbursement for CAS. 

 For patients with carotid stenosis who pose a high risk for 
surgery, CAS offers an interventional alternative that avoids 
the morbidity and mortality associated with CEA. High-
surgical- risk status can be classifi ed as relating to anatomic 
factors or medical comorbidities [ 9 ]. Anatomic high-risk cri-
teria include restenosis after previous CEA or in-stent reste-
nosis; high or low lesions defi ned as those superior to the 
second cervical vertebra or inferior to the clavicle; previous 
cranial nerve injury (ipsilateral or contralateral); “hostile 
neck” because of previous radical neck dissection, radiation, 
presence of a permanent tracheostomy, or a frozen neck; and 
other associated carotid lesions such as tandem lesions 
within the same carotid artery or stenosis or occlusion of the 
contralateral internal carotid artery (ICA). Medical high-risk 
criteria include class III or IV angina or congestive heart fail-
ure, coronary artery disease necessitating revascularization 
within 4 weeks, and severe chronic obstructive pulmonary 
disease defi ned as a forced expiratory volume ≤30 % of pre-
dicted or <1 L or the need for home oxygen. 

 Based on the results of the Carotid Revascularization 
Endarterectomy versus Stenting Trial (CREST), the FDA 
recently approved carotid stenting devices for conventional 
surgical risk patients with carotid stenosis [ 7 ,  18 ]. Although 
any patient with severe carotid stenosis can now be treated 
with CAS, reimbursement constraints limit the wide applica-
tion of CAS. The debate continues as to whether CAS should 
be considered as a treatment alternative on equal footing 
with CEA for all patients with carotid stenosis. Recent 
improvement and refi nement in best medical therapies for 
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atherosclerotic diseases have also questioned the benefi t of 
carotid interventions, particularly among asymptomatic 
high-risk patients. Future clinical trials will help defi ne 
which patient populations benefi t the most from each form of 
carotid intervention and/or medical therapy. Clinicians will 
make the most appropriate treatment decisions if they can 
classify patients with carotid stenosis into one of three cate-
gories: patients at high risk for CEA who would benefi t from 
CAS, patients at high risk for CAS that should be treated 
with CEA, or patients for whom best medical therapy alone 
may be suffi cient.   

    Mesenteric Ischemia 

 Mesenteric ischemia results from atherosclerotic stenosis or 
embolic occlusion of the celiac, superior mesenteric, or infe-
rior mesenteric arteries. Acute mesenteric ischemia (AMI) 
can result from abrupt embolic occlusion of the superior 
mesenteric artery (SMA), while chronic mesenteric ischemia 
usually requires stenosis or occlusion of two of the three 
arteries supplying the gastrointestinal tract. Mesenteric 
venous thrombosis and nonocclusive vasospasm can also 
cause acute mesenteric ischemia. 

 Multilevel atherosclerotic disease, cardiac arrhythmias, 
female sex, advanced age, and recent vascular interventions 
are the most common risk factors for AMI. Despite advances 
in endovascular therapy and critical care, AMI still has an 
in-hospital mortality rate as high as 80 % [ 19 ]. Several char-
acteristics and conditions conspire to make AMI such a 
deadly condition including: an ambiguous clinical presenta-
tion, delayed diagnosis, long-duration ischemia, reperfusion 
injury, and medical comorbidities. Chronic mesenteric isch-
emia (CMI) typically occurs in elderly, frail patients with 
extensive atherosclerotic disease who present with signifi cant 
weight loss and malnutrition because of “food fear.” 
Successful management for both acute and chronic mesen-
teric ischemia requires tailoring the treatment plan to match 
the severity of ischemia and the patient’s coexisting medical 
problems. 

 The two mechanisms of AMI are embolism and thrombo-
sis [ 20 ]. The most common sources of emboli are cardiac 
lesions, including left atrial or ventricular mural thrombus, 
and lesions of the aortic or mitral valves that occur in the set-
ting of atrial fi brillation or myocardial infarction. The 
embolus usually lodges a few centimeters distal to the ostium 
of the SMA near the origin of the middle colic artery. In con-
trast, SMA thrombosis occurs when clot forms within an 
existing atherosclerotic plaque usually located in the proxi-
mal segment of the vessel. Making the clinical distinction 
between an embolus to the SMA and an SMA thrombosis 
can be challenging. 

    Diagnosis 

 Prompt diagnosis and treatment play an important role in 
improving the clinical outcome of patients with AMI. 
Unfortunately, the vague and nonspecifi c initial clinical pre-
sentation of AMI often prevents clinicians from recognizing 
and treating AMI early in its course. Patients with AMI often 
present with complaints of abdominal pain that appears to be 
out of proportion to fi ndings on physical exam. As ischemia 
progresses, the pain becomes more intense and other gastro-
intestinal symptoms appear including nausea, vomiting, 
diarrhea, and abdominal distension. Although it is initially 
benign, the abdominal examination evolves into an acute 
abdomen with diffuse tenderness, guarding, rebound, and 
eventually peritonitis. A detailed history and physical exam 
should point to the diagnosis of AMI and allow the distinc-
tion from CMI. Most patients with AMI have associated 
dehydration and electrolyte imbalances that require intrave-
nous fl uid resuscitation. Other abnormal lab values such as 
leukocytosis, metabolic acidosis, and amylasemia usually 
occur in late presentations of AMI and refl ect more advanced 
ischemia. 

 Patients with CMI typically give a history of postprandial 
abdominal pain, weight loss, and intermittent diarrhea. They 
complain of crampy abdominal pain that characteristically 
occurs 15–45 min after food ingestion. “Food fear” is the 
term used to describe the behavior of patients with CMI who 
do not eat in an attempt to avoid postprandial pain. Although 
“food fear” is pathognomonic for CMI, it is not a required 
symptom for the diagnosis. Some patients with proven CMI 
completely deny postprandial abdominal pain and “food 
fear.” Only with specifi c questioning does it become obvious 
that these patients restrict their diet to small amounts of spe-
cifi c food (e.g., toast and crackers) that allows them to avoid 
pain after eating. While CMI itself does not cause intestinal 
malabsorption, food avoidance and diet restrictions over the 
protracted course of CMI usually causes malnutrition and 
frailty in this elderly population. On physical exam, up to 
two-thirds of patients with CMI have an abdominal bruit on 
abdominal auscultation [ 21 ]. 

 Plain abdominal X-rays for the evaluation of intestinal 
ischemia are usually nondiagnostic. Nonspecifi c plain fi lm 
fi ndings include air in the wall of the intestine or portal 
venous system in advanced cases of AMI and calcifi cation of 
the aorta and the visceral arteries in patients with CMI. Duplex 
ultrasound has limited utility for diagnosing AMI because 
patients often have an ileus and the dilated, air-fi lled bowel 
loops prevent adequate sonographic visualization of the vis-
ceral arteries. In contrast, duplex ultrasound has greater than 
80 % accuracy for the diagnosis of CMI [ 21 ]. Although its 
accuracy depends on the skill of the operator and requires 
external validation, the duplex ultrasound has emerged as a 
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useful, noninvasive screening test for patients suspected of 
having CMI. Moreover, weight loss and the thin body habi-
tus, prevalent among many patients with CMI, allows 
for technically straightforward ultrasound visualization and 
interrogation of the visceral vessels. Widely accepted veloc-
ity criteria for the diagnosis of stenosis include a peak sys-
tolic velocity greater than 275 cm/s for the SMA and greater 
than 200 cm/s for the celiac artery in a fasting state [ 21 ]. 

 CT angiography has replaced catheter-directed DSA as 
the imaging modality of choice for diagnosing mesenteric 
ischemia. CTA can be used to confi rm the diagnosis in 
patients suspected of having either acute or chronic mesen-
teric ischemia. Multidetector CT systems and 3-dimentional- 
reconstruction software also generate an indispensable 
guiding road map for planning a mesenteric revasculariza-
tion [ 22 ,  23 ]. Patients with abnormal renal function may not 
be candidates for a standard CTA because of the risk of 
 contrast nephropathy. Diagnostic imaging exams that lower 
the risk of nephrotoxicity include MR angiography (with 
gadolinium), highly selective diagnostic angiography, or 
CTA using intra-arterial (as opposed to intravenous) contrast 
administration.  

    Treatment 

 Acute mesenteric ischemia requires early diagnosis and 
prompt treatment to avoid ongoing bowel ischemia which 
will ultimately lead to necrosis, perforation, and peritonitis. 
After confi rming the diagnosis treatment begins with 
 systemic anticoagulation with intravenous heparin unless an 
absolute contraindication exists. The main goal of anticoagu-
lation is to prevent thrombus propagation within the mesen-
teric vessels. Because AMI can occasionally present as a 
complication in patients suffering an acute myocardial 
infarction, an electrocardiogram and cardiac enzymes should 
be obtained prior to any intervention. Patients with an acute 
abdomen on physical exam require immediate transfer to the 
operating room for abdominal exploration. 

 Over the past several years, endovascular intervention has 
proven to be a viable treatment option for selected patients 
with AMI. Ideal patients for endovascular therapy include 
those who present early in the course of AMI (less than 8 h 
from the onset of symptoms) without an acute abdomen or 
evidence of bowel ischemia based on physical examination 
and laboratory evaluation. Patients with high surgical risk 
and severe comorbidities may also be considered for endo-
vascular therapy [ 24 ]. A combination of catheter-directed 
mechanical thrombectomy and thrombolysis with or without 
ultrasound acceleration and balloon angioplasty and/or stent-
ing may be required to restore SMA patency and treat the 
culprit lesions. Incorporating diagnostic laparoscopy into 

this minimally invasive approach allows for an evaluation of 
bowel viability. 

 Patients with AMI and advanced ischemia or peritonitis 
require an exploratory laparotomy for bowel resection and 
surgical revascularization. If a mesenteric embolism is sus-
pected, the SMA is exposed and controlled at the root of the 
mesentery. Balloon embolectomy catheters are advanced 
proximally to remove the embolus. Distal arterial branches 
usually require manual milking of the mesentery to extrude 
the thrombus. Bowel resection and ostomies are then per-
formed as required. A second-look exploration to assess 
bowel viability should be performed 24–48 h later regardless 
of the patient’s clinical improvement. 

 If mesenteric thrombosis or chronic ischemia is suspected 
or confi rmed, the proximal SMA is exposed by mobilizing the 
fourth portion of the duodenum and incising the ligament of 
Treitz. A bypass procedure to the SMA is frequently required 
using antegrade or retrograde infl ow. The supraceliac aorta, 
the infrarenal aorta, or common iliac arteries are the most fre-
quent infl ow vessels. Autologous vein graft is preferable in 
cases of acute thrombosis because of the risk of contamina-
tion if bowel viability is compromised. Bypass to both the 
SMA and the celiac or hepatic artery are frequently performed 
for chronic mesenteric ischemia using bifurcated prosthetic 
grafts [ 23 ,  24 ]. The supraceliac aorta is the  preferred infl ow 
vessel in these chronic cases as it is rarely affected by advanced 
atherosclerotic disease. Nonocclusive mesenteric ischemia, 
which is usually secondary to hypoperfusion in the setting of 
hypovolemia, vasopressors, or underresuscitation, requires 
treatment of the underlying condition and occasionally cathe-
ter-directed, intra-arterial papaverine infusion. Surgical explo-
ration is indicated if bowel ischemia is suspected. 

 Endovascular therapy has gained acceptance as a fi rst-line 
treatment option for CMI because of the reduced periproce-
dural morbidity and mortality compared to open surgical 
revascularization [ 24 ,  25 ]. Balloon angioplasty and stenting 
of one or more visceral vessels can usually be performed 
with a high technical success rate in excess of 95 %. Although 
outcomes of endovascular therapy may not be as durable as 
open revascularization, recent series suggest improved 
patency rates with covered stents [ 26 ]. Moreover, future sur-
gical revascularization remains a treatment option for endo-
vascular failures and for patients in whom endovascular 
therapy was used as a bridge to promote weight gain and 
fi tness for open surgery.   

    Renal Artery Stenosis 

 Renal artery stenosis (RAS) usually results from atheroscle-
rosis (90 % of cases) and may occur in isolation or in combi-
nation with hypertension (renovascular hypertension) or 
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chronic kidney disease (ischemic nephropathy) [ 27 ]. 
Although RAS occurs in only 0.1 % of the general popula-
tion, its prevalence increases to 30 % among patients with 
coronary artery disease or symptomatic peripheral arterial 
disease and to 50 % in elderly subjects with atherosclerotic 
vascular disease [ 27 ,  28 ]. In the United States, 12–14 % of 
new patients entering dialysis have RAS [ 29 ], and ischemic 
nephropathy due to RAS may be responsible for 5–22 % of 
end-stage renal disease in patients older than 50 years [ 15 , 
 16 ,  29 – 31 ]. Among patients with hypertension, up to 4 % 
will develop RAS [ 32 ]. 

 RAS shortens patient survival and increases the risk of 
stroke and cardiovascular events [ 30 ]. In patients undergoing 
coronary angiography, the 4-year survival rate was 57 % 
among patients with severe RAS and 47 % in those with 
bilateral RAS compared to 89 % in patients with normal 
renal arteries [ 29 ]. Efforts to counteract the bleak prognosis 
associated with RAS have most recently involved renal 
revascularization in the form of renal artery angioplasty and 
stenting. The late 1990s witnessed a threefold increase in the 
number of endovascular renal artery procedures performed 
on Medicare benefi ciaries [ 28 ,  33 ]. Although stenting dra-
matically improves the angiographic appearance of a ste-
notic renal artery, the clinical benefi t of endovascular therapy 
for RAS has been more diffi cult to prove. Critical analysis of 
patient outcomes after renal artery angioplasty and/or stent-
ing has tempered the initial enthusiasm and popularity of 
endovascular therapy for RAS [ 28 ]. A comparative effective-
ness report sponsored by the Agency of Healthcare Research 
and Quality (AHRQ) reviewed the existing evidence on 
interventional and medical therapy for RAS. Citing no dif-
ference in mortality or cardiovascular event rates, the report 
concluded that current evidence does not support endovascu-
lar or open renal revascularization over medical therapy for 
the general population of people with RAS [ 28 ,  33 ,  34 ]. 
Debate continues as this report included studies with few 
patients and limited follow-up undermining its ability to 
make broad generalizations or treatment recommendations. 

    Clinical Presentation 

 In most patients RAS causes no symptoms and the renal 
lesion represents an incidental imaging fi nding. In this group 
of patients, hypertension is common but well controlled with 
one or two medications, and renal function is normal for 
age, sex, and race. Although disease progression with renal 
 atrophy and loss of function has been documented, asymp-
tomatic RAS has a benign course in 80 % of patients [ 28 ]. 
The risk of renal function loss in patients with asymptomatic 
RAS is similar to matched controls with normal renal arter-
ies. Similarly, less than 10 % of patients with asymptomatic 

RAS ultimately require either renal revascularization or 
 dialysis, the exception being asymptomatic patients with 
bilateral RAS or RAS affecting a solitary functional kidney 
[ 33 ]. Based on current evidence, incidental asymptomatic 
RAS only requires medical therapy and does not warrant 
open or endovascular revascularization. 

 Symptomatic RAS implies an association between the 
renal lesion and poorly controlled hypertension (despite 
two or more medications), recurrent fl ash pulmonary 
edema, or deteriorating renal function (ischemic nephro-
pathy) [ 27 ]. The pathophysiology of symptomatic RAS 
remains poorly understood as most patients with severe 
RAS have no symptoms. It is important to recognize that 
classifying a patient with RAS as symptomatic does not 
necessarily constitute an indication for renal revasculariza-
tion. While all patients with symptomatic RAS require 
medication to reduce cardiovascular risk and prevent dis-
ease progression, the indications for renal artery interven-
tion continue to evolve and require  careful consideration of 
the risks and benefi ts of intervention versus the outcome 
of best medical therapy [ 35 ].  

    Diagnosis 

 Duplex ultrasound has replaced renal function scanning as 
the initial noninvasive imaging of choice to screen for RAS. 
Although its accuracy exceeds 80 %, ultrasound quality 
requires a skilled sonographer and frequent external valida-
tion [ 36 ]. Body habitus and overlying bowel gas can prevent 
adequate ultrasound visualization of the renal vessels and 
render the exam nondiagnostic. Widely used sonographic 
criteria for RAS include a peak systolic velocity greater than 
180 cm/s in the main renal artery and the presence of postste-
notic turbulence [ 36 ]. 

 As with most arterial occlusive lesions, catheter-directed 
DSA has traditionally been the diagnostic gold standard. 
Modern management strategies for RAS now rely on CT 
angiography as the only direct imaging modality before 
renal revascularization. Most patients who need revascular-
ization for RAS are treated with renal artery angioplasty/
stenting and therefore undergo angiography as part of the 
therapeutic intervention. Diagnostic angiography should be 
performed in patients being considered for surgical revascu-
larization to confi rm RAS and plan the procedure. Both 
CTA and DSA carry a risk of nephrotoxicity as they both 
require intravenous (IV) iodinated contrast. Periprocedural 
hydration and the administration of sodium bicarbonate can 
mitigate some of the risk associated with contrast, particu-
larly in patients with abnormal or deteriorating renal func-
tion. MR angiography offers an accurate and safe imaging 
alternative for patients with glomerular fi ltration rate (GFR) 
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greater than 60 mL/min and possibly for patients with 
 moderate renal disease (GFR between 30 and 60 mL/min). 
The use of gadolinium contrast in MRA can increase the 
risk of nephrogenic systemic fi brosis in patients with severe 
renal dysfunction.  

    Treatment 

 Patients with RAS should always receive best medical ther-
apy for atherosclerotic disease, including risk factor reduc-
tion, antiplatelet therapy, and lifestyle modifi cation [ 27 ]. The 
goal of medical treatment should be to minimize the impact 
of both primary and secondary risk factors as previously dis-
cussed in the section on carotid stenosis. Particular attention 
should be given to blood pressure control using angiotensin 
II-converting enzyme inhibitors (ACEIs) and angiotensin- 
receptor blockers (ARBs) as fi rst-line medications. ACEIs 
and ARBs interrupt the renin-angiotensin system which 
forms the underlying pathophysiology in most patients 
with RAS and hypertension. Blood pressure control usually 
requires two or more types of medication. Patients with 
severe bilateral RAS represent a diffi cult therapeutic dilemma 
as ACEIs and ARBs may precipitate acute renal failure. 
In these patients, loop and thiazide diuretics may be a better 
option to avoid fl uid retention due to aldosterone excess. 
Spironolactone should also be used cautiously in patients 
with abnormal renal function or when added to ACEIs 
because of the risk of hyperkalemia. 

 As previously mentioned, the indications for renal revas-
cularization have evolved with improving medical therapy 
and a critical analysis of the outcomes after renal interven-
tion. Current evidence suggests that most patients with RAS 
should not undergo any renal artery intervention. Specifi c 
indications for renal revascularization include RAS greater 
than 60 % associated with:
•    Severe, poorly controlled hypertension, usually requiring 

three or more medications  
•   Severe hypertension associated with ischemic nephropa-

thy, particularly deteriorating renal function over the last 
6 months  

•   Severe hypertension associated to congestive heart failure, 
fl ash pulmonary edema, unstable angina, or neurologic 
events    
 Other less widely accepted indications included: unilat-

eral RAS with abnormal renal function, bilateral RAS, and 
RAS in a solitary functional kidney. 

 Endovascular therapy for RAS usually involves balloon 
angioplasty and stent placement in the proximal renal artery 
[ 28 ,  37 ]. The low profi le, rapid exchange balloons and stents 
currently available have improved the technical success and 

safety of endovascular intervention compared to the larger 
caliber, over the wire devices used in the past. Most vascular 
specialists favor the “no touch” technique which avoids unnec-
essary manipulation of the renal artery lesion in an attempt 
to minimize the risk of iatrogenic thromboembolic injury. 
Guiding catheters that engage just the renal artery ostium are 
used making it unnecessary to cross the lesion with a large-
caliber sheath. This technique also avoids balloon pre-dilation 
except for near-occlusive lesions in which small-diameter bal-
loon angioplasty can facilitate passage of the stent. Although 
the use of embolic protection devices has been described, spe-
cifi cally designed fi lters for renal arteries are not currently 
available. Dual antiplatelet therapy (aspirin and clopidogrel) is 
recommended for at least 1 month postprocedure to avoid 
renal stent thrombosis. 

 Open surgery for renal artery revascularization is per-
formed less frequently than endovascular interventions. 
Indications for surgery include severe, complicated RAS or 
RAS associated with aneurismal or occlusive disease of the 
aorta which requires operative reconstruction [ 38 ]. Although 
it is durable with a reported 3-year patency rates of 97 %, 
open revascularization carries a signifi cant risk of morbidity 
and mortality. The 30-day mortality may be as high as 8 % 
particularly for revascularizations that involve bilateral RAS 
or combined aortic reconstruction [ 28 ]. Clinical outcomes 
after open surgery vary and may depend on several factors 
including the indication for intervention and operative tech-
nique. Overall improved blood pressure control can be 
 demonstrated in more than 50 % of patients after surgical 
revascularization [ 39 ]. Nephrectomy has an extremely 
 limited role in the modern management of RAS given the 
 effectiveness of antihypertensive medications and the inter-
ventional treatment options. Rare cases warranting a nephre-
ctomy involve uncontrolled hypertension associated with 
poorly functioning, atrophic kidneys, and unreconstructable 
arteries.   

    Conclusion 

    Atherosclerotic disease affects all arteries and can cause 
stroke, bowel ischemia, hypertension, and renal failure. 
Preventing these potentially fatal consequences starts by rec-
ognizing the clinical presentation of carotid, mesenteric, and 
renal disease and confi rming the diagnosis with appropriate 
imaging studies. The rise of endovascular therapy has 
expanded interventional options and added complexity to 
the treatment decision-making process. This chapter has 
reviewed the important concepts of carotid, mesenteric, and 
renal artery disease to help clarify the management of these 
important clinical conditions.     
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           Abdominal Aortic Aneurysms 

       General Considerations 

 An    aneurysm is defi ned as any artery that dilates to 1.5–2 
times greater than the diameter of the adjacent normal artery. 
Since the abdominal aorta has a normal diameter of 2 cm, a 
dilation of 3.0 cm or more is considered an abdominal aortic 
aneurysm (AAA) [ 1 ]. The natural history of aortic aneu-
rysms usually involves progressive, clinically silent growth 
which ultimately leads to rupture, exsanguination, and death. 
Abdominal aortic aneurysms remain a signifi cant cause of 
mortality in our aging population: AAAs are the 15th leading 
cause of death overall and the 10th leading cause of death in 
men over age 55 [ 2 ]. Despite increased public awareness and 
screening efforts, more than half of patients who die of a 
ruptured AAA never knew they had an aneurysm. Ruptured 
aortic aneurysm mortality probably exceeds 80 % with an 
unknown number of patients dying before they reach the 
hospital [ 3 ]. Of those patients who arrive in the hospital alive 
with a ruptured AAA, fewer than 50 % survive and return to 
their original functional state. Preventing AAA-related 
deaths requires detecting aneurysms prior to rupture when 
they can be electively repaired with signifi cantly lower mor-
tality and morbidity. Early AAA detection efforts relying on 

symptoms or physical exam have proven to be ineffective. 
Few aneurysms generate symptoms prior to rupture, and the 
physical exam is a notoriously unreliable and insensitive 
method for diagnosing AAA [ 4 ]. 

 Several international studies demonstrated that ultrasound 
screening populations at risk for aneurysms signifi cantly 
reduced AAA-related mortality [ 5 ,  6 ]. Aneurysm screening 
in the United States started in 2006 with the SAAAVE Act 
which provides a single ultrasound screening for AAA to 
new male Medicare enrollees who have ever smoked or have 
a family history of AAA. This Medicare-based screening 
program does not provide screenings for women or for men 
beyond their 1-year “Introduction to Medicare” exam win-
dow. The exclusions involved in the SAAAVE have limited 
its ability to address the total US population at risk for AAA 
[ 7 ]. Nevertheless, ultrasound imaging of the aorta is almost 
universally available to all practitioners in the United States 
and provides an accurate method for detecting AAAs. As a 
minimally invasive and inexpensive test, aortic ultrasound 
has emerged as the preferred exam for AAA detection in 
patients at risk. Despite efforts to expand AAA screening in 
this country, most patients with AAAs are still detected as an 
incidental fi nding on imaging studies (CT, MRI, US) 
obtained to evaluate other pathology [ 8 ]. 

 The maximal transverse diameter of the aneurysm 
remains the standard measure of AAA size for the purpose 
of treatment decision making and for comparison over 
time. Modalities including ultrasound, CT scan, and MRI 
all provide accurate measurements of aneurysm diameter 
[ 9 ]. Aortography alone is a poor screening tool as it is an 
invasive and insensitive exam. In most aneurysms lami-
nated thrombus fi lls much of the aneurysm sac while 
blood passes through the fl ow lumen. The two- dimensional 
contrast images of aortography only show the blood fl ow 
lumen and do not demonstrate the full extent or true diam-
eter of the aneurysm sac (Fig.  21.1 ). If an arteriogram 
demonstrates an irregular pathway for aortic fl ow, addi-
tional imaging to evaluate for an aneurysm should be 
considered.
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       Pathophysiology 

 Although the precise cause of aneurysmal degeneration of 
the aortic wall remains uncertain, atherosclerosis, cellular 
infl ammation, and metalloproteinases have all been impli-
cated [ 10 ]. Men are clearly at a higher risk for AAA, with a 
ratio of approximately 4:1 compared to women [ 11 ]. Other 
risk factors include age over 60, history of smoking, hyper-
tension, emphysema, history of hernias, and family history. 
Family history is a particularly strong marker for patients 
who have a female fi rst-degree relative with an AAA [ 12 ]. 

 Developing an appropriate treatment plan for aneurysms 
requires a clear understanding of the difference between a 
true aneurysm and a pseudoaneurysm. Technically speaking, 
the number of vessel wall layers differentiates a true aneu-
rysm from a pseudoaneurysm. Although this defi nition is 
precise and useful for pathologists, it cannot be applied clini-
cally nor does it help in treatment planning. A more practical 
approach defi nes a true aneurysm as an abnormal expansion 
of the vessel due to defective structural proteins within the 
arterial wall. In contrast, a pseudoaneurysm occurs when a 
focal, transmural defect in the vessel wall allows extravasa-
tion of blood out of the artery and into the surrounding soft 
tissue where it is variably contained. Blood circulates into 
this “pulsatile hematoma” and back into the arterial lumen 
creating a characteristic “to-and-fro” fl ow pattern that is rec-
ognizable on color-fl ow ultrasound exam. Since pseudoan-
eurysms more accurately represent a contained rupture of the 
artery, they usually warrant swift intervention. The rate of 
expansion of pseudoaneurysms may be more rapid and less 
predictable than true aneurysms making treatment justifi ed 
at almost any size [ 13 ]. In the periphery pseudoaneurysms 
tend to result from a traumatic injury or iatrogenic puncture. 
In the abdominal aorta, pseudoaneurysms often resemble a 

mushroom and stalk in appearance and are sometimes 
described as “saccular” aneurysms. Aortic pseudoaneurysms 
are believed to result from a focal rupture of a penetrating 
atherosclerotic plaque. 

 Most AAAs develop in the infrarenal aorta leaving a short 
segment of normal aorta below the renal arteries. This nor-
mal aortic segment or “aortic neck” allows for either open or 
endovascular aneurysm repair without compromising fl ow to 
the renal arteries. Juxtarenal aneurysms abut the renal arter-
ies and lack a suitable infrarenal neck. Although surgery to 
repair juxtarenal aneurysms does not usually involve renal 
artery bypass or reconstruction, suprarenal clamping is 
required which increases the risk of postoperative renal dys-
function. Suprarenal aortic aneurysms require both suprare-
nal clamping and renal revascularization to achieve aneurysm 
repair and maintain renal blood fl ow. Repairing thoracoab-
dominal aortic aneurysms requires exposure in both the chest 
and abdomen and carries the highest risk of perioperative 
morbidity and mortality.  

    Perioperative Evaluation and Indications 
for Treatment 

 The risk of AAA rupture increases with the size of the aneu-
rysm. Aneurysms greater than 6 cm in diameter have a rupture 
risk of approximately 10 % per year and generally warrant 
repair unless a patient has prohibitive comorbidities or a short 
life expectancy due to other clinical conditions [ 14 ,  15 ]. The 
optimal management of smaller aneurysms 4–5.5 cm in diam-
eter has not been completely settled. Historically, patients with 
AAA greater than 5 cm were recommended for repair; how-
ever, several large prospective randomized trials suggest that 
patients with AAA less than 5.5 cm have a low risk of rupture 
and can be safely followed with surveillance imaging [ 16 ,  17 ]. 
Sound clinical judgment must be employed in each case as 
even small diameter aneurysms can rupture. For patients with 
a 5 cm AAA who have minimal cardiovascular risks and no 
evidence of malignancy, the aneurysm represents the single 
greatest threat to their life and continued well-being. Women 
and patients with COPD have a higher risk of rupture on a 
diameter-for-diameter basis and may warrant repair at a 
smaller AAA size. Likewise, patients with an AAA and symp-
toms of abdominal or back pain with no other obvious source 
are thought to have an increased risk of rupture and may 
require early repair. The morphology of a saccular aneurysm 
may predispose it to rupture and therefore warrant preemptive 
repair at a smaller diameter [ 18 ]. 

 Aneurysms grow at an average rate of approximately 
10 % per year. Aneurysms with a signifi cantly more rapid 
growth rate should be considered for repair even when they 
are still small in diameter [ 19 ]. Patients who are being fol-
lowed with surveillance imaging should stop smoking and 

  Fig. 21.1    Large abdominal aortic aneurysm. Notice how the majority of 
this aneurysm is fi lled with laminated thrombus. The fl ow lumen is only 
mildly dilated, and this aneurysm could be missed on angiography alone       
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aggressively control their blood pressure since smoking and 
hypertension are the only modifi able risk factors associated 
with aneurysm expansion and rupture [ 20 ]. 

 Patients with AAA should be evaluated for aneurysms in 
other anatomic locations. Popliteal artery aneurysms occur 
in more than 5 % of patients with AAA, particularly in 
elderly men [ 21 ]. If the popliteal pulse is generous on physi-
cal exam, an ultrasound can easily measure the popliteal 
artery diameter to determine if there is an aneurysm. Recent 
studies suggest that as many as 25 % of patients with AAA 
may have a concurrent thoracic aortic aneurysm [ 22 ]. 
Patients with a known AAA being evaluated with CT scan 
should have a comprehensive scan including the thoracic 
aorta, particularly women and elderly patients with AAA. 

 A high-quality CT angiogram should be performed in all 
patients with AAA who are being considered for treatment, 
unless they have a major contraindication. In patients with 
renal dysfunction, a non-contrast CT of the abdomen and 
pelvis with thin axial cuts (less than 1 mm) can provide valu-
able anatomic information. CT scanning is essential to deter-
mine whether an endovascular repair will be technically 
feasible, but CT scans also help plan open surgical repair. CT 
scan demonstrates the proximal extent of the aneurysm to 
insure that there is no extension above the renal arteries or a 
coexisting aneurysm involving the distal thoracic aorta or the 
visceral segment of the abdominal aorta. The celiac trunk 
and superior mesenteric artery (SMA) should be evaluated to 
exclude signifi cant mesenteric disease, since the inferior 
mesenteric artery (IMA) is typically sacrifi ced as part of the 
open surgical repair. The presence of severe stenosis or 
occlusion of the SMA with an enlarged IMA (“meandering 
mesenteric”) might necessitate reimplantation of the IMA 
into the body of the aortic graft at the time of open repair. 

 The CT scan can also detect other important abdominal 
pathology, like an undiagnosed malignancy. The major 
venous structures should be examined to identify anatomic 
variants such as a duplicated or left-sided inferior vena cava 
(IVC), retroaortic renal vein, or a renal venous “ring.” These 
venous anomalies can be the source of troublesome intraop-
erative bleeding during dissection and proximal aortic con-
trol if they are undetected preoperatively. 

 A CT scan which shows thick, contrast-enhancing soft 
tissue encompassing the anterior 270° of the aorta may indi-
cate an infl ammatory aneurysm which will be discussed in 
more detail below. Tissue resembling renal parenchyma on 
the anterior surface of the aorta may represent a horseshoe 
kidney. Additionally, the aorta should be evaluated for the 
presence of calcifi cation, particularly at the aortic bifurca-
tion and in the iliac vessels. The iliac vessels themselves 
should be inspected for the presence of atherosclerotic 
occlusive disease which could impede passage of an endo-
vascular stent graft or prohibit aortic reconstruction with a 
prosthetic tube graft. Approximately 10–20 % of patients 

with an infrarenal AAA have aneurysms involving the 
 common or internal iliac arteries. 

 Measuring the ankle-brachial index (ABI) provides objec-
tive, preoperative documentation of lower extremity arterial 
perfusion. If the ABI is signifi cantly abnormal, preoperative 
angiography should be considered to clarify the precise ana-
tomic location and severity of the occlusive lesions. The 
presence of severe aortoiliac occlusive disease often modi-
fi es the plan for surgical repair. Routine noninvasive evalua-
tion of the carotid arteries should also be considered in 
patients with associated cardiovascular risk factors [ 23 ]. 
Patients with undiagnosed severe internal carotid artery ste-
nosis pose a higher perioperative stroke risk for major open 
abdominal surgery [ 24 ]. 

 In addition to the standard cardiac and non-cardiac risks 
inherent in any major intracavitary procedure, patients with 
AAA should be aware of the complications specifi c to aneu-
rysm repair surgery. Potential complications of AAA surgery 
include distal embolization or thrombosis in the lower extrem-
ities, bowel ischemia, and acute kidney injury. In men, sexual 
dysfunction in the form of either erectile dysfunction or retro-
grade ejaculation can occur and appears to be related to the 
amount of dissection around the autonomic nerves which 
travel near the infrarenal aorta and left common iliac artery.  

    Open Surgical Repair 

 Open AAA repair may be performed through a longitudinal 
midline or mid-abdominal transverse incision. 
Retroperitoneal exposure using a left fl ank incision has also 
been used and may be favored in cases of hostile abdomen 
(previous complex abdominal surgery, stoma, etc.) and 
infl ammatory aneurysm (discussed below) and selected 
patients with severe COPD that are not candidates for an 
endovascular approach. Advantages of transabdominal expo-
sure are direct evaluation of all intra-abdominal viscera both 
before and after repair and more predictable access to the 
right iliac arteries if required. Table  21.1  compares the major 
advantages and drawbacks of transabdominal and retroperi-
toneal exposure of the abdominal aorta.

   To achieve transperitoneal exposure of the infrarenal 
aorta, the transverse colon is refl ected cephalad and the small 
bowel is retracted to the patient’s right. The retroperitoneal 
tissue is incised over the aneurysm, and the duodenum is 
mobilized off the aorta and to the patient’s right. The inferior 
mesenteric vein (IMV) runs parallel to the aorta on the left. 
Dissection continues superiorly on the anterior surface of the 
aorta to the level of the left renal vein; if the IMV compro-
mises exposure at that level, it can be divided. In most cases 
proximal control of normal caliber aorta is possible at the 
level of the left renal vein. If more proximal aortic exposure 
is necessary, the left renal vein can be divided toward its 
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 confl uence with the inferior vena cava, taking care to pre-
serve the adrenal and gonadal venous tributaries. 

 Distal vascular control is then achieved by isolating the 
common iliac arteries. If the iliac arteries are not involved 
with aneurysmal or occlusive disease, a tube graft repair of 
the AAA can be performed. Common iliac artery aneurysms 
require repair with an aortobi-iliac bypass which is usually 
anastomosed to the distal common iliac artery or iliac bifur-
cation. The presence of signifi cant iliac artery occlusive dis-
ease usually mandates an aortobifemoral bypass to avoid 
postoperative lower limb ischemia. This type of vascular 
reconstruction requires bilateral groin incision for exposure 
of the femoral arteries. 

 After suitable proximal and distal control of the vessels 
has been obtained, systemic heparin is administered prior to 
clamping. The aneurysm sac is then opened longitudinally 
and all thrombotic debris removed. Back bleeding from pat-
ent lumbar arteries and the IMA can be controlled by over-
sewing the vessel orifi ces from inside the aneurysm sac. If 
the IMA is large (particularly if there is known disease of the 
SMA) or has sluggish back bleeding, reimplantation of the 
IMA onto the body of the aortic graft using a Carrell patch 
should be considered to avoid postoperative colon ischemia. 

 The prosthetic graft used most often for AAA repair is a 
woven polyester textile (Dacron) graft, but polytetrafl uoro-
ethylene (PTFE) grafts are also available. Grafts are sewn in 
place with 3-0 or 4-0 nonabsorbable monofi lament sutures 
(usually polypropylene). When graft repair has been com-
pleted, the wall of the aneurysm is closed over the graft, and 
the remainder of the retroperitoneal tissue reapproximated 
over the aneurysm sac. Prior to wound closure, the viability 
of the abdominal viscera, particularly the left colon, should 
be inspected.  

    Infl ammatory Abdominal Aortic Aneurysms 

 The etiology of infl ammatory aneurysms remains uncertain. 
Patients tend to be younger and more frequently present 
with abdominal symptoms [ 25 ]. The liberal use of CT scan-

ning in modern practice increases the chances of detecting 
an infl ammatory AAA preoperatively. A CT showing a 
contrast- enhancing, thickened rind of infl ammatory tissue 
around the aneurysm suggests the possibility of an infl am-
matory AAA. Infl ammatory AAA may be associated with 
retroperitoneal fi brosis with involvement of the ureters and 
hydronephrosis [ 26 ]. Suspicion of an infl ammatory AAA 
based on preoperative imaging studies warrants an endovas-
cular repair if it is anatomically feasible. If open AAA repair 
is required, a retroperitoneal approach should be considered 
to avoid dissection in the infl ammatory tissue surrounding 
the anterior aorta. 

 The typical appearance of an infl ammatory aneurysm 
encountered during transperitoneal exploration is a pearly, 
milky-white, glistening surface along the entire anterior wall 
of the aneurysm. This is almost always associated with fi rm 
adherence of the duodenum to the aneurysm wall, and no 
attempt should be made to free the duodenum from this sur-
face. The infl ammatory process rarely extends above the 
body of the aneurysm, and it is often possible to gain proxi-
mal infrarenal aortic control. Alternatively, temporary supra-
renal or supraceliac aortic control can be used. The 
infl ammatory process frequently involves the common iliac 
arteries, so direct distal control of those vessels may not be 
possible. In this situation, control of the iliac arteries is 
achieved with intraluminal occlusion balloons placed after 
opening the aneurysm sac with a proximal clamp in place. 
Graft repair then continues from within the AAA lumen. 
Following open or endovascular repair of an infl ammatory 
AAA, the retroperitoneal fi brosis may spontaneously resolve 
[ 27 ]. Most aspects of infl ammatory AAA including its cause 
and resolution remain poorly understood. 

 A mycotic aneurysm of the abdominal aorta is not a true 
aneurysm but an infected pseudoaneurysm caused by sup-
purative autolysis of the aortic wall. These rare aneurysms 
represent a “contained” rupture and should be treated aggres-
sively at any size. Mycotic aneurysms can often be recog-
nized by their atypical morphology on CT scan, appearing as 
a focal, saccular outpouching along the course of an other-
wise disease-free aorta [ 28 ]. Suspicion for a mycotic aneu-
rysm should increase in young patients without other risk 
factors for aneurysm. Patients with mycotic aneurysms may 
report a prodrome of systemic symptoms (e.g., fever, mal-
aise, gastrointestinal symptoms) prior to presentation. The 
most common bacteria causing mycotic aortic aneurysms are 
 Salmonella  species and  Staphylococcus aureus . If gross 
purulence is encountered at the time of surgery, it is probably 
safest to oversew the aorta proximally and distally and 
debride as much involved aortic wall as possible. Limb 
revascularization is then provided by constructing an extra- 
anatomic axillobifemoral bypass    [ 29 ]. When gross purulence 
is not present, in situ aortic reconstruction may be consid-
ered. This can be performed with an antibiotic-soaked graft 

   Table 21.1    Advantages and drawbacks of transperitoneal vs. retro-
peritoneal exposure for open repair of abdominal aortic aneurysm   

 Transabdominal  Retroperitoneal 

 Advantages  Rapid exposure  Avoid hostile abdomen 
 Widest access  Better juxtarenal control 
 Intra-abdominal 
evaluation 

 Shorter ICU stay 

 Drawbacks  Longer ileus  Poor access to right side 
 Greater fl uid loss  Flank bulge and incisional pain 
 More pulmonary 
dysfunction 

 Longer open/close time 

 Higher cost  No intra-abdominal evaluation 
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(most often rifampin), a cryopreserved aortic homograft, or 
an autologous reconstruction using deep femoral veins har-
vested from the legs [ 30 ,  31 ]. In all cases of mycotic aortic 
aneurysm, long-term antibiotic treatment should continue 
postoperatively [ 28 ].  

    Primary Aortocaval Fistula 

 Rarely, brisk venous bleeding from the aortic wall is encoun-
tered after opening the aneurysm sac. This clinical scenario 
represents an aortocaval fi stula caused by chronic erosion of 
the AAA into the adjacent IVC [ 32 ]. No attempt should be 
made to dissect the aortic wall from the IVC as this will 
likely cause more bleeding. Instead, direct pressure proximal 
and distal to the fi stula can provide temporary hemostasis 
allowing the defect to be sutured closed from within the 
aneurysm sac. An aortocaval fi stula is almost always associ-
ated with a hyperdynamic cardiopulmonary status, so the 
anesthesiologist should be warned that preload will signifi -
cantly decrease when the fi stula is closed.  

    Ruptured Abdominal Aortic Aneurysms 

 Left untreated, a ruptured AAA is universally fatal. Emergent 
surgical or endovascular repair offers the only hope of sur-
vival. Most modern emergency facilities in the United States 
have rapid CT scanners capable of imaging the abdominal 
aorta within minutes. Even without intravenous contrast, a 
CT scan can diagnose a ruptured AAA and determine the 
options for repair (Fig.  21.2 ). In centers with appropriate per-
sonnel and equipment, endovascular repair of ruptured AAA 
has reduced mortality and morbidity [ 33 ]. Preparations for an 
open surgical repair should address several key logistical and 
technical issues. Blood and blood products (fresh- frozen 
plasma, platelets) should be readily available. Since patients 
with ruptured AAAs usually present with hypotension, resus-
citation efforts will have already begun in the emergency 
department. These efforts should be closely monitored with 
the goal having a responsive patient with a systolic pressure 
of 70–90 mmHg. Maintaining “permissive hypotension” until 
bleeding can be defi nitively controlled is more desirable than 
aggressive resuscitation which can lead hypertension, 
increased bleeding, and rapid deterioration of the patient [ 34 ].

   In the operating room, sterile skin preparation and drap-
ing should extend from the upper chest to the knees in cases 
where exposure and control of the thoracic aorta are required. 
Ideally, the patient should be prepped and draped prior to 
induction as muscle relaxation can release the retroperito-
neal tamponade causing sudden hypotension or cardiovascu-
lar collapse. Proximal control of the aorta is always the initial 
objective of surgery. In most cases the large retroperitoneal 

hematoma makes it impossible to directly control the infra-
renal aorta without causing a signifi cant venous injury, usu-
ally to the left renal vein. Initial proximal control should be 
achieved at the supraceliac aorta which can be exposed by 
incising the triangular ligament to retract the left lobe of the 
liver, dividing the gastrohepatic ligament, and dividing or 
separating the fi bers of the diaphragmatic crus directly over-
lying the aorta. It is helpful to have a nasogastric or orogas-
tric tube placed for easy identifi cation of the esophagus while 
dividing the fi bers of the crus of the diaphragm. 

 With a supraceliac aortic clamp in place, a more con-
trolled dissection can be carried down through the hematoma 
to identify and isolate the normal aortic segment proximal to 
the aneurysm. The aortic clamp can then be moved to this 
“aortic neck” to maintain hemostatic control while restoring 
perfusion to the viscera and kidneys. When infrarenal con-
trol has been established, full resuscitation can ensue. The 
aneurysm sac should be widely opened, and distal control of 
the iliac arteries can be initially achieved using intraluminal 
balloon occlusion catheters. If the retroperitoneal hematoma 
does not extend into the pelvis, direct dissection and control 
of the iliacs may be possible. Aortic reconstruction with a 
prosthetic tube graft is usually preferred if it is anatomically 
possible to decrease the duration of surgery. 

 Postoperatively patients require close monitoring in the 
intensive care unit, as the risks of abdominal compartment 
syndrome and colon ischemia are considerably higher than 
for elective AAA repair. If there is any concern at the com-
pletion of the procedure in terms of tightness of closure or 
elevation of peak airway pressures, consideration should be 

  Fig. 21.2    Classic image of a ruptured abdominal aortic aneurysm, 
which in this case can be seen even without the use of intravascular 
contrast. Note the lack of symmetry and obliteration of tissue planes in 
the retroperitoneum on the left. Although contrast is not necessary to 
diagnose an AAA rupture, it is helpful in determining the candidacy for 
and planning of endovascular repair       
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given to leaving the abdomen open. These cases are managed 
in a similar fashion to “damage control” surgery with tempo-
rary vacuum-assisted abdominal closure devices and delayed 
fascial closure when edema resolves [ 35 ]. If the abdomen is 
initially closed but the patient manifests symptoms of 
abdominal compartment syndrome postoperatively, bladder 
pressures can approximate intra-abdominal pressure [ 36 ]. 
Persistently high bladder pressures in a patient with elevated 
airway pressures, abdominal distention, diffi culty with venti-
lation, oliguria, or unexplained hypotension should warrant 
an immediate return to the operating room. Reopening the 
abdominal cavity to relieve the abdominal compartment syn-
drome can be lifesaving.  

    Conclusion 

 Abdominal aortic aneurysms remain a serious clinical prob-
lem in our aging population. Ultrasound screening of appro-
priately selected people at risk can signifi cantly reduce 
AAA-related mortality by detecting aneurysms early in their 
course. Endovascular therapy (discussed elsewhere) has 
emerged as a minimally invasive method of AAA repair 
which signifi cantly reduces morbidity and mortality com-
pared to open repair. Although endovascular surgery now 
accounts for 60–70 % of all AAA repairs, many patients will 
still require open surgery because of unsuitable anatomy or 
clinical circumstances. Surgeons managing these cases must 
have a working knowledge of the anatomy, techniques for 
aortic control, and vascular reconstructive alternatives to 
successfully repair an abdominal aortic aneurysm.   

    Aortic Dissection 

    Introduction 

 Acute aortic dissection is a relatively common condition 
affecting the thoracic or abdominal aorta that carries a high 
mortality rate if left untreated. A dissection involves an 
abnormal blood fl ow which separates the layers of the vessel 
wall. A focal intimal tear or injury usually triggers a dissec-
tion by allowing blood fl ow to gain entry and track between 
the muscular layers of the aortic wall. The extent and clinical 
severity of a dissection depend on multiple factors including 
location and size of the intimal injury, systemic blood pres-
sure, and preexisting vascular disease. 

 The term “dissecting aneurysm” is often the source of 
considerable confusion and is thus worth addressing. 
Although a dissection and an aneurysm can occasionally 
occur in the same patient, it is important to note that they 
are two completely different clinical entities. The use of 
this misnomer is probably related to the association 

between chronic dissection and an increased incidence of 
aneurysm formation over time. This section will review 
the classifi cation, epidemiology, physiology, clinical pre-
sentation, diagnosis, and treatment of acute aortic dissec-
tion, with a focus on care of these patients from the general 
surgeon’s perspective.  

    Classifi cation 

 The anatomic location of an acute aortic dissection usually 
determines its treatment pathway. The Stanford model has 
emerged as the simplest and most widely used classifi cation 
system for aortic dissections (Fig.  21.1 ). A Stanford type A 
dissection is any dissection involving the ascending aorta, 
whereas Stanford type B encompasses all dissections which 
do not involve the ascending aorta. The distinction between 
Stanford type A and B dissections is of critical importance as 
the prognosis and management algorithms differ. The 
DeBakey model offers a slightly more detailed classifi cation 
system (Fig.  21.3 ).

       Epidemiology 

 The incidence of acute aortic dissection in the United States 
ranges from 2.9 to 3.5 per 100,000 person years. Risk factors 
for developing an aortic dissection include advanced age, 
hypertension, and smoking. Men are more frequently 
affected, with a male-to-female ratio of 4:1. Type A dissec-
tions occur nearly twice as often as type B dissections 
(62.5 % versus 37.5 %). Other risk factors for dissection 
include aortic wall structural abnormalities, the presence of a 
bicuspid aortic valve, and cocaine abuse. Congenital condi-
tions such as coarctation of the aorta, annuloaortic ectasia, 
aortic arch hypoplasia, and hereditary collagen vascular con-
ditions (Marfan syndrome and Ehlers-Danlos syndrome) 
have also been implicated. Marfan syndrome accounts for 
50 % of cases of acute aortic dissection in patients younger 
than 40 years. Pregnancy is also a well-known risk factor for 
aortic dissection and may be related to the severe hyperten-
sion that occurs in women with preeclampsia.  

    Pathophysiology 

 A dissection can occur in any artery and is almost always 
related to an intimal injury or tear which acts as an entry 
point to the space between the layers of the arterial wall. 
Systemic arterial pressure drives blood fl ow between the 
arterial muscle layers causing the dissection to propagate. 
The extent and severity of the dissection depend on the size 
of the intimal tear, systemic arterial pressure, proximity to 
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branch points, and the development of reentry pathways. The 
dissection plane is referred to as the “false lumen” to differ-
entiate it from the normal pathway for blood fl ow or “true 
lumen.” In type B dissections, the intimal tear most com-
monly occurs at the level of the left subclavian artery because 
it is exposed to the greatest pressure fl uctuations and shear 
stress. The dissection plane usually extends distally along 
the left posterolateral aspect of the aorta with the celiac, 
superior mesenteric, and right renal arteries being perfused 
by the true lumen, while the left renal artery arises from the 
false lumen. Although this is the most common fl ow pattern, 
any combination of visceral artery involvement is possible. 

 In type A dissection, the dissection fl ap starts in the 
ascending aorta and may propagate retrograde. Mortality in 
type A dissection typically involves one of four possible 
mechanisms: (1) The dissection fl ap may propagate into the 
coronary arteries, causing fl ow compromise and acute 
 myocardial infarction. (2) The dissection fl ap may result in 
expansion of the pericardial sac causing cardiac tamponade. 
(3) The dissection may disrupt the valve apparatus causing 
severe aortic insuffi ciency. (4) The dissection may extend 
into the carotid arteries resulting in acute stroke. 

 Aortic branch compromise causing malperfusion repre-
sents a severe and potentially fatal complication of all types 
of acute aortic dissection. Any branch of the aorta may be 
affected, and the overall incidence of aortic branch compro-
mise is 31 %. Propagation of the dissection into or adjacent 
to the ostium of a branch causes fl ow-limiting stenosis or 
complete branch occlusion depending on the local hemody-
namics. The severity of malperfusion depends on the degree 
of branch compromise as well as the anatomic location and 
presence or absence of collateral blood fl ow.  

    Clinical Presentation 

 Approximately 93 % of patients with acute aortic dissection 
present with back, abdomen, or chest pain. Most patients 
describe the abrupt onset of a ripping or tearing sensation so 
severe that it prompts them to seek urgent treatment. About 
5–10 % of patients present with syncope. Other acute clinical 
symptoms may represent manifestations of malperfusion related 
to branch vessel compromise. Abdominal pain out of proportion 
to the exam suggests possible mesenteric ischemia, while 
 unilateral fl ank pain can indicate renal compromise. Upper 
extremity symptoms, such as pain, weakness, or paresthesias, 
can result from subclavian artery involvement, while lower 
extremity symptoms indicate compromise of the common iliac, 
external iliac, or common femoral arteries. Neurologic symp-
toms can result from cerebrovascular involvement or spinal cord 
ischemia which occurs in 2–10 % of patients. 

 Severe hypertension is the most consistent physical fi nd-
ing in patients presenting with acute aortic dissection. It is 
important to measure blood pressure in both upper extremi-
ties as dissection involving a subclavian artery can falsely 
depress the pressure in that arm. A comprehensive pulse and 
neurologic exam of the extremities helps evaluate for fre-
quently encountered peripheral vascular complications trig-
gered by the dissection.  

    Diagnostic Evaluation 

 CT angiography has emerged as the gold standard diagnostic 
imaging exam for acute aortic dissection with a sensitivity of 
83–95 % and a specifi city of 87–100 %. In addition to being 

  Fig. 21.3    Classifi cation system 
for thoracic aortic dissection       
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extremely accurate, a CT of the thorax, abdomen, and pelvis 
defi nes the full extent of the dissection and determines the 
involvement of any branch vessels. 

 Other diagnostic imaging modalities can play adjunctive 
roles in the diagnosis of acute aortic dissection. A plain chest 
x-ray obtained in the emergency department can demonstrate 
nonspecifi c fi ndings consistent with an aortic dissection 
including cardiac or aortic silhouette, displacement of aortic 
calcifi cations, and pleural effusions. Although a transtho-
racic echocardiogram can be useful in the diagnosis of type 
A aortic dissection, a transesophageal echocardiogram 
(TEE) provides a more detailed examination of the ascend-
ing aorta. A TEE can demonstrate the site of the intimal tear 
and provide information regarding fl ow dynamics in the true 
and false lumens. TEE is the standard of care for patients 
with a type A dissection who are being prepared for surgical 
repair. MRI is probably equivalent to CTA in terms of imag-
ing quality; however, its limitations include lack of immedi-
ate availability and long examination times.  

    Treatment 

 Acute aortic dissection is a life-threatening condition that 
demands swift diagnosis and prompt treatment. Patients pre-
senting to the emergency department with suspected acute 
aortic dissection should have a CT angiogram to establish 
the defi nitive diagnosis. Classifying the dissection as 
Stanford type A or B is the fi rst branch point in the treatment 
algorithm. Patients with type A dissections require urgent 
surgical repair which will be briefl y discussed in the next 
section. Patients with type B dissections should be evaluated 
for the presence of malperfusion with a thorough physical 
exam and review of imaging and lab results. Evidence of 
ischemia affecting the viscera, kidneys, or extremities war-
rants immediate surgical or endovascular intervention to 
treat the dissection or bypass the occluded branch vessel. 
Fortunately, most patients with acute type B dissections do 
not have any signs of malperfusion and require aggressive 
medical therapy to quickly control their hypertension. 

 Medical management of hypertension begins by estab-
lishing two large-bore IVs to begin intravenous infusion of 
antihypertensive agents. Heart rate control is also important 
because a reduced heart rate generates less shear stress and 
may minimize the propagation of the dissection. An inten-
sive care unit (ICU) is usually the most appropriate setting 
for patients being treated for aortic dissection. Beta-blockers 
in combination with vasodilators as needed are the fi rst-line 
agents used to achieve a goal of less than 120 mmHg for 
systolic blood pressure with a heart rate of less than 65 beats 
per minute. Sodium nitroprusside is a quick and effective 
antihypertensive and should be employed if beta-blockers fail 
to achieve adequate heart rate and blood pressure control. 

ICU care should include serial neurovascular exams and 
monitoring urine output. Once patients with type B dissec-
tions are hemodynamically stable with no evidence of end 
organ compromise, they should be followed regularly with 
imaging surveillance. The fi rst follow-up CT scan should be 
obtained prior to discharge from the hospital to ensure that 
the dissection has not propagated. Following discharge, 
another CT scan at 3 months and then at 6-month intervals is 
recommended.  

    Operative Treatment of Aortic Dissection 

    Open Surgical Treatment 
 Acute dissection of the ascending thoracic aortic is an imme-
diately life-threatening condition that requires emergent sur-
gical repair. Left untreated, a type A dissection has a high 
early mortality rate that increases 2–3 % per hour. Cardiac 
surgeons usually repair type A dissections by resecting the 
aortic tear and replacing the ascending aorta with a pros-
thetic graft. The procedure usually requires hypothermic cir-
culatory and may also require aortic valve replacement and 
reimplantation of the coronary arteries. 

 Surgical management of an acute type B aortic dissection 
differs from a type A dissection in terms of indications for 
surgery and urgency of repair. As discussed earlier, the fi rst- 
line therapy for an acute type B dissection involves medical 
therapy to lower the blood pressure and reduce the heart rate. 
Indications for surgery include aortic rupture, end organ 
ischemia, or persistent pain despite adequate blood pressure 
control. In the modern era, open surgery for type B dissec-
tion is rarely performed and usually reserved for cases in 
which endovascular therapy fails or is not available. Surgical 
intervention involves a thoracotomy, proximal and distal 
control of the aorta, and replacement of the descending aorta 
with a prosthetic graft.  

    Endovascular Treatment 
 Endovascular therapy revolutionized the surgical manage-
ment of acute descending thoracic aortic dissections. 
Intraluminal coverage of the intimal tear with an aortic endo-
graft allows depressurization of the dissection plane and 
eventual thrombosis of the false lumen. The aortic endograft 
can be inserted remotely through the common femoral artery 
which is surgically exposed or percutaneously accessed. As 
a minimally invasive technique that does not require a thora-
cotomy or aortic clamping, endovascular therapy signifi -
cantly reduces perioperative morbidity and mortality 
compared to open surgery. Commercially available aortic 
endografts have been approved for the treatment of patients 
with type B dissections who have an indication for surgery. 

 Some vascular specialists advocate endovascular repair 
for all patients with acute type B dissections regardless of 
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symptoms or response to medical therapy. Preemptive place-
ment of an endograft could theoretically prevent future com-
plications and degeneration of the dissection into an 
aneurysm. Although this aggressive, interventional approach 
has intuitive appeal, clinical studies have not shown a benefi t 
for endovascular repair over medical management for 
patients with uncomplicated type B aortic dissections. 
Current guidelines recommend endovascular therapy only 
for patients with type B dissections who have an indication 
for surgery as detailed in the previous section. 

 Although endovascular therapy for aortic dissections is 
safer than open surgery, complications can still occur. Spinal 
cord ischemia resulting in weakness or permanent paralysis 
is an uncommon but devastating complication that can occur 
despite a technically successful endovascular repair. Blood 
fl ow to the spinal cord involves the vertebral, intercostal, 
lumbar, and internal iliac arteries, and any interruption of 
this segmental blood supply can lead to spinal cord ischemia. 
Covering a long length of thoracic aorta with a stent graft 
increases the risk of spinal cord ischemia by occluding inter-
costals arteries. Likewise, patients who have had a previous 
aortic aneurysm repair may have lost perfusion to several 
lumbar arteries and one or both internal iliac arteries making 
them more prone to spinal cord ischemia. In some cases the 
stent graft intentionally covers the origin of the left subcla-
vian artery in order to seal the proximal intimal tear. Loss of 
antegrade fl ow through the left subclavian and left vertebral 
arteries detracts from segmental spinal cord perfusion and 
could increase the risk for spinal cord ischemia. Depending 
on the clinical scenario, a carotid-subclavian bypass may be 
appropriate to maintain perfusion to the left subclavian and 
left vertebral arteries in patients who require proximal place-
ment of the stent graft. Other measures to reduce the risk of 
spinal cord ischemia include placing a lumbar drain and 
maintaining an adequate blood pressure. Spinal cord perfu-
sion can be calculated by subtracting the cerebrospinal pres-
sure from the mean arterial pressure. By allowing controlled 
drainage of cerebrospinal fl uid, a lumbar drain can maintain 
a low cerebrospinal pressure and augment spinal cord perfu-
sion. Efforts to maintain adequate mean arterial pressure 
with intravascular volume and vasopressors as necessary will 
also help maintain spinal cord perfusion. 

 Malperfusion syndrome associated with acute aortic dis-
section usually requires adjunctive procedures to restore per-
fusion to the compromised branch. Surgical bypasses route 
blood fl ow around the occluded branch orifi ce and can 
restore perfusion to the carotid, subclavian, common femo-
ral, mesenteric, or renal arteries. In some cases, endovascular 
interventions can also restore fl ow to critical aortic branches. 
These advanced endovascular techniques involve manipulat-
ing wires, balloons, and stents to create and maintain a fen-
estration through the dissection fl ap and into the affected 
branch vessel.   

    Outcomes 

 The high mortality after open surgery for type B aortic dis-
section (ranging from 6 to 67 %) refl ects the magnitude of 
surgery and the fact that most procedures are performed 
under emergency circumstances [ 37 ]. After aortic stent 
grafts became widely available, multiple case series reported 
lower mortality rates after endovascular repair of aortic dis-
section. The EuroSTAR (European Collaborators on Stent/
Graft Techniques for Aortic Aneurysm Repair) registry 
accumulated a large data set on 131 patients with aortic dis-
section who were treated with stent grafts. Primary technical 
success was achieved in 89 % with a 30-day mortality of 
8.4 %, a postoperative paraplegia rate of 0.8 %, and a 1-year 
survival rate of 90 % [ 38 ]. Although these results are promis-
ing, an accurate evaluation of the durability and overall value 
of endovascular therapy for aortic dissection requires larger 
studies with longer follow-up.  

    Natural History and Follow-up 

 The most common late complication of aortic dissection is 
aneurysmal degeneration. An estimated 25–40 % of patients 
who survive an acute aortic dissection develop aneurysmal 
dilation of the affected segment despite adequate medical man-
agement. Long-term follow-up should include a CT scan every 
3–6 months for the fi rst 2 years after the initial diagnosis. If the 
involved segment of aorta is relatively stable after 2 years, sur-
veillance imaging can be performed less frequently.  

    Conclusion 

 Acute dissection represents a common but treatable condition 
that can affect any segment of the aorta. Successful manage-
ment of acute aortic dissection begins with clinical acumen to 
suspect the diagnosis and confi rmatory imaging to classify the 
dissection as involving the ascending or descending thoracic 
aorta. Ascending aortic dissections always require immediate 
surgical repair performed by cardiac surgery. In contrast, the 
treatment of dissections involving the descending thoracic 
aorta varies according to the symptoms and arterial fl ow pat-
terns. Uncomplicated dissections which maintain perfusion to 
the aortic branches call for medical therapy to control blood 
pressure followed by surveillance imaging. Malperfusion 
caused by compromised blood fl ow to the bowel, kidneys, or 
extremities warrants emergent surgical or endovascular inter-
vention to restore perfusion. Chronic dissections that become 
aneurysmal may require elective intervention to halt the 
growth of the aneurysm and prevent rupture. Endovascular 
therapy appears to be an effective and safer alternative to open 
surgical repair for thoracic aortic dissections.   
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    Traumatic Aortic Injuries: Endovascular 
Repair 

    Introduction 

 Since its fi rst description in 1997, endovascular repair has 
emerged as the treatment of choice for traumatic aortic injury 
(TAI) [ 39 ]. In 2007 approximately 65 % of trauma centers 
performed endovascular repair for patients with TAI com-
pared with none just 10 years earlier [ 40 ]. The minimally 
invasive nature and ability of endovascular therapy to 
improve clinical outcomes has been the driving force behind 
its rapid rise in popularity. Prospective multicenter reviews 
and meta-analyses reported signifi cantly reduced mortality 
rates for patients with TAI undergoing an endovascular repair 
compared to traditional open surgery [ 41 – 43 ]. Although 
overall mortality for all TAI repairs (excluding patients pre-
senting in extremis) decreased from 22 to 13 %, mortality in 
the endovascular treatment group dropped even lower to 
7.2 %. Endovascular repair had a more profound impact on 
the complication of spinal cord ischemia decreasing the rate 
of paraplegia by a factor of 10 from 8.7 to 0.8 % [ 40 ]. 

 Early in its development, endovascular repair for TAI 
involved the use of stent grafts which were designed for 
treating thoracic aneurysms and dissections in large athero-
sclerotic aortas. Applying these devices to the normal, small- 
caliber aortas typically encountered in young trauma patients 
created technical problems related to excessive oversizing 
and infl exibility of the graft. Despite reducing mortality and 
paraplegia rates, endovascular therapy had a disconcertingly 
high rate of graft-related failure during the early experience 
[ 42 ]. While endoleaks caused most endovascular treatment 
failures (approximately 15 % of cases), stent graft collapse, 
often requiring explantation, was also regularly reported [ 42 , 
 44 ]. Endovascular technology continues to evolve as demon-
strated by the current generation of stent grafts which come 
in a wide range of diameters and are designed to conform to 
the acute angulation at the aortic arch in young patients.  

    Initial Evaluation and Imaging 

 Approximately 85 % of patients who sustain a TAI die at the 
scene of injury. If TAI is not immediately fatal, bleeding from 
the aorta is contained by the vessel wall and mediastinum 
allowing some patients to survive to reach the hospital. 
Although these patients have temporary hemostasis with 
regard to their aortic injury, the majority will die within 
24–48 h in the absence of treatment [ 45 ]. Motor vehicle 
crashes cause most cases of TAI; however, any trauma involv-
ing sudden deceleration of the chest, such as a pedestrian 
struck or a fall from height, can result in a similar injury [ 46 ]. 

The magnitude of energy necessary to infl ict a TAI often 
results in concomitant, potentially fatal injuries of the head, 
abdomen, and musculoskeletal system. Contrary to popular 
belief, hypotension in patients with TAI who survive to reach 
the hospital is almost always caused by these associated inju-
ries, not the aortic injury. One of the principles for managing 
multiply injured patients with TAI is to promptly treat which-
ever injury poses the most immediate threat to life. Following 
this guideline may involve giving priority to surgery for head, 
abdominal, or orthopedic injuries while delaying intervention 
for the relatively stable TAI. Often TAI occurs in association 
with a pulmonary contusion which limits the ability to venti-
late a patient on one lung, further complicating potential open 
repair of the aortic injury. 

 Modern rapid CT scanners now available in most emer-
gency departments have allowed CT angiography (CTA) to 
replace catheter-directed angiography as the screening 
exam of choice for TAI. In contrast to catheter-directed 
angiography, CTA is a noninvasive, readily available exam 
that does not require calling in a specialized clinical team. 
CTA proves to be more sensitive than catheter-based angi-
ography and has the advantage of evaluating for other coex-
isting injuries [ 47 ]. Other imaging modalities include MRI, 
intravascular ultrasonography, and transesophageal echo-
cardiography. The latter two modalities can be particularly 
useful in cases where the mechanism of injury or the chest 
radiograph raises the suspicion of a TAI, but the patient 
requires immediate transfer to the operating room for sur-
gery to address other life- threatening injuries before a chest 
CTA can be completed.  

    Timing of Treatment 

 Consensus opinion on the time course for treating TAI has 
changed over the past 40 years. Clinical observations pro-
vide strong support for the notion that patients who present 
with a stable, contained TAI can be managed medically in 
the short term to allow treatment of other life-threatening 
injuries [ 46 ,  48 ,  49 ]. Medical treatment involves both inotro-
pic and blood pressure control to reduce aortic wall stress 
until the TAI can be defi nitively repaired. This treatment 
strategy can create a dilemma in patients with traumatic 
brain injury in whom elevation of the systemic blood pres-
sure is required to improve cerebral perfusion. These patients 
are ideal candidates for prompt endovascular repair of the 
TAI. Once the endovascular stent graft is placed, arterial 
blood pressure control can be liberalized to allow treatment 
of other injuries including optimizing cerebral perfusion. 
Endovascular therapy also offers an expeditious, minimally 
invasive treatment for patients with numerous coexisting 
injuries and for frail and elderly patients who present a pro-
hibitively high risk for open surgical repair.  
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    Minimal Aortic Injury 

 A patient with TAI and a CT scan showing a large aortic wall 
defect, pseudoaneurysm, and/or mediastinal blood clearly 
requires defi nitive repair usually in the form of an endovas-
cular stent graft. Improved image resolution now allows 
CTA to identify more subtle lesion and irregularities of the 
thoracic aorta. The defi nition and optimal treatment for these 
so-called minimal aortic injuries remains unclear. One clas-
sifi cation scheme defi nes a type I injury as an intimal defect, 
type II as a hematoma, type III as an aortic pseudoaneurysm, 
and type IV as rupture of the aorta (Fig.  21.4 ). Most vascular 
specialists would follow type I lesions with surveillance 
imaging and repair type II through IV lesions. Patients with 
small pseudoaneurysms (1 or 2 mm diameter), and no asso-
ciated hematoma may have a minimal aortic injury that does 
not require repair. Although reports suggest that up to 50 % 
of minimal aortic injuries develop into pseudoaneurysms 
within 8 weeks of injury, it remains unclear whether endo-
vascular repair is indicated given the potential long-term 
complications of the stent graft, particularly among young 
trauma victims [ 50 ].

   The location of small aortic pseudoaneurysms (1–2 mm 
in diameter) and the associated aortic anatomy may help 
guide treatment decisions. Favorable anatomy for placing 
a stent graft usually predicts a successful and durable 

 outcome after endovascular repair. In contrast, attempting to 
place a stent for lesions in proximity to an angulated aortic 
arch with a short proximal landing zone often results in 
device failure [ 44 ]. If the anatomy appears unfavorable for 
endovascular repair, these small lesions may be followed 
with serial imaging and considered for open repair only if 
they enlarge over time.  

    Preoperative Planning 

 Preoperative planning for endovascular TAI repair starts by 
assessing the nature and severity of coexisting injuries. It is 
particularly important to identify intracranial or intra- 
abdominal bleeding which could be exacerbated by the use 
of anticoagulation during endovascular repair. Elevated 
intracranial pressure in patients with brain injuries may ren-
der them intolerant of the supine position. Although it is fea-
sible to elevate the patient’s upper body and still successfully 
perform an endovascular repair, it requires foresight to secure 
a fl exible table that allows fl uoroscopic imaging. Thoracic 
endovascular procedures performed with a patient’s upper 
body elevated can be complicated by strokes due to air 
emboli. In this situation, meticulous measures must be fol-
lowed to avoid introduction of air during angiographic imag-
ing and stent graft deployment. 

Intima

Intimal tear

Media

Adventitia

Grade I Grade II

Grade III Grade IV

Intramural
hematoma

Pseudoaneurysm

Rupture

  Fig. 21.4    Classifi cation system for traumatic aortic injury (Adapted from Azizzadeh et al. [ 55 ])       
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 Vascular access for endograft placement usually involves 
the common femoral arteries. One femoral artery is surgi-
cally exposed to introduce the stent graft, while the contralat-
eral femoral artery is accessed percutaneously to advance a 
diagnostic catheter. A direct local injury or groin hematoma 
from a pelvic or femur fracture may compromise femoral 
artery access and require percutaneous access to the left bra-
chial artery. Introducing a catheter from this location has the 
advantage of acting as a constant fl uoroscopic marker for the 
origin of the left subclavian artery. 

 Choosing an appropriately sized endograft requires care-
ful review of the preoperative CTA. The diameter of the nor-
mal aorta just proximal and just distal to the injury determines 
the diameter of the stent graft. The longitudinal distance 
between the proximal and distal “landing zones” estimates 
the total aortic treatment length. Although composite recon-
structions can give a sense as to the landing zone length and 
degree of angulation, these images often oversimplify the 
anatomy. Final decisions regarding the length of the stent 
graft and the requirement for more than one stent graft often 
have to be made at the time of intraoperative angiography. 
Additionally, the surgeon should be aware that a CT scan 
obtained during relative hypotension can underestimate the 
true diameter of thoracic aorta and access vessels [ 51 ]. 

 Stent graft placement should also take the vertebral artery 
anatomy into consideration. Achieving an adequate proximal 
seal may require covering the origin of the left subclavian artery 
with the stent graft to lengthen the proximal landing zone. 
Patients with a dominant left vertebral artery are at risk 
for cerebrovascular ischemia if an aortic stent graft sud-
denly interrupts antegrade fl ow through the left subcla-
vian artery. A left carotid-subclavian artery bypass 
performed before placing the endograft can decrease the 
risk of this complication.  

    Operative Approach 

 General anesthesia for endovascular TAI repair optimizes the 
quality of intraoperative imaging by minimizing patient 
movement and providing the ability to suspend respirations 
at critical times during graft placement. A lumbar drain to 
decrease the risk of spinal cord ischemia is not routinely 
used. Most TAI pose a low risk for postoperative paralysis 
because they are relatively focal injuries that require a lim-
ited length of endograft coverage and rarely affect the distal 
thoracic aorta. 

 After obtaining vascular access, a diagnostic catheter 
with radiopaque markers is advanced into the proximal 
 aortic arch to perform an arch aortogram. The initial aorto-
gram maps the location of the injury and its proximity to 
the left subclavian artery so that a proximal landing site can 
be chosen. Before committing to an endovascular repair, 

the aortogram should be carefully reviewed to evaluate the 
angulation of the aorta particularly where the proximal 
most portion of the endograft will lie. In some cases it may 
be necessary to accept a shorter landing zone instead of 
extending the endograft into the horizontal portion of the 
aortic arch. Placing a stent graft with its leading edge 
extending beyond the curve of the aorta results in a “bird-
beak” effect (Fig.  21.5 ). The hemodynamic forces imposed 
on the “bird-beak” portion of the endograft can lead to cata-
strophic complications including fatal stent graft collapse 
[ 52 ]. Patients with a combination of a severely angled aor-
tic arch and a short proximal landing zone should be 
strongly considered for primary open repair if they have a 
reasonably low risk for surgery.

   Regardless of the aortic pathology, an endovascular stent 
graft placed in a short landing zone has a higher risk of 
device-associated failure. A shorter landing zone may be 
acceptable in TAI because the rest of the aorta is normal and 
the stent graft only needs to cover the focal injury to allow it 
to heal. Thoracic aortic aneurysms present a greater techni-
cal challenge since they require the endograft to establish a 
permanent seal to the aorta which is often diffusely enlarged. 
Although aortography with a marker catheter is accurate for 
length measurements, it is an unreliable way of determining 
aortic diameter. The diameter of the stent graft should be 
based on diameter measurements from the CT scan. 
Intravascular ultrasound performed at the time of surgery can 
also be used to measure or confi rm the aortic diameter. 

  Fig. 21.5    Classic “bird-beak” appearance when endograft extends into the 
horizontal portion of the aortic arch resulting from incomplete apposition 
of the proximal portion of the endograft to the lesser curvature of the aorta. 
When severe, this lack of apposition can lead to device collapse       
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 As noted above, the access vessel of choice is usually the 
common femoral artery. Although young trauma patients 
often have small-caliber femoral arteries, they are usually 
free of disease and elastic allowing insertion of the large 
stent graft delivery sheath. Fortunately, advances in endo-
vascular technology have reduced the size of thoracic endo-
graft introduction systems. Some devices (e.g., the Gore 
TAG stent graft) can be advanced into position without a 
sheath provided the patient has relatively straight, disease-
free vessels. 

 During the initial phases of vascular access, the wire can 
unintentionally enter the area of injury or coil in the aortic 
pseudoaneurysm instead of advancing into the proximal aor-
tic arch. To avoid this obstacle, the pigtail catheter should be 
formed in the distal thoracic aorta and advanced in coiled 
confi guration across the area of injury. Extra stiff wires that 
are typically used for endovascular aneurysms may be too 
stiff to negotiate the tight aortic arch angulation of a young 
patient. We have found the Amplatz wire is a reasonable 
compromise between stiffness and fl exibility [ 53 ]. 

 Thoracic aortic endografting usually warrants intraopera-
tive systemic anticoagulation with heparin. In patients with 
serious head injuries or solid organ bleeding, it may be rea-
sonable to forego anticoagulation. Ideally these patients 
would have straightforward aortic anatomy which allows for 
a short procedure time. If systemic anticoagulation is not 
used, the sheaths and the access vessels should be liberally 
fl ushed with heparinized saline solution to reduce the risk of 
local thrombosis. 

 Potential complications of left subclavian artery cover-
age during endograft treatment include left upper extrem-
ity ischemia and stroke, particularly if the left vertebral 
artery is dominant. In practice, most patients with TAI do 
not require complete coverage of the left subclavian artery 
to achieve a successful endovascular repair. In our experi-
ence, only 21 % of patients undergoing endovascular TAI 
repair required partial or complete left subclavian artery 
coverage, and there were no complications associated with 
coverage [ 44 ]. 

 In young patients the aorta often has hyperdynamic arte-
rial pulsations which can alter the position of the stent graft 
as it is deployed. When endograft placement requires preci-
sion measured in millimeters, there are times when tempo-
rary cessation of cardiac pulsations is desirable. Temporary 
cardiac arrest to facilitate stent graft placement was felt to be 
necessary in approximately half the cases using older 
devices. Rapid ventricular pacing or adenosine can be used 
to create temporary asystole. Administering an 18 mg dose 
of adenosine usually achieves a temporary arrest lasting sev-
eral seconds. 

 After positioning and deploying the stent graft, a comple-
tion aortogram should be performed to confi rm the patency 
of the arch vessels and verify the exclusion of the aortic 

injury or pseudoaneurysm. Balloon dilatation is generally 
not performed unless an endoleak is present which could be 
resolved by device dilation. 

 Following successful endovascular TAI repair, follow-
up CT angiography is generally performed within a week 
of surgery and before the patient’s hospital discharge. 
Patients return for a follow-up visit within 2 weeks after 
discharge for evaluation of the groin incision and to estab-
lish a point of contact for future visits. Follow-up CT angi-
ography and frontal and lateral chest radiographs are 
obtained at 6 months and then yearly thereafter. Because 
of concerns about radiation exposure from CT scans in 
young patients, intervals between visits are extended to 
more than 1 year in cases where the stent graft appears to 
be stable [ 54 ].  

    Available Thoracic Endovascular Stent Grafts 

 The only thoracic devices approved for treatment of TAI 
are the Conformable TAG (CTAG) device manufactured 
by Gore and the Medtronic Valiant Thoracic Stent Graft 
with the Captivia delivery system   . The Zenith TX2 device 
has been approved for treatment of thoracic aortic aneu-
rysms but does not have clearance for treatment of 
TAI. The stent grafts are now available in a wide range of 
diameters and lengths, including tapered confi gurations. 
In contrast to the early stent grafts, these devices have 
been designed to conform to angulated aortic arches and 
resist device collapse.  

    Conclusion 

 Endovascular therapy has revolutionized the treatment of 
traumatic aortic injury. Both retrospective and prospective 
studies clearly demonstrate that endovascular therapy for 
TAI reduces the mortality and paraplegia rate compared to 
open surgical repair. Although the success of stent grafts 
must be tempered by reports of technical complications and 
graft collapse, endovascular therapy shows no sign of reced-
ing. Redesigned stent grafts now available promise to expand 
the treatment indications and dramatically reduce the rate of 
device failure. The most signifi cant unresolved issue regard-
ing endovascular repair involves the long-term durability and 
natural history of stent grafts placed in young patients. 
Regular follow-up is recommended; however, this can be dif-
fi cult in the population of trauma patients who are more 
mobile and do not typically seek extended medical care after 
recovering from their injuries. Over the next several decades, 
follow-up studies are necessary to detect long-term compli-
cations of stent grafts and quantify the radiation exposure 
incurred by imaging surveillance.      
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           Hypercoagulable Disorders 

       Introduction 

 He   mostatic disorders increase the risk of perioperative and 
intraoperative complications. For patients with hypercoagu-
lable states, the risk of venous thromboembolic (VTE) com-
plications depends on the specifi c abnormality as well as the 
presence of additional stressors such as surgical intervention 
and immobilization. Table  22.1  shows the risk of the fi rst 
VTE episode associated with various hypercoagulable 
states [ 1 ]. Approximately 60–80 % of patients with decreased 
anticoagulant activity have a VTE episode by 45 years of 
age [ 2 ]. Abnormalities that affect the arterial system are also 
relevant to surgeons who treat patients with arterial disease, 
including, for example, patients who require arteriovenous 
access for hemodialysis (Table  22.2 ) [ 3 – 5 ]. Although patients 
with bleeding disorders should also be assessed preopera-
tively, these conditions are not covered in this chapter.

    Normal hemostasis involves a series of events culminat-
ing in platelet plug formation and thrombin generation. 
Abnormalities at any stage of this cascade can increase the 
risk of abnormal bleeding or thrombosis. Hypercoagulable 
disorders result from either an increase in procoagulant 
activity or a decrease in anticoagulant activity. Although 
abnormalities associated with decreased anticoagulant are 
rare, occurring in less than 1 % of the population, they place 
patients at higher risk for thrombosis than the more commonly 
encountered disorders associated with increased procoagulant 
activity [ 6 ]. 

 Despite being recognized for centuries, the fi rst here-
ditary hypercoagulable state, antithrombin defi ciency, was 
not characterized until 1965 [ 7 ]. Over the last 50 years, addi-
tional hypercoagulable disorders have been identifi ed includ-
ing: protein C defi ciency, protein S defi ciency, factor V 
Leiden (or activated protein C resistance), prothrombin gene 
mutation (or G20210A), dysfi brinogenemia, and hyperho-
mocysteinemia. It is clear that other coagulation disorders 
exist but remain unspecifi ed and undetectable by the cur-
rently available diagnostic tests. Therefore, patients with 
prior clotting episodes or a strong family history of thrombo-
sis despite “negative” workups should be considered at 
higher risk for thrombosis when they are placed in prothrom-
botic situations such as surgery. 

 Hypercoagulable testing should be considered for patients 
with unexplained, recurrent, or atypically located VTE and 
for patients with a strong family history of VTE. Testing 
should generally be delayed until the thrombotic episode has 
resolved and the patient can safely stop anticoagulation. 
Most hypercoagulable disorders cannot be detected during 
the acute phase of thrombosis or during active anticoagula-
tion therapy (Table  22.3 ). Patients with a VTE that was pro-
voked by temporary or ongoing prothrombotic conditions 
usually do not benefi t from hypercoagulable testing. Aside 
from hypercoagulable disorders, unexplained arterial or 
venous thromboembolism also raises the possibility of an 
occult cancer. Likewise, patients with a prior history of mali-
gnancy who develop a fi rst-time or recurrent VTE episode 
should be assessed for cancer recurrence.

       Reduced Level of Anticoagulants 

    Antithrombin (AT) Defi ciency 
 The clinical manifestation of AT defi ciency is usually deep 
vein thrombosis (DVT), but it can also cause arterial throm-
boses on rare occasions. AT defi ciency increases the risk of a 
fi rst-time VTE event by 20-fold [ 8 ]. Since AT acts as a cofactor 
for heparin, patients with AT defi ciency often require exces-
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sively high doses of heparin to achieve therapeutic antico-
agulation. Resistance to anticoagulation with heparin raises 
the possibility of AT defi ciency and should prompt further 
testing. Unfortunately, diagnosing AT defi ciency at the time 
of the acute VTE event is usually impossible because AT lev-
els normally decrease in the postoperative and postpartum 
periods and during anticoagulation with heparin and some-
times warfarin. Assessment for AT defi ciency should there-
fore be pursued after the acute thrombotic event has resolved 
and the patient has stopped anticoagulation therapy. 
Subclassifi cations of AT defi ciency describe the underlying 
pathophysiology and include reduced AT activity levels, 
reduced AT antigen and activity levels, and a defective 
heparin- binding site.  

    Protein C Defi ciency 
 Patients with Protein C defi ciency have a tenfold increased 
risk of VTE and frequently develop recurrent DVT [ 9 ]. As a 
vitamin K-dependent enzyme produced in the liver, protein 
C is affected by liver disease, disseminated intravascular 
coagulation (DIC), and warfarin therapy [ 10 ]. Warfarin 
decreases protein C levels more quickly than it inhibits 
 procoagulant factors (Factors II, VII, IX, and X) making 

patients with protein C defi ciency temporarily hypercoagu-
lable and at risk for warfarin-induced skin necrosis. 
Preventing this complication is the rationale behind overlap-
ping heparin and warfarin therapy during the initial stages of 
anticoagulation. Testing for protein C defi ciency should 
occur after the VTE event has resolved and the patient has 
stopped taking oral anticoagulation. Antigen or activity levels 
can be used to detect protein C defi ciency.  

    Protein S Defi ciency 
 Protein S defi ciency is associated with DVT which can occur 
in atypical locations [ 11 ,  12 ]. Protein S functions as a cofac-
tor for protein C, and patients with protein S defi ciency have 
a comparable thrombotic risk to those with protein C defi -
ciency [ 9 ]. Like protein C, protein S is a vitamin K-dependent 
enzyme produced by the liver. Patients with protein S defi -
ciency are therefore at risk for warfarin-induced skin  necrosis 
if they are not appropriately transitioned from heparin to 
warfarin therapy. Although protein S defi ciency is a heredi-
tary disorder, functional defi ciencies can occur during 
infl ammatory states due to increased C4b-binding protein 
which lowers free protein S levels. Other conditions that can 
lower protein S levels include liver disease, DIC, pregnancy, 
estrogen hormonal therapy, and acute VTE. Tests for protein 
S defi ciency usually measure total protein S activity or free 
activity levels and should be performed after cessation of 
anticoagulation therapy.   

    Increased Levels of Procoagulants 

    Factor V Leiden 
 Factor V Leiden or activated protein C resistance is the most 
commonly identifi ed hereditary disorder associated with 
VTE. The vast majority of thrombotic complications from 
this disorder involve DVT and pulmonary emboli (PE) [ 13 ]. 
Homozygotes for Factor V Leiden have a 50-fold increased 
risk of VTE and account for about 1.5 % of VTE events [ 14 ]. 
Factor V Leiden heterozygotes have a fourfold increased risk 
of VTE and account for 16 % of fi rst-time VTE events and 
7 % of all cases of VTE (initial and recurrent) [ 15 – 17 ]. 
Factor V Leiden predominantly affects Caucasians, with 
people of Scandinavian origin having the highest prevalence 
[ 18 ]. Some studies suggest that an acquired form of Factor V 
Leiden can also develop with estrogen use, pregnancy, and 
elevated levels of Factor VIII [ 19 – 22 ]. The risk of VTE 

   Table 22.1    Relative risk of fi rst VTE based upon hypercoagulable disorder   

 Protein C 
defi ciency 

 Protein S 
defi ciency 

 Antithrombin III 
defi ciency 

 Factor V 
Leiden 

 Prothrombin 
gene mutation 

 Relative risk of fi rst VTE  10  10  25  4  2.5 

   Table 22.2    Tests for arterial hypercoagulable states   

 Abnormality 
 Lupus anticoagulant 
 Anticardiolipin antibody 
 B2 glycoprotein-1 antibody 
 Lipoprotein (a) 
 Sticky platelet syndrome 
 Homocysteine 

   Table 22.3    Timing of testing for VTE hypercoagulable states   

 Hypercoagulable state  Timing 

 Factor V Leiden  No restriction 
 Prothrombin mutation  No restriction 
 B2 glycoprotein-1 antibody  No restriction 
 Dysfi brinogenemia  No restriction 
 Antithrombin III defi ciency  After cessation of anticoagulation 
 Protein C defi ciency  After cessation of anticoagulation 
 Protein S defi ciency  After cessation of anticoagulation 
 Lupus anticoagulant  When no sign of active infection 
 Cardiolipin antibodies  When no sign of active infection 
 Elevated Factors VIII, IX, XI  After resolution of infl ammation – 

in concert with ESR/CRP 
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 associated with Factor V Leiden defi ciency increases in the 
presence of other hypercoagulable states, including hyperho-
mocysteinemia, prothrombin gene mutation, protein C or S 
defi ciency, and AT defi ciency [ 23 – 27 ]. Prolonged airplane 
travel, immobility, and surgical interventions can also pro-
voke thrombotic episodes. The laboratory diagnosis of Factor 
V Leiden involves a second-generation clotting assay which 
is 85 % specifi c and 100 % sensitive and usually requires 
PCR or genetic testing for confi rmation [ 14 ,  28 ]. Diagnostic 
testing is not affected by the presence of an acute thrombo-
embolic episode and may be performed at any time.  

    Prothrombin Gene Mutation 
 Patients with prothrombin gene mutation have a 2.5-fold 
increased risk for VTE [ 29 ]. Simioni and Ridker estimated a 
twofold increased risk of recurrent VTE similar to Factor V 
Leiden; however, other reports contradict this fi nding [ 30 – 33 ]. 
Patients with prothrombin gene mutation are also at increased 
risk for arterial complications associated with the coronary or 
cerebrovascular systems [ 34 ]. The disorder is essentially non-
existent in African American and Asian populations, and diag-
nostic testing is not affected by acute VTE [ 35 ].  

    Elevated Factors VIII, IX, and XI 
 Elevated levels of Factors VIII, IX, and XI can result in lower 
extremity DVT or PE [ 36 ]. Diagnosing these disorders can 
be challenging because common conditions such as bleeding 
and infl ammation normally increase the levels of procoagu-
lant factors. Laboratory tests to measure Factor VIII, IX, and 
XI levels should be performed in conjunction with an ESR 
or CRP to evaluate for concomitant infl ammation [ 37 ,  38 ]. 
If the ESR or CRP levels are also elevated, the procoagulant 
factor levels must be considered nondiagnostic because of 
the potentially confounding presence of infl ammation. 
Confi rming that elevated levels of Factors VII, IX, and XI 
refl ect a hypercoagulable state and not a temporary, acquired 
abnormality requires two tests at different time points 
 demonstrating procoagulant factor elevations above the 
90th percentile.  

    Hyperhomocysteinemia 
 Hyperhomocysteinemia increases the risk of peripheral 
 arterial disease, as well as arterial and venous thrombosis 
[ 39 – 42 ]. Several studies reported a 2–8-fold increased risk of 
stroke and myocardial infarction in patients with hyper-
homocysteinemia [ 43 ,  44 ]. Although vitamin and folate 
replacement can reduce serum levels of homocysteine, nor-
malizing the laboratory value of homocysteine does not 
affect clinical outcome or reduce cardiovascular risk. The 
only purpose of diagnosing hyperhomocysteinemia is to 
identify patients at higher risk for cardiovascular and throm-
botic events. Patients with atypical arterial thromboses 

or premature atherosclerosis warrant an evaluation for 
 hyperhomocysteinemia; however, measuring homocysteine 
levels in patients with VTE is not usually indicated.   

    Acquired Hypercoagulable States 

    Antiphospholipid Antibody Syndrome 
 Antiphospholipid antibody syndrome usually causes recurrent 
miscarriages in young women or lower extremity DVT; how-
ever, this syndrome also increases the risk of arterial thrombo-
sis [ 45 ,  46 ]. The risk of recurrent VTE increases 4–7.7-fold 
after the initial episode, with the recurrence frequently local-
ized to the site of the initial event [ 47 – 49 ]. Depending on the 
subtype of antiphospholipid antibody syndrome, the risk of 
initial DVT can be as high as 3.6-fold [ 50 ]. First-time VTE 
risk increases up to tenfold in patients who have antiphos-
pholipid antibody syndrome and other concomitant hyper-
coagulable conditions [ 50 ]. Laboratory examination for 
antiphospholipid antibody syndrome involves two different 
assays: anticardiolipin antibody for IgG and IgM antibodies 
and anti-β2 glycoprotein 1 screening. Although ongoing 
infection and underlying malignancy can create erroneous 
test results, the presence of acute VTE does not affect test 
accuracy.  

    Cancer 
 In 1865, Trousseau fi rst recognized that cancer increased the 
risk of VTE. The most common thrombotic manifestations 
of cancer are DVT and PE, and the risk of VTE ranges from 
7- to 20-fold for patients with metastatic disease on chemo-
therapy [ 51 ,  52 ]. Multiple factors infl uence the risk of throm-
botic complications in patients with cancer including: the 
type and stage of cancer, surgical vs. chemotherapy, comor-
bid conditions, immobility, and presence of central venous 
catheters. Some cancers cause vascular complications by 
exerting extrinsic compression on adjacent blood vessels. 
The risk of arterial thrombosis and embolization also 
increases in cancer patients including cerebral, myocardial, 
and peripheral thromboembolic episodes. 

 Low-molecular-weight heparin (LMWH) is more effec-
tive than warfarin at preventing thrombotic recurrence or 
propagation in patients with cancer [ 53 ,  54 ]. Patients with 
VTE and active cancer should be therefore maintained on 
long-term LMWH. Although newer anticoagulants may be 
equally effective in patients with cancer, more supporting 
data is required before they can be recommended for wide-
spread use. Anticoagulation therapy in patients with cancer 
must be carefully monitored as bleeding complications occur 
more frequently in this population [ 55 ]. 

 No specifi c testing for hypercoagulable conditions is 
 recommended for cancer patients.  
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    Pregnancy 
 Hypercoagulable disorders associated with pregnancy are 
the leading cause of maternal death in the United States with 
over half of the VTE episodes occurring postpartum [ 56 – 58 ]. 
Pregnancy creates a prothrombotic state by increasing fi brin-
ogen and Factor VIII levels while decreasing fi brinolytic 
activity and the level of protein S. As the gravid uterus 
enlarges, it compresses the inferior vena cava and the left 
iliac vein which explains why the majority of DVTs during 
pregnancy occur in the left lower extremity [ 59 – 62 ]. Patients 
with any inherited coagulation disorder have a markedly 
increased risk of DVT during pregnancy and the postpartum 
period [ 63 ]. Hellgren et al. reported that 60 % of pregnant 
patients with VTE had Factor V Leiden defi ciency [ 19 ]. 
Patients who develop VTE during pregnancy should be 
assessed for underlying hypercoagulable disorders to assess 
their overall thrombotic risk status and to determine the risk 
of recurrent VTE during future pregnancies.  

    Heparin-Induced Thrombocytopenia (HIT) 
 Patients with HIT develop heparin-induced antibodies 
directed against platelet factor-4. The antibodies trigger the 
activation and aggregation of platelets which ultimately 
releases prothrombotic platelet particles into the circulation. 
The clinical manifestation of HIT can include either venous 
or arterial thrombosis despite low levels of platelets [ 64 ]. 
HIT typically occurs 3–5 days after exposure to unfraction-
ated heparin; however, HIT can also occur following 
 treatment with LMWH. In patients with prior heparin expo-
sure, HIT can occur as early as 24 h after receiving heparin. 

 All patients being treated with any form of heparin should 
have platelet monitoring for at least 5 days. The diagnosis of 
HIT should be considered in patients who develop thrombo-
cytopenia or have a signifi cant decrease in the platelet count 
after exposure to heparin. Any thrombotic event that occurs 
after heparin initiation should also raise the possibility of 
HIT. If HIT is suspected on clinical grounds, all forms of 
heparin should be stopped immediately and anticoagulation 
should continue using a direct thrombin inhibitor (argatro-
ban, lepirudin) or anti-Xa inhibitor (fondaparinux). If HIT is 
confi rmed, anticoagulation should transition to warfarin 
only when the platelet count normalizes. Testing for HIT can 
include a serotonin release assay or enzyme-linked immuno-
sorbent assay (ELISA) which has a diagnostic accuracy 
approaching 100 % when used in combination [ 65 ].   

    Clinical Management 

 All surgeons regularly encounter patients suspected of hav-
ing a hypercoagulable disorder. Effective management of 
these patients must address the following issues: thrombo-
prophylaxis for patients undergoing procedures, appropriate 

length of treatment for patients who have a VTE, and 
 indications for and timing of testing to diagnose hypercoa-
gulable states. 

    Thromboprophylaxis 
 At least half of VTE events that occur in patients with hyper-
coagulable disorders are provoked by the clinical circum-
stances. This fi nding suggests that thromboprophylaxis 
could reduce the incidence of VTE for hypercoagulable 
patients who face clinical settings which are associated with 
an increased thrombotic risk such as surgery and immobility 
[ 9 ,  14 ,  66 ]. Multiple guidelines attempt to stratify the VTE 
risk of patients to determine the appropriate thromboprophy-
laxis for surgical procedures [ 67 ,  68 ]. Mechanical thrombo-
prophylaxis includes early ambulation and intermittent 
compression stockings, while pharmacologic thrombopro-
phylaxis typically involves unfractionated heparin, LMWH, 
or anti-Xa inhibitors. Current American College of Chest 
Physicians (ACCP) guidelines provide comprehensive rec-
ommendations for thromboprophylaxis based on the type of 
surgical intervention and risk stratifi cation of the patient [ 69 ]. 
These consensus-based guidelines are updated every few 
years and should be familiar to all surgeons. Appro ximately 
one half of VTE events occurring in young patients are asso-
ciated with inherited hypercoagulable states [ 70 ]. Estrogen 
replacement and hormonal methods of birth control add to 
the hypercoagulable state and should be avoided in this high-
risk patient population [ 66 ].  

    Duration of Therapy 
 The optimal duration of anticoagulation for patients with 
hereditary hypercoagulable disorders varies depending on 
the clinical scenario. The average risk of recurrent VTE is 
about 5 %, and recurrence seems to be lower for patients 
with a provoked vs. spontaneous VTE [ 70 ]. Patients with a 
provoked VTE due to transient thrombotic risk factors such 
as surgery should be treated with a fi nite period of anticoagu-
lation of 3–6 months [ 67 ]. In contrast, current treatment 
 recommendations for patients with a spontaneous VTE are 
less specifi c ranging from 2 years to lifelong anticoagulation 
[ 32 ,  67 ]. The risk of bleeding complications and the high 
cost of therapy make lifelong anticoagulation an unappeal-
ing treatment option [ 71 ,  72 ]. Warfarin has a 3 % risk of 
 signifi cant bleeding per year and a 0.6 % risk of a fatal hem-
orrhage [ 6 ]. Since patients with hypercoagulable disorders 
have a less than 3 % risk of primary VTE, the risk-benefi t 
calculation usually comes out against lifelong anticoagula-
tion. Based upon these assumptions, few patients have an 
absolute indication for lifelong anticoagulation. 

 Regardless of whether the thrombotic episode was provoked 
or spontaneous, the majority of patients with hypercoagulable 
disorders should be treated in a similar fashion to patients with-
out clotting abnormalities. This universal treatment strategy is 
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based on the hypothesis that most, if not all patients, who 
develop thrombotic complications have abnormalities in the 
clotting cascade and that most, if not all, episodes of VTE are 
provoked. The only difference in clinical scenarios may be 
the clinician’s ability to diagnose the hypercoagulable disorder 
or detect the often subtle instigating event [ 73 ].  

    Testing 
 Diagnosing hereditary hypercoagulable disorders may be 
more important for the family and progeny of the affected 
individual. Knowledge of an increased VTE risk can help 
determine the need for thromboprophylaxis in patients who 
face high-thrombotic-risk situations such as pregnancy, hor-
mone use, surgery, and prolonged air travel. Testing for 
hereditary hypercoagulable disorders should be considered 
in several scenarios listed in Table  22.4 . Prophylactic antico-
agulation is not recommended for asymptomatic individuals 
found to have hypercoagulable states.

         Popliteal Artery Entrapment 

    Introduction 

 Popliteal artery entrapment syndrome (PAES) encompasses a 
group of anatomic anomalies that cause compression of 
the popliteal artery and occasionally the popliteal vein. The 
hemodynamically signifi cant stenosis that occurs in PAES 
usually manifests as claudication but can cause progressive 
ischemia and limb loss if not diagnosed and appropriately 
treated. Stuart fi rst described the anatomy of popliteal artery 
entrapment in 1879, but the associated clinical manifestations 
of PAES were not recognized until 1958 [ 74 ,  75 ]. Although 
the incidence remains unclear, PAES appears to be the most 
common cause of claudication symptoms in young people. 
Bouhoutsos et al. reported a 0.165 % prevalence of PAES in 
young men entering the Greek military while Turnipseed et al. 
reported that PAES caused atypical claudication in 0.15–4 % 
of young patients, and Gibson et al. reported a 3.5 % preva-
lence of PAES in postmortem  specimens [ 76 – 79 ].  

    Pathophysiology 

 During embryologic growth, the popliteal artery normally 
develops after the medial head of the gastrocnemius 
muscle has migrated to the medial femoral condyle. 

Derangements in the timing and sequence of these events 
lead to the various types of PAES. Abnormally, early devel-
opment of the  popliteal artery or delayed migration of the 
medial head of the gastrocnemius causes compression and 
medial displa cement of the artery by the gastrocnemius mus-
cle (Type I). In Type II PAES, early development of the pop-
liteal artery interferes with the normal migration of the 
medial head of the gastrocnemius muscle causing abnormal 
muscle insertion into the femur. If mesodermal remnants of 
the medial head of the gastrocnemius fail to involute, they 
form abnormal fi brous bands or muscle slips that compress 
the popliteal artery (Type III). These bands can attach to the 
femoral  condyles or the intercondylar space. The rarest form 
of PAES, Type IV, involves persistence of the primitive axial 
artery which is compressed by the popliteus muscle. 
Compression of the vein and artery by any mechanism is 
classifi ed as Type V. 

 Type VI PAES can be a catch all term for other anatomic 
variants or it can designate functional popliteal artery entrap-
ment. The term functional PAES is usually applied when 
none of the anatomic abnormalities are present, but arterial 
compression is documented by radiologic imaging during 
positions of stress or activity. The etiology, incidence, natu-
ral history, and treatment of functional PAES remain contro-
versial. Leading theories regarding the pathophysiology of 
functional entrapment speculate that compression results 
from muscular hypertrophy or the soleal sling [ 80 ]. Pillai 
et al. reviewed MRI fi ndings and found that patients with 
functional PAES had more extensive attachment of the 
medial head of the gastrocnemius muscle to the midline 
of the bone and the intercondylar notch as well as greater 
muscle bulk adjacent to the neurovascular bundle [ 81 ]. Other 
imaging studies have questioned the clinical relevance of 
functional PAES by showing that some form of compression 
occurs in up to 80 % of healthy adults during forced plantar 
fl exion of the foot [ 80 ,  82 ,  83 ]. 

 Regardless of the mechanism or PAES type, external com-
pression of the popliteal artery gradually damages the vessel 
leading to fi brotic occlusion in advanced stages. As the popli-
teal artery slowly narrows, some patients form a poststenotic 
aneurysm with thrombus formation and distal embolization. 
Tibial nerve involvement has also been reported.  

    Clinical Presentation 

 PAES should be considered in patients younger than 50 who 
present with claudication or exertional calf muscle pain. The 
majority of patients with PAES present before 30 years of 
age and the male-to-female ratio is about 2:1 [ 84 ]. Roche- 
Nagle et al. found that young athletes participating in basket-
ball, football, rugby, or martial arts were most commonly 
affected by PAES and 25 % of patients had bilateral involve-
ment [ 85 ,  86 ]. 

   Table 22.4    Indications for hereditary hypercoagulable disorder testing   

 VTE episode at age younger than 45 
 Unprovoked VTE 
 VTE in atypical location 
 Strong family history of VTE 
 Women with multiple miscarriages 
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 All forms of PAES cause repetitive trauma to the artery 
which can potentially lead to aneurysmal degeneration, throm-
bosis, or distal embolization. The clinical signs and symptoms 
depend on the stage at which the patient seeks medical atten-
tion. A delayed presentation of PAES frequently occurs when 
young patients dismiss muscle cramps as a sign of being “out 
of shape” and primary care physicians overlook early signs 
and symptoms of arterial insuffi ciency. If weakness, paresthe-
sias, and edema are also present, PAES may involve simulta-
neous nerve and or vein compression. In some patients, the 
discomfort caused by walking paradoxically improves with 
more vigorous exercise. These atypical claudication symp-
toms can create a confusing clinical picture causing further 
delays in the diagnosis of PAES. 

 Claudication symptoms due to PAES may not occur 
until the patient has walked for miles. The onset of exer-
tional leg pain depends on the extent of arterial compres-
sion and the physical conditioning of the patient. Due to 
their young age, long walking distance, and lack of athero-
sclerotic risk  factors, many patients with PAES are initially 
referred to orthopedic or sports medicine physicians, and a 
vascular etiology for their symptoms is not considered until 
late in the course of disease. The sudden onset of severe 
claudication usually signifi es acute occlusion of the popli-
teal artery. Although critical limb ischemia (CLI) can result 
from popliteal artery occlusion or emboli to the tibial ves-
sels, only 20 % of patients with PAES present with symp-
toms of CLI [ 87 ,  88 ]. In most patients, the entrapped 
popliteal artery undergoes gradual injury allowing time for 
collateral formation, similar to that seen in atherosclerotic 
occlusive disease. 

 The differential diagnosis of PAES should include 
 compartment syndrome and popliteal adventitial cystic 
disease. Eliminating adventitial cystic disease from the 
differential diagnosis is usually straightforward since it 
does not have a predisposition to athletes and usually 
occurs in less active young patients. Several studies 
reported that PAES was the cause of symptomatic claudi-
cation in up to 60 % of young athletes [ 87 ,  89 ]. In contrast, 
Turnipseed et al. found that functional entrapment 
accounted for only 4 % of cases of claudication in young 
patients with chronic compartment syndrome causing the 
majority of symptoms [ 79 ]. Different referral patterns may 
explain the contradictory conclusions reached by these 
studies. Other non-atherosclerotic vascular complications 
in young, otherwise, healthy athletes can include exercise-
induced fi brosis of the external iliac artery most often 
described in avid cyclists and arterial thoracic outlet syn-
drome that can occur in baseball pitchers and other  athletes 
engaged in repetitive overhead arm motion.  

    Diagnosis and Treatment 

 Patients with PAES typically have palpable pedal pulses at 
rest which decrease or disappear with active plantar fl exion 
of the foot. Any patient with suspected PAES should undergo 
exercise testing in the noninvasive vascular lab. Unless the 
patient is presenting with an advanced stage of entrapment, 
the popliteal and tibial arteries should have normal triphasic 
waveforms when the leg is in the neutral position. Active 
knee extension and forced plantar fl exion of the foot occlude 
the popliteal artery in most patients with PAES. Likewise, a 
normal ABI at rest (greater than 1.0) should fall to less than 
0.9 with exercise in patients with PAES. Well-conditioned 
athletes with PAES may need to perform more vigorous 
exercise than the standard vascular lab protocol to induce 
changes in ABI. Similarly, patients with functional entrap-
ment frequently are usually athletes who develop symptoms 
at distances measured in miles, not blocks. 

 MRA or CTA imaging studies can confi rm the diagnosis 
of PAES, identify specifi c muscular or tendinous abnormali-
ties, and detect the presence of aneurysmal degeneration 
which warrants repair of the artery. Assessment of the con-
tralateral limb should also be performed as the prevalence of 
bilateral PAES ranges from 30 to 67 % [ 90 – 93 ]. Angiography 
usually helps determine whether an arterial bypass is neces-
sary by assessing the extent of intimal damage and identify-
ing distal runoff vessels. All diagnostic modalities should 
attempt to reproduce the popliteal artery compression that 
occurs during exercise. Unless the popliteal artery is already 
occluded or anatomic abnormalities for PAES identifi ed, 
images of the leg in neutral position should be compared to 
images obtained with forced active dorsifl exion of the foot 
against resistance with the knee fully extended. Failure to 
perform these maneuvers may lead to a false-negative result. 
Eliminating compartment syndrome from the differential 
diagnosis may involve taking pressure measurements in the 
muscle compartments of the lower leg. Left untreated, PAES 
can acutely occlude the popliteal artery which causes severe, 
short-distance claudication. DiMarzo et al. and Levien also 
found a higher rate of distal embolization in patients who 
had delayed diagnosis and treatment of PAES [ 87 ,  94 ].  

    Functional Entrapment 

 In 1985, Rignault described functional popliteal artery 
entrapment syndrome (FPAES) in symptomatic young mili-
tary recruits who had no anatomic abnormality [ 80 ]. Lower 
extremity MRI demonstrated compression of the popliteal 
artery in positions of stress which appeared to result from 
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hypertrophy of the muscles in the popliteal fossa. Other studies 
confi rmed the two levels of compression described by 
Rignault: one between plantaris and medial head of the gas-
trocnemius and the other between the popliteus and plantaris 
muscles. Turnipseed further defi ned FPAES by identifying 
hypertrophy of the gastrocnemius as the primary etiology 
[ 83 ,  90 ,  95 ]. Although partial resection of the medial head 
of gastrocnemius muscle provides symptomatic relief for 
patients with FPAES, Deshpande found that decreasing 
activity alone obviated the need for surgical intervention in 
patients willing to abstain from extreme athletics [ 96 ].  

    Treatment 

 Treatment for PAES should be performed by experienced sur-
geons with a detailed understanding and experience operating 
in this area. Surgery is the only effective treatment for anatomic 
PAES (Types I through V). Percutaneous, catheter- directed 
thrombolysis has a limited role in the treatment of PAES which 
involves restoring patency to an acutely occluded popliteal 
artery in anticipation of defi nitive surgical repair. Unlike arter-
ies affected by atherosclerotic disease, the popliteal artery in 
patients with PAES is fi brotic and usually resists dilation with 
balloon angioplasty and stent placement. Endoluminal inter-
ventions are also destined to fail because they do not relieve the 
underlying problem of extrinsic compression. 

 All symptomatic patients with confi rmed PAES should 
have surgery to resect the offending muscle or band. Surgery 
usually involves resection of the gastrocnemius medial head 
which can be guided by intraoperative duplex assessment of 
the vessel to confi rm successful decompression. This proce-
dure alone may provide defi nitive treatment for patients with 
early-stage PAES in whom the artery has not degenerated. 
Surgery for early-stage PAES can be performed with a 
 posterior popliteal approach using a lazy “S” incision. 
An adequate length of artery should be exposed to evaluate 
for other fi brous compressive bands. If the medial head of the 
gastrocnemius muscle is causing compression of the popli-
teal artery or vein, it should be divided from its insertion on 
the medial femoral condyle. Techniques for excising the 
plantaris muscle, soleal sling, and popliteus muscle have also 
been described. 

 Advanced-stage PAES which causes occlusion or aneu-
rismal dilation of the popliteal artery mandates treatment 
with an intersegmental arterial bypass, generally using the 
small saphenous or great saphenous veins as a bypass con-
duit. Some patients have chronic occlusion of the popliteal 
artery without symptoms of vein or nerve compression. 
These patients do not require division of the muscle bands 
and can be treated from a medial approach with the vein 
bypass tunneled subcutaneously, not anatomically. 

 Prophylactic intervention for patients with contralateral 
PAES should be performed electively if imaging studies con-
fi rm early-stage compression of the popliteal artery without 
vessel injury. Early surgical decompression can avoid the 
need for vascular repair or bypass. Surgical intervention 
 usually allows young patients with PAES to resume their 
sports and athletic endeavors.  

    Outcomes 

 Follow-up information is somewhat limited to relatively small 
series. Kim et al. followed 22 bypasses in 18 patients with 
PAES dividing the patients into those with short- segment 
occlusions and those with occlusion extending beyond the 
popliteal artery [ 97 ]. Both posterior and medial surgical 
approaches were used in this series. Overall graft patency was 
75 % at 3 and 5 years. Patients who had a bypass originating 
from the distal superfi cial femoral artery had a signifi cantly 
lower patency compared to patients with a bypass originating 
from the above-knee popliteal artery (30 % vs. 86 % at 5 years). 

 A recent meta-analysis by Sinha et al. attempted to 
describe the clinical presentation, natural history, and treat-
ment outcome of patients with PAES. Claudication was the 
most common symptom of PAES with 38 % of patients 
 having bilateral disease, 23 % exhibiting functional entrap-
ment, and only 11 % of patients presenting with critical limb 
ischemia [ 84 ]. At the time of presentation, 24 % of the pop-
liteal arteries were occluded and 13.5 % had aneurismal 
degeneration. The median duration of symptoms prior to 
diagnosis was 12 months; however, there was no association 
between duration of symptoms and presence of signifi cant 
arterial damage. Three studies in the meta-analysis reported 
outcomes on a handful of patients treated nonoperatively for 
PAES: 1 patient required amputation, 1 patient reoccluded 
2 months after thrombolysis requiring bypass, 1 patient had 
persistent symptoms, and 1 patient with functional entrap-
ment had symptom resolution. Although surgery had an 
overall success rate of 77 %, surgical complications included 
amputation, wound infection, hematoma, seroma, and deep 
vein thrombosis. Fewer reports exist for popliteal vein 
entrapment, and clinical outcomes may differ from PAES 
due to the predominantly female patient cohort [ 93 ,  98 ,  99 ].   

    Thromboangiitis Obliterans 

 Thromboangiitis obliterans (TAO) was fi rst recognized in 
1879, but not well described until 1908 when Leo Buerger 
published the pathologic fi ndings of the disease that now bears 
his name. TAO or Buerger’s disease is a vasculitis character-
ized by segmental thrombotic infl ammatory changes [ 100 ]. 
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TAO involves medium- and small-sized arteries, which are 
infrapopliteal or infrabrachial in location. Three pathologic 
phases have been described [ 101 ].
    1.    Acute phase which involves an occlusive cellular throm-

bus. Microabscesses and multinucleated giant cells may 
be seen.   

   2.    Subacute phase involves organization of the thrombus.   
   3.    Chronic phase characterized by organized thrombus and 

fi brosis. This may be more diffi cult to differentiate from 
atherosclerotic disease.    

     Etiology and Presentation 

 Despite extensive clinical and pathologic studies, the etiol-
ogy of TAO remains unclear. Although tobacco use is central 
to the disease process, immunologic factors, hereditary dis-
position, and endothelial dysfunction may also play a role in 
the pathophysiology of TAO. Patients with TAO typically 
present with ischemic symptoms caused by occlusive small- 
vessel disease of the lower leg, forearm, or both. The most 
characteristic clinical scenario for TAO involves a man under 
the age of 40 who smokes and has digital ischemia. TAO 
occurs less commonly in women and rarely affects other vas-
cular beds. Superfi cial thrombophlebitis and rheumatologic 
symptoms such as arthralgias, arthritis, and carpal tunnel 
syndrome have also been described as clinical manifesta-
tions of TAO [ 101 ,  102 ].  

    Diagnosis 

 The diagnosis of TAO begins with a thorough physical exam 
including palpation of distal pulses, auscultation for bruits, 
inspection of the digits, and evaluation for superfi cial venous 
thrombophlebitis. Ankle brachial indices (ABIs) should be 
obtained to detect and quantify the severity of arterial occlu-
sive disease. A neurologic exam should be performed, as up 
to 70 % of patients have sensory fi ndings [ 103 ]. Clinical 
diagnostic criteria for TAO include [ 103 ]:
•    Age younger than 45  
•   Recent tobacco use  
•   Distal extremity ischemia  
•   Absence of autoimmune disease, thrombophilia, diabetes, 

or proximal embolic source  
•   Consistent radiographic fi ndings    

 Adjunctive diagnostic studies for TAO include arterial 
duplex, CTA, MRA, or catheter-directed angiography. These 
imaging studies can exclude a proximal embolic source and 
confi rm that the occlusive lesions only involve arteries distal to 
the elbow or knee. Although corkscrew collateral vessels have 
been associated with TAO, this pattern is not specifi c to TAO 
and may occur in other types of arterial occlusive disease.  

    Treatment and Outcomes 

 Smoking cessation is the primary treatment strategy for 
patients with TAO. Patients who completely stop smoking 
have signifi cantly more favorable outcomes than patients 
who continue to smoke. In a relatively large study, no ampu-
tations were performed on patients with TAO who stopped 
smoking, while 43 % of active smokers required an amputa-
tion [ 104 ]. Endovascular and surgical interventions have lim-
ited success in patients with TAO due to the distal nature of 
the disease. Small studies have described the use of vasodila-
tors for TAO including iloprost, alpha-blockers, calcium 
channel blockers, and sildenafi l. The use of sympathectomy 
to relieve the symptoms of TAO has not proven to be 
successful.   

    Vasculitis 

    Introduction 

 Vasculitis refers to infl ammation of the blood vessel wall that 
can lead to arterial damage in the form of aneurismal degen-
eration or thrombosis of the involved vessel. This infl amma-
tory process can occur in several different types of arteries 
affecting patients from a variety of demographic groups. 
Vasculitis therefore encompasses an uncommon group of dis-
orders with a wide range of pathologic features and clinical 
presentations that can be challenging to concisely summa-
rize. Despite the rarity and complexity of vasculitis, general 
surgeons should be familiar with the diagnosis and initial 
management of this group of vascular diseases. Patients with 
vasculitis often present with vague symptoms that require 
immediate recognition and appropriate treatment to avoid 
potentially devastating complications such as thrombosis, 
aneurysm rupture, blindness, and hemoptysis. Mistakenly 
treating vasculitis as a manifestation of atherosclerotic dis-
ease can have signifi cant adverse consequences. 

 The diagnosis and management of some forms of vasculi-
tis remains controversial with considerable disagreement 
between and within medical disciplines. Debate continues 
over even the most fundamental issues including whom to 
biopsy, when to initiate steroids, and how long to continue 
therapy. Because of this lack of consensus, surgeons often 
take the lead in determining the indication for a biopsy and 
the timing of medical treatment. Surgeons must also recog-
nize the appropriate role for revascularization because it is 
clear that patients with vasculitis do not follow the same 
clinical course as patients with atherosclerotic disease. The 
following section will review the different classes of vasculi-
tides with attention to presentation, pathophysiology, diag-
nosis, and treatment options. Particular attention will be paid 
to giant cell or temporal arteritis (GCA), as it is one of the 
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more commonly encountered forms of vasculitis and one 
that stimulates considerable debate regarding diagnosis and 
treatment.  

    Classifi cation and Pathophysiology 

 Vasculitis can be classifi ed by the size of arteries it affects: 
large, medium, or small. Parameters to subclassify vasculitis 
include ANCA status (positive or negative) and patient age at 
presentation. The more common forms of vasculitis can be 
summarized as follows (some less common vasculitides have 
been omitted for clarity) [ 105 ]:

 Large-vessel disease 
 Takayasu’s arteritis  (Age < 30) 
 Giant cell (temporal) arteritis  (Age > 50) 

 Medium-vessel disease 
 Kawasaki’s disease  (Age < 5) 
 Behcet’s disease  (Age 20–40) 
 Polyarteritis nodosa 

 Small 
 Henoch-Schonlein purpura 
 Arteritis of connective tissue disease 
 Wegener’s granulomatosis  (ANCA+) 

      Large-Vessel Vasculitis 
 As the name implies, large-vessel vasculitis involves the 
aorta and its major branches; however, GCA can also affect 
small vessels such as the temporal, ophthalmic, retinal, and 
ciliary arteries. While Takayasu’s arteritis is more prevalent 
in the Mediterranean and Asia, GCA is more common among 
patients in North America [ 106 ]. 

 An accurate diagnosis and prompt treatment is paramount 
to achieving a good clinical outcome in patients with 
GCA. Delayed treatment puts patients at risk for blindness 
due to ischemic optic neuropathy. Other consequences of 
untreated arteritis include an increased incidence of periph-
eral arterial disease, the development of aortic aneurysms 
(particularly of the ascending aorta), an increased risk of car-
diovascular events, and potentially increased mortality [ 107 ]. 
The complex pathophysiology of GCA involves recruitment 
and activation of CD-4 T cells by local dendritic cells. 
Macrophages damage the vessel resulting in luminal narrow-
ing. Histologic fi ndings include granulomatous changes and 
multinucleated giant cells [ 108 ].  

    Giant Cell Arteritis Diagnosis 
 GCA affects patients over the age of 50 with a higher preva-
lence in patients in their seventh and eighth decades. Although 
the disease process of GCA remains poorly understood, more 
women are diagnosed than men (female-to-male ratio 3:1), 

and genetics seems to have an etiologic role. The clinical 
diagnosis of GCA can be challenging because patients pres-
ent with a variety of signs and symptoms. Arterial occlusive 
disease affecting the brachial or femoral arteries in the 
absence of atherosclerotic disease or risk factors should raise 
suspicion for GCA. Patients may also have fever of unknown 
origin and complain of headache, jaw pain, and vision 
changes. The physical exam in patients with GCA may dem-
onstrate prominent, tender temporal arteries or scalp isch-
emia. Biochemical markers can provide supporting evidence 
for diagnosis of GCA in patients with relatively nonspecifi c 
fi ndings from the history and physical exam. Estimated sedi-
mentation rate (ESR) greater than 50 and C-reactive protein 
(CRP) greater than 2.45 g/dL are both predictive of a positive 
biopsy result for GCA [ 109 ]. Elevated platelet counts, 
although nonspecifi c, may be predictive as well. 

 Ultrasonography can function as a valuable diagnostic 
tool for evaluating patients with suspected GCA. An ultra-
sound exam of the temporal arteries in patients with GCA 
often demonstrates a hypoechoic line within the vessel wall. 
This line or “halo” appears to be related to edema and infl am-
mation and has a sensitivity of 68–73 % and a specifi city of 
91–100 % for the diagnosis of GCA. Specifi city increases 
when bilateral halos are present, while sensitivity diminishes 
after the initiation of steroids as the halo fades away and 
completely disappears after 14 days of therapy [ 107 ,  110 ]. 
Given the ease, availability, and noninvasive nature, ultraso-
nography is an excellent starting point for diagnosing patients 
with GCA. A positive ultrasound exam should prompt treat-
ment and may obviate the need for a temporal artery biopsy. 
A negative ultrasound result may require further evaluation 
depending on the clinical scenario. Other imaging studies 
such as MRI and PET scanning may assist in the diagnosis of 
GCA; however, their role in general practice remains poorly 
defi ned [ 106 ,  107 ]. 

 Temporal artery biopsy was fi rst described in 1932 and is 
often invoked as the gold standard for diagnosing GCA 
[ 108 ]. Despite the widespread use and recognition of tempo-
ral artery biopsy, this technique has several shortcomings 
and still generates debate regarding its necessity as a diag-
nostic exam. According to some studies, temporal artery 
biopsy has a 20–40 % false-negative rate, possibly related to 
the initiation of steroids before biopsy or inadequate speci-
men. No consensus has ever been reached regarding the 
minimal length of the specimen or the need for unilateral 
versus bilateral temporal artery biopsy. The presence of skip 
lesions highlights the need to obtain an adequate length of 
temporal artery to avoid a false-negative biopsy result. 

 In 1990, the American College of Rheumatologists (ACR) 
proposed that patients meeting three of the following fi ve 
clinical criteria could be diagnosed with GCA:
    1.    Age > 50   
   2.    New-onset headache   
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   3.    Temporal artery tenderness or decreased temporal artery 
pulse   

   4.    ESR greater than 50 mm/h   
   5.    Abnormal temporal artery biopsy     

 Although the ACR guidelines suggest that a temporal 
artery biopsy is not always necessary, the issue has not been 
settled. The titles of two recent journal articles demonstrate 
how polarized this issue remains: “Temporal artery biopsy is 
not required in all cases of suspected giant cell arteritis” ver-
sus “Temporal artery biopsy: skip it at your patient’s peril” 
[ 110 ,  111 ]. A recent abstract questioned the value of a biopsy 
by reporting that steroids were stopped in only 36.5 % of 
patients with a negative biopsy result [ 112 ]. It seems hard to 
justify a nontherapeutic intervention that carries a small risk 
of facial nerve injury if the requesting physician has no 
intention of altering the treatment plan based on the biopsy 
results. 

 Until wider consensus can be achieved, the diagnosis of 
GCA requires an individualized approach. Patients with clin-
ical fi ndings and elevated biochemical markers consistent 
with GCA should begin treatment without waiting for confi r-
mation with a temporal artery biopsy. An ultrasound exam 
demonstrating a halo sign can then confi rm the diagnosis and 
a biopsy can be reserved for patients with a negative or 
 nondiagnostic ultrasound in whom the diagnosis remains 
unclear. Initiating steroid treatment 2 weeks or more in 
advance does not appear to affect the diagnostic accuracy of 

a temporal artery biopsy in patients with clinical indications 
of active disease [ 113 ]. 

 Although a temporal artery biopsy is a minor procedure, 
potential adverse outcomes include a nondiagnostic result 
and injury to the facial nerve. These complications can be 
avoided by adhering to a few sound techniques when per-
forming the biopsy. To increase the diagnostic yield, the 
biopsy should be performed on the symptomatic side or the 
side with a diminished or absent temporal artery pulse. 
Before beginning the procedure, a Doppler probe can locate 
and mark the path of the temporal artery as it courses superi-
orly from its origin anterior to the ear [ 114 ]. Figure  22.1  
shows the course of the temporal artery. Making the incision 
over the parietal branch of the artery within the patient’s 
hairline decreases the risk of injuring the facial nerve. The 
incision should be long enough to remove a 2–3 cm segment 
of the artery to ensure that an adequate sample is obtained for 
diagnosis [ 115 ]. Skin closure using subcuticular absorbable 
sutures gives the best cosmetic result.

       Giant Cell Arteritis Treatment 
 First described in 1953, glucocorticoid treatment for giant cell 
arteritis has signifi cantly reduced the number of patients who 
go blind because of GCA. Steroids should be started as soon 
as possible because a delay of more than 24 h past symptom 
recognition reduces the rate of visual symptom resolution 
from 50 % to only 6 % [ 107 ]. The initial recommended dose 

  Fig. 22.1    Course of the 
superfi cial temporal artery. 
Danger zone delineated by box 
showing proximity of frontal 
branch of facial nerve to the 
frontal branch of superfi cial 
temporal artery (Illustration 
courtesy of Marie Kim. Iowa 
Head and Neck Protocols, Iowa 
City, IA.   http://wiki.uiowa.edu/
display/protocols/Home    )       
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of prednisone is 0.8–1.0 mg/kg/day. Protocols to taper the 
 steroid dose usually target resolution of symptoms and nor-
malization of biochemical markers over a time period of less 
than 6 months [ 107 ]. Unfortunately, steroids can cause signifi -
cant side effects including diabetes, hypertension, infection, 
fractures, and heart failure. In some studies, high-dose steroids 
for longer than 6 months increased mortality, although con-
founding variables were present [ 107 ]. The fact that steroids 
are nonspecifi c mediators of the immune system with an unfa-
vorable side effect profi le has sparked interest in more directed 
medical therapy including the use of methotrexate, TNF-alpha 
antagonists, azathioprine, hydroxychloroquine, cyclophospha-
mide, dapsone, and cyclosporine. While these alternative 
agents can mitigate the systemic effects of GCA and prevent 
blindness, their ability to reduce the vascular morbidity remains 
unclear. Low-dose aspirin may also play a role in decreasing 
the rate of cerebrovascular events in patients with GCA [ 18 ].  

    Takayasu’s Arteritis Diagnosis 
 Takayasu’s arteritis involves large arteries such as the aorta 
and its branches, resulting in stenosis, occlusion, and aneu-
rysm formation. One of the diagnostic criteria for Takayasu’s 
arteritis is age younger than 40 and most cases occur in 
patients 20–40 years of age [ 108 ]. Takayasu’s arteritis should 
be considered in young patients with unexplained bruits or 
decreased pulses on physical exam and in patients with 
hypertension related to renal artery stenosis. The initial 
 presentation of Takayasu’s arteritis can include stroke, cere-
brovascular symptoms, and upper extremity pain with exer-
tion. Stenosis involving the lower extremity and visceral 
arteries and aneurysm formation are less common clinical 
manifestations of Takayasu’s arteritis.  

    Takayasu’s Arteritis Treatment 
 Although steroids can effectively treat Takayasu’s arteritis, 
symptoms often relapse during attempts to taper the steroid 
dose [ 116 ]. Alternative pharmaceutical agents may allow for 
steroid sparing and more targeted therapy; however, support-
ing evidence for these treatment strategies remains insuffi -
cient. Surgical intervention for Takayasu’s arteritis requires 
careful consideration given the increased risk of technical 
failure and the relatively high rates of restenosis and recur-
rent aneurysm. Cardiac risk in patients with Takayasu’s 
 arteritis may also be higher than age-matched controls [ 117 ]. 
If surgery is necessary, it should be performed in the quies-
cent stage of the disease, and steroid treatment plays an 
important role in preoperative preparation. Signifi cant doubt 
remains as to whether endovascular interventions have any 
role in the treatment of Takayasu’s arteritis.  

    Medium-Vessel Vasculitides 
 Several vasculitides are described below – Kawasaki’s vas-
culitis, Behcet’s disease, and Polyarteritis nodosa. 

 Kawasaki’s vasculitis is an example of a medium-vessel 
vasculitis that typically occurs in children younger than fi ve 
although there have been reports of adult disease. The 
American Heart Association guidelines for the diagnosis of 
Kawasaki’s vasculitis include:
•    Fever of unknown origin  
•   Bilateral bulbar conjunctival injection  
•   Oral mucous membrane and tongue changes  
•   Erythema of the palms and soles  
•   Rash  
•   Lymphadenopathy    

 The treatment for Kawasaki’s disease consists of intrave-
nous immunoglobulin and high-dose aspirin early in the 
course of the disease in an effort to prevent complications 
such as coronary artery disease, heart failure, and coronary 
artery aneurysms. Echocardiography and nonspecifi c serum 
markers such as CRP can be useful in the diagnosis and mon-
itoring of the disease process. 

 Behcet’s disease affects people between the ages of 20 
and 40 and has a higher incidence in the Middle East. 
Affected arteries including the aorta, renal, pulmonary, and 
peripheral vessels can thrombose or become aneurismal, 
while veins can develop deep vein thrombosis or thrombo-
phlebitis [ 18 ]. Many patients with Behcet’s disease have 
recurrent skin ulcers as well as oral and genital ulcers [ 116 ]. 
One of the unique diagnostic criteria for Behcet’s disease is 
pathergy, which is defi ned as development of a pustule after 
a prick of the skin. Like the other vasculitides, a delay in the 
diagnosis of Behcet’s disease can result in blindness. 
Immunosuppression forms the mainstay of therapy for 
Behcet’s disease. The benefi t of long-term anticoagulation in 
these patients remains unclear [ 18 ]. 

 Polyarteritis nodosa is a necrotizing vasculitis of medium 
vessels that can lead to thrombosis and aneurysm formation. 
Symptoms of mesenteric ischemia often occur.  

    Small-Vessel Vasculitis 
 Wegener’s granulomatosis is a small-vessel vasculitis char-
acterized by necrotizing and granulomatous changes affect-
ing arteries or veins. In addition to the general treatment 
strategies already discussed, statins may help reduce infl am-
mation; however, clear evidence for this is lacking [ 18 ].    

    Fibromuscular Dysplasia 

    Introduction and Pathophysiology 

 Fibromuscular dysplasia (FMD) is a non-atherosclerotic, 
noninfl ammatory disease that can result in stenosis, thrombo-
sis, emboli, and aneurysm formation in numerous arterial 
beds. Although FMD was fi rst described in 1938, this disease 
remains poorly understood. Pathologically, FMD can be 
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 classifi ed into one of four types based on the predominant 
layer of the arterial wall involved in the disease process: [ 118 ]
•    Intimal fi broplasia – A less common type that typically 

occurs in the younger population, intimal fi broplasia is 
characterized by subendothelial deposits of collagen 
within the intima. Radiographic fi ndings include long, 
smooth stenotic segments.  

•   Medial hyperplasia – The rarest type is characterized by 
an increase in medial smooth muscle and may appear as 
concentric stenosis in the mid-renal artery. Some consider 
this type of FMD a precursor to medial fi broplasia and 
therefore do not include it as a distinct category.  

•   Medial fi broplasia – This type accounts for 80–90 % of 
diagnoses and is what most people think of when refer-
ring to “FMD.” Medial fi broplasia most commonly occurs 
in women between the ages of 30 and 50. Pathologically, 
the lesions consist of media with fi brous tissue, collagen, 
and ground substance. The alternating thickening and 
thinning of the media results in the radiographic string of 
beads appearance and may lead to aneurysm formation.  

•   Perimedial dysplasia – The second most common type of 
FMD involves accumulation of elastic tissue between the 
media and adventitia; however, perimedial dysplasia is 
not associated with aneurysm formation. Perimedial dys-
plasia may present as multiple high-grade renal artery 
 stenotic lesions in young patients.     

    Etiology and Presentation 

 The etiology of FMD may involve multiple factors including 
mechanical stress and relative ischemia to the vasa vasorum 
as well as patient-specifi c factors such as smoking, hormone 
levels, and genetics [ 119 ]. Although FMD can occur in 
numerous arterial beds, it most commonly affects the renal 
and cerebrovascular systems, specifi cally the mid to distal 
internal carotid artery. Screening for intracranial aneurysms 
should be considered, as the reported prevalence ranges from 
7 to 50 % [ 119 ]. Overall, the prevalence of FMD is 4 %; 
however, the number of incidentally identifi ed lesions will 
most likely rise as the volume and quality of radiographic 
studies increase [ 120 ]. 

 Presenting symptoms for FMD vary. Olin et al. suggest 
that the diagnosis of FMD should be considered in patients 
with any of the following clinical conditions [ 120 ]:
•    Onset of hypertension <35 years of age  
•   Resistent hypertension  
•   Epigastric bruit and hypertension  
•   Cervical bruit at <10 years of age  
•   Pulsatile tinnitus  
•   Severe and recurrent headaches  
•   TIA or stroke in those <60 years of age  

•   Peripheral dissection  
•   Intracranial or visceral aneurysm  
•   Aortic aneurysm in those <60 years of age  
•   Subarachnoid hemorrhage  
•   Renal infarction     

    Diagnosis and Treatment 

 The clinical circumstances usually raise the possibility of 
FMD. Imaging studies including ultrasound duplex, CTA, 
MRA, conventional angiography, or IVUS often demon-
strate characteristic stenotic lesions further supporting the 
diagnosis of FMD [ 121 ]. Treatment for FMD depends on 
the symptoms. Asymptomatic patients should be started 
on aspirin 81 mg daily and educated to recognize signs and 
symptoms that could indicate cerebrovascular or renal dis-
ease. These patients should also be informed that FMD 
increases the risk of arterial dissection associated with par-
ticipation in contact sports, physical activities, and chiro-
practic manipulations. A CT scan of the head to screen for 
intracranial aneurysms should be considered since patients 
with FMD appear to have a greater risk for these aneurysms 
than the general population [ 118 ]. Although it does not have 
strong supporting evidence, systemic anticoagulation 
remains a widely used treatment strategy for patients with a 
carotid dissection due to FMD [ 119 ]. Symptomatic arterial 
occlusive lesions caused by FMD respond well to percuta-
neous balloon angioplasty, and endovascular intervention 
represents a fi rst-line therapy despite a lack of randomized 
controlled studies. Endovascular stent grafts have also 
 successfully treated cerebrovascular pseudoaneurysms and 
aneurysms caused by FMD; however, comparative studies 
have not been performed. Open surgical repair and revascu-
larization is a reasonable treatment option in patients with 
complex lesions that are not amenable to endovascular 
intervention [ 118 ].  

    Conclusion 

 Vascular disease is not always confi ned to elderly patients 
with a history of smoking and systemic atherosclerosis. 
Patients with non-atherosclerotic vascular disorders come 
from a wide range of demographic groups and have a differ-
ent presentation, natural history, and treatment compared to 
patients with traditional vascular disease. Failure to recog-
nize and treat these non-atherosclerotic vascular diseases can 
have signifi cant and potentially fatal consequences. General 
surgeons who are familiar with non-atherosclerotic vascular 
disease can recognize and appropriately manage patients 
with these rare conditions.      
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           Diagnosis and Management of Hemorrhage: 
Retroperitoneal, Cervical, and Groin 

 In all cases of hemorrhage, the Advanced Trauma Life 
Support (ATLS) algorithm should be followed, with prompt 
recognition, rapid resuscitation, and immediate decision 
making and action [ 1 ]. 

    Retroperitoneal Hemorrhage 

    Etiology 
 Retroperitoneal hematoma (RPH) describes bleeding into 
the potential space between the peritoneum and the musculo-
skeletal elements of the back. Several conditions can cause 
RPH including ruptured aortic aneurysm, traumatic vascular 
injury, retroperitoneal neoplasms, and coagulopathy. RPH 
occurs most frequently as a complication of percutaneous 
femoral artery puncture for interventional procedures. The 
reported incidence of RPH after cardiac catheterization is 
0.15 % for diagnostic procedures, 0.8 % for balloon angio-
plasty, and 3 % for coronary stents. Three dichotomous vari-
ables were identifi ed as independent predictors of RPH: 
female gender (odds ratio [OR] 5.4), body surface area 
(BSA) less than 1.73 m 2  (OR 7.1), and high femoral artery 
puncture site (OR 5.3) [ 2 ]. Twenty-fi ve percent of retroperi-
toneal bleeds were remote from the femoral artery puncture 
site, with the majority of these being contralateral to the side 
of the puncture.  

    Presentation 
 The diagnosis of retroperitoneal hematoma requires clinical 
acumen, and an awareness of the scenarios in which this com-
plication is likely to occur. Patients with signifi cant groin, 
fl ank, abdominal, or back pain or hemodynamic instability fol-
lowing an interventional procedure should be evaluated for a 
retroperitoneal hematoma. The nonspecifi c symptoms associ-
ated with RPH often delay the diagnosis. Approximately 
23–54 % of retroperitoneal hematoma patients have docu-
mented clinical evidence of femoral neuropathy caused by 
compression of the femoral nerve [ 3 ]. Seventy-fi ve percent of 
cases presented within the fi rst 3 h after conclusion of the pro-
cedure, with a rapid decline in frequency after this time period 
[ 4 ]. Spontaneous hemorrhage usually occurs in patients receiv-
ing anticoagulation. Idiopathic retroperitoneal hematoma may 
present symptomatically in the form of acute abdominal pain, 
nausea, and anorexia. Upon physical examination, the patient 
may have a tender abdomen and hypovolemic shock.  

    Imaging 
 Contrast-enhanced computed tomography (CT) scan is the 
imaging modality of choice to identify and categorize a ret-
roperitoneal hemorrhage (Fig.  23.1 ).

       Treatment 
 Although a widely accepted consensus on the management 
of patients with RPH does not exist, a reasonable treatment 
algorithm is shown in Fig.  23.2 .

     Conservative Therapy 
 Hemodynamically stable patients with RPH can be managed 
with fl uid resuscitation, correction of coagulopathy, and 
blood transfusion. Non-interventional therapy mandates close 
observation for the development of abdominal compartment 
syndrome (ACS) which can be fatal if it is not promptly rec-
ognized and treated. ACS is defi ned as sustained intra-abdom-
inal pressure greater than 20 mmHg with end- organ 
dysfunction manifested as respiratory insuffi ciency, oliguria, 
and decreased venous return resulting in severe hypotension.  
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   Endovascular Intervention 
 Hemodynamic compromise that persists or fails to respond 
to resuscitation indicates the need for more defi nitive 
intervention. Endovascular therapy for RPH requires arteri-
ography and selective vessel catheterization. Selective embo-
lization of a bleeding arterial branch or exclusion of an 
injured vessel segment with a stent graft can provide defi ni-
tive hemostasis. Balloon occlusion offers temporary control 
of the bleeding, while surgical exploration is undertaken. If 
there is no arterial injury, venography should be considered.  

   Exploration 
 Open surgical repair of retroperitoneal bleeding should be 
reserved for cases when conservative management fails or 
endovascular measures are either not available or do not 

control the bleeding. The surgical procedure begins with 
retroperitoneal exploration and packing. Proximal and distal 
vascular control is then obtained followed by careful explo-
ration and defi nitive primary repair or replacement of the 
injured vessel.   

    Outcomes 
 RPH is a potentially deadly condition that carries a mortality 
rate of 18–60 %. Although there is no level I evidence to 
guide the management of patients with RPH, it is clear that 
delayed diagnosis and inappropriate treatment increase the 
risk of death, and this may account for the wide range in 
reported mortality rates. Angiography and selective emboli-
zation have emerged as effective methods for treating 
RPH. Several case series document that the technical success 
of embolization for RPH approaches 100 % resulting in 
immediate and sustained (greater than 24 h) hemodynamic 
improvement in more than 90 % of patients. Despite these 
promising initial results, some patients still require  additional 
hemostatic surgery, and all-cause mortality at 1 month ranges 
from 32 to 75 % [ 5 ]. The ability of embolization to stabilize 
hemodynamic parameters may depend on the rate of admin-
istration of packed red blood cells and fresh frozen plasma 
(FFP), as well as the systolic blood pressure (SBP) immedi-
ately before embolization. Predictors of mortality from RPH 
include the number of injured sites, SBP before emboliza-
tion, the need for vasopressive drugs before embolization, 
and hemodynamic recovery after intervention.   

    Cervical (Neck) Hemorrhage 

    Etiology 
 The most common causes of cervical hemorrhage are trau-
matic injury, postoperative issues related to specifi c organs, 
and the sequelae of therapy for cancer. Projectiles and blades 
cause most traumatic neck injuries, while postsurgical hem-
orrhage (including post carotid endarterectomy [CEA] 
hematoma) represents a common nontraumatic cause of cer-
vical hemorrhage. Penetrating neck trauma represents 
approximately 5–10 % of all trauma cases that present to the 
emergency department. About 30 % of these cases are 
accompanied by an injury outside of the neck zones [ 6 ]. In 
contrast, blunt injury to the carotid and vertebral arteries is 
rare, occurring in only 1 % of patients with blunt trauma to 
the face and head. The natural history of blunt neck injuries 
remains unclear, and the optimal treatment continues to 
evolve. Biffl e et al. proposed a grading scheme for the severity 
of blunt cerebrovascular injury [ 7 ]:
•    Grade I – intimal irregularity with <25 % narrowing  
•   Grade II – dissection with >25 % luminal narrowing  
•   Grade III – pseudoaneurysm  
•   Grade IV – occlusion  
•   Grade V – transection with extravasation    

  Fig. 23.1    CT scan without contrast showing a retroperitoneal hema-
toma ( RH )       

  Fig. 23.2    Algorithm for the treatment of a retroperitoneal bleed.  ATLS  
Advanced Trauma Life Support       
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 The ability to accurately describe and classify blunt 
cerebrovascular injuries will advance research efforts aimed 
at determining the best treatment strategy. 

 Carotid blowout syndrome (CBS) is a potentially fatal 
hemorrhagic complication that occurs in 3–4 % of patients 
with head and neck cancer [ 8 ]. The clinical severity for CBS 
has been classifi ed into three categories: acute, impending, 
and threatened [ 9 ]. Acute CBS involves complete rupture of 
the vessel with profuse hemorrhage not controlled with sur-
gical packing. The patient’s condition rapidly deteriorates if 
immediate resuscitation and stabilization is not achieved 
before defi nitive treatment. Impending CBS manifests as 
short episodes of sentinel hemorrhage that resolve spontane-
ously or with simple surgical packing. Despite the absence of 
uncontrollable hemorrhage, complete rupture of the vessel is 
certain. Threatened CBS describes exposure of the carotid 
artery as a result of wound breakdown or neoplastic invasion 
of the carotid system. Although hemorrhage has not yet 
occurred, rupture is inevitable if the exposed vessel cannot 
be promptly covered with healthy vascularized tissue.  

    Presentation 
 Patients with cervical hemorrhage can present with an 
external bleeding, an expanding hematoma, or a hemotho-
rax (Fig.  23.3 ). Approximately 15–20 % of patients are 

hypotensive, 15–20 % have external hemorrhage, and 30 % 
have a cervical hematoma [ 10 ]. Overt or potential airway 
compromise may be present due to a combination of direct 
compression and laryngeal edema. Neurological status 
should be determined as associated cerebrovascular injury 
is common and many patients with traumatic cervical bleed-
ing suffer from polytrauma. “Hard” signs that indicate a 
likely vascular injury include: expanding hematoma, active 
external hemorrhage from the wound site, a bruit or thrill 
over the wound, pulse defi cit, or distal ischemia presenting 
as a neurologic defi cit.

       Imaging 
 For traumatic neck injuries, the ATLS algorithm for imag-
ing based on injury location (zones 1, 2, or 3) should be 
followed [ 11 ]. For an immediate postsurgical    bleed, no 
imaging is required. For a delayed bleed, or hemorrhage 
after tumor resection (a potential carotid blowout), CT angi-
ography (CTA) and/or catheter-directed angiography is 
recommended.  

    Treatment 
 As with all hemorrhage, the ATLS algorithm should be fol-
lowed initially as a means of stabilizing and evaluating the 
patient. Temporary hemostasis can often be obtained with 

  Fig. 23.3    Duplex ultrasound showing a postoperative hematoma in two views ( arrow ) after line placement.  IJV  internal jugular vein,  CCA  com-
mon carotid artery       
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direct manual pressure. For traumatic neck injuries, the 
general consensus is to repair the common and internal 
carotid arteries. Ligation usually represents a damage control 
maneuver in patients with hemodynamic compromise or 
severe neurological defi cits. Figure  23.4  depicts a treatment 
algorithm for patients with cervical hemorrhage.

     Immediate Postoperative Hemorrhage 
 Patients with cervical bleeding in the immediate postopera-
tive period should undergo surgical reexploration. Intubation 
should be performed by the most experienced practitioner 
available under controlled conditions in the operating room. 
Active bleeding should be surgically repaired while quickly 
correcting any coagulopathy. Drains should be placed in the 
wound at the time of surgical reexploration, and intubation 
should be maintained postoperatively to protect the airway.  

   Endovascular Intervention 
 Endovascular therapy usually begins with an aortic arch arte-
riogram followed by selective catheterization of the arch ves-
sels. Active hemorrhage can be initially controlled with 
proximal balloon occlusion of the bleeding vessel. Defi nitive 
therapy can involve intraluminal placement of a stent graft to 
cover the injury or open exploration and surgical repair under 
balloon control. Bleeding from an arterial branch can be 
treated with selective coil embolization. If carotid occlusion 
is contemplated, contralateral carotid angiography is required 
to confi rm cerebral cross-fi lling.  

   Exploration for Penetrating Trauma 
 As with all exploration for hemorrhage, proximal vascular 
control prior to violating the hematoma or exploring the 
actual injury site is recommended if the anatomy and cir-
cumstances allow. If a defi nitive repair requires prolonged 
clamping of the internal carotid artery, placing an intralumi-
nal shunt can maintain cerebral perfusion. Key surgical prin-
ciples are aggressive debridement back to viable vessel wall 

and the use of autologous tissue to achieve a tension-free 
repair. The most common surgical repairs involve a vein 
patch angioplasty or vein interposition bypass graft.  

   Exploration for Carotid Blowout 
 Surgical intervention for CBS follows the same principles 
described above for traumatic cervical injuries, namely, 
proximal vascular control, intraluminal shunting, and vessel 
debridement with tension-free repair. In a reoperative surgi-
cal fi eld, and in the setting of previous neck radiation, endo-
vascular therapy has gained prominence as a defi nitive 
treatment or an adjunctive tool to facilitate surgical repair. 
As previously described, endovascular intervention can 
involve intraluminal balloon control, stent graft placement, 
coil embolization of arterial branches, or permanent carotid 
occlusion.   

    Outcomes 
 The current mortality rate in civilians with penetrating neck 
injuries ranges from 3 to 6 % [ 12 ]. Mortality rates for high 
velocity penetrating neck trauma have decreased from 11 % 
in World War I to 7 % in World War II to 3.7 % in the current 
confl icts [ 13 ]. Endovascular procedures for cervical traumas 
are independently associated with a 35 % reduction in mor-
tality risk [ 14 ]. Blunt carotid injury continues to carry a poor 
prognosis.   

    Groin Hemorrhage 

    Etiology 
 Common causes of groin hemorrhage include iatrogenic 
injury from arterial catheterization, infection with blowout, 
and penetrating trauma [ 15 ].  

    Presentation 
 Patients with groin hemorrhage can present with an external 
bleeding, an expanding hematoma, or a femoral artery pseu-
doaneurysm. Some patients present with signs and symp-
toms of acute limb ischemia, while victims of trauma often 
have other associated injuries. Wound breakdown or a sinus 
tract with or without purulent drainage suggests an infec-
tious etiology. These patients may describe a minor bleeding 
episode – “the sentinel bleed” – which heralds impeding 
major hemorrhage.  

    Imaging 
 For immediate postsurgical bleeding, no imaging is required. 
Likewise, hemodynamically unstable patients with groin 
hemorrhage do not require imaging before intervention. For 
hemodynamically stable patients, imaging choices include 
duplex ultrasound, CTA, and catheter-directed angiography. 
The ATLS algorithms provide guidance for imaging trau-
matic injuries.  

  Fig. 23.4    Algorithm for the treatment of a bleed in the neck       
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    Treatment 
 Active hemorrhage mandates immediate hemostatic maneu-
vers as delineated in the ATLS algorithm. Direct manual 
pressure can often provide temporary hemostasis, while 
arrangements for defi nitive therapy are made. A treatment 
algorithm for groin hemorrhage is shown in Fig.  23.5 .

     Immediate Postoperative Exploration 
 Postsurgical bleeding should be reexplored under con-
trolled conditions in the operating room. If the case is 
immediately postoperative, the same proximal site can be 
used for vascular control. All active bleeding should be 
addressed and surgically repaired while rapidly correcting 
coagulopathy. Closed suction wound drainage is recom-
mended postoperatively.  

   Endovascular Intervention 
 Angiography of the bleeding groin vessels should be per-
formed via percutaneous access through the contralateral 
femoral artery. Active hemorrhage can be initially controlled 
with balloon occlusion of the distal external iliac artery or 
proximal common femoral artery. Defi nitive therapy can 
involve placement of a stent graft or surgical exploration 
and open repair under balloon control. If arterial branches 
are bleeding, they can be selectively embolized to achieve 
hemostasis.  

   Exploration for Penetrating Trauma 
 Proximal control for groin hemorrhage may require retro-
peritoneal exposure of the external iliac artery or isolation of 
the proximal common femoral artery as it passes deep to the 
inguinal ligament. If defi nitive repair requires arterial clamp-
ing, shunt placement can be considered but is rarely neces-
sary unless a long delay in reconstituting antegrade fl ow is 

anticipated. Concomitant venous injuries may be repaired or 
ligated depending on the quality of the vessel remaining and 
the hemodynamic status of the patient. Lower extremity fas-
ciotomies to prevent compartment syndrome should be con-
sidered, especially in patients with traumatic injuries. As 
previously described, surgical principles mandate aggressive 
debridement of devitalized tissue and the use of autologous 
tissue for vascular reconstructions. Primary arterial repair 
can be performed if the defect is less than 2 cm and the edges 
can be brought together without tension. Vein patch angio-
plasty or an interposition, reversed vein graft is necessary if 
primary repair is inadvisable.  

   Exploration for Femoral Artery/Anastomotic 
or Pseudoaneurysm Bleeding 
 Surgical repair of anastomotic or pseudoaneurysm bleeding 
requires the same techniques previously described for treat-
ing penetrating traumatic injuries. The main difference in 
these clinical scenarios is the possibility of infection which 
could compromise the long-term integrity of a vascular 
reconstruction performed within the infected fi eld. If there is 
evidence or suspicion for infection, an extra-anatomic bypass 
may be required.   

    Outcomes 
 Mortality and morbidity related to groin hemorrhage vary 
depending on concomitant injuries and preexisting comor-
bidities. Although a delay in revascularization should be 
avoided, it is important to note that ischemic time does not 
correlate precisely with amputation risk nor is it the only fac-
tor that determines limb salvage [ 16 ].    

    Arterial Pseudoaneurysm: Diagnosis 
and Treatment Indications and Options 

    Etiology 

 A pseudoaneurysm (PSA) is an arterial rupture in which the 
bleeding is contained by the surrounding tissues. Blood 
fl ow exits through the arterial defect and swirls around 
within the pseudoaneurysm sac before returning to the 
artery through the same defect. Unlike a true aneurysm 
which has all three vessel wall layers, the borders of a PSA 
do not contain any layers of the arterial wall. PSA is a com-
mon complication of percutaneous invasive procedures, 
occurring in 0.1–0.2 % of diagnostic angiograms and 3.5–
5.5 % of interventional procedures [ 17 ]. Risk factors for the 
development of PSA are listed in Table  23.1 . Low or high 
puncture of the common femoral decreases the effective-
ness of manual compression resulting in a higher incidence 
of femoral pseudoaneurysm [ 18 ].

  Fig. 23.5    Algorithm for the treatment of a bleed in the groin       
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       Presentation 

 PSAs commonly present with pain and/or swelling in the 
groin after catheterization. Swelling from a large PSA or 
hematoma may lead to compression of nerves and vessels 
with associated neuropathy, venous thrombosis, claudication, 
or critical limb ischemia in rare cases. Pressure from the PSA 

can cause local skin ischemia leading to necrosis and infection. 
Physical fi ndings associated with PSA include a pulsatile 
mass, palpable thrill, and audible to-and-fro murmur or sys-
tolic bruit. In some cases, none of these physical fi ndings are 
present, and the patient presents with signs and symptoms of 
a retroperitoneal hematoma or hemorrhage. These patients 
have the highest risk for major complications and death.  

    Imaging 

 An arterial duplex ultrasound is the imaging modality of 
choice for diagnosing a femoral PSA with a sensitivity of 
94 % and a specifi city of 97 % [ 19 ] (Fig.  23.6 ). A compre-
hensive duplex ultrasound exam should document the size of 
the PSA, the degree of thrombus (if any) within the PSA cav-
ity, and the communication with the femoral artery including 
the blood fl ow velocity pattern within the artery. The com-
mon femoral vein should also be evaluated to detect high 
velocity fl ow which would suggest an arteriovenous fi stula. 

   Table 23.1    Risk Factors for arterial pseudoaneurysm   

 Antiplatelet agents (aspirin and clopidogrel) 
 Systemic anticoagulation 
 Large sheath size (greater than 8 Fr) 
 Age greater than 65 years 
 Hypertension 
 Obesity 
 Poor postprocedural compression 
 Simultaneous arterial and venous catheterization 
 History of peripheral arterial disease 
 Hemodialysis 
 Complex interventions with multiple sheath exchanges 

  Fig. 23.6    Duplex ultrasound showing a femoral pseudoaneurysm ( PA ) in two views with the right panel demonstrating the defect in the artery 
( arrow )       
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In many patients, the imaging quality of ultrasound dimin-
ishes above the inguinal ligament. Suspicion of a PSA origi-
nating from the external iliac artery should prompt evaluation 
with a CT scan (Fig.  23.7 ).

        Treatment 

 Small femoral PSAs less than 2 cm in diameter usually clot 
spontaneously and do not require treatment. Failure to 
thrombose spontaneously has been associated with concomi-
tant use of anticoagulation or antiplatelet agents [ 20 ]. Larger 
femoral PSAs usually warrant treatment to prevent subse-
quent complications including rupture or enlargement with 
compression of adjacent structures. Compression of the fem-
oral vein can result venous thrombosis, while femoral nerve 
compression can lead to muscle weakness and dysesthesia. 
A treatment algorithm for femoral PSA is shown in Fig.  23.8 .

      Compression 
 Compression can obliterate fl ow within the PSA and allow it 
to thrombose. Ultrasound guidance provides confi rmation 
that the PSA is being compressed while maintaining fl ow 
within the parent artery. Successful ultrasound-guided com-
pression can last 30–45 min which often strains the comfort 
level of the patient and the sonographer.  

    Ultrasound-Guided Thrombin Injection 
 Ultrasound-guided thrombin injection (1,000 units) has 
emerged as the most common treatment for PSA in stable 
patients. The technique involves percutaneous puncture of 
the PSA sac to deliver a small volume of thrombin. 
Thrombosis ensues when the thrombin makes contact with 
the blood in the PSA. Before pursuing this treatment option, 
a thorough diagnostic duplex ultrasound should demonstrate 
a long, small caliber communication to the feeding artery 
(the so-called neck of the PSA). Injecting thrombin into a 
PSA with a short, wide neck increases the risk of inducing 
acute thrombosis of the native artery.  

    Exploration 
 Hemodynamic instability warrants prompt resuscitation and 
surgical exploration. In most cases, proximal vascular con-
trol and defi nitive primary repair can be performed through a 
groin incision.   

    Outcomes 

 While PSA thrombosis occurs within seconds of thrombin 
injection, the mean time required for ultrasound-guided 
compression is 30 min. Compression for PSA has fallen out 
of favor because of its relatively high failure rate and the fact 
that it is a labor-intensive procedure. A cost analysis shows 
that thrombin treatment saves vascular laboratory resource 
use but does not reduce overall hospital expenditures [ 21 ].   

    Aortoenteric Fistula: Diagnosis (Clinical 
and Imaging Findings), Management 
Priorities, and Treatment Options 

    Etiology 

 An aortoenteric fi stula (AEF) is a communication between 
the aorta and adjacent bowel, which can occur at the level of 
the esophagus, duodenum, or small bowel. These fi stulae 
can be primary or secondary depending on whether they 
form spontaneously or after previous surgery, respectively. 
Primary AEFs have a prevalence of 0.04–0.07 % and most 
commonly (83 % of cases) occur between the aorta and the 
third and fourth parts of the duodenum due to an atheroscle-
rotic abdominal aortic aneurysm (AAA) [ 22 ] (Fig.  23.9 ). 

  Fig. 23.7    CT scan with contrast showing a common femoral artery 
pseudoaneurysm ( arrow )       

  Fig. 23.8    Algorithm for the treatment of an uninfected femoral 
pseudoaneurysm       
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Other causes of primary AEF include esophageal cancer and 
mycotic aneurysms due to  Staphylococcus  infections [ 23 ]. 
Secondary AEFs occur after prior aortic surgery and compli-
cate approximately 1.7 % of ruptured AAA repairs and 0.2 % 
of open elective AAA repairs. Vollmar and Kogel classifi ed 
AEF as type I for direct aortoenteric communication, type IA 
and type IB as the absence or presence of a pseudoaneurysm, 
respectively, and type II as graft enteric erosion [ 24 ].

       Presentation 

 The classic clinical triad of AEF consists of gastrointestinal 
(GI) bleeding, sepsis, and abdominal pain; however, the 
majority of patients with AEF do not have all three fi ndings. 
GI bleeding in the form of hematemesis, hematochezia, 
melena, or chronic anemia is the most common presentation. 
Most patients present with a sentinel or herald bleed which 
foreshadows a potentially massive hemorrhage. A large por-
tion of patients rebleed within 24 h of a herald bleed with 
reported mortality rates ranging from 14 to 46 % [ 25 ]. Less 
common presentations of AEF include sepsis alone, particu-
larly when there are paraprosthetic enteric sinuses, and sep-
tic emboli to the legs.  

    Imaging 

 Contrast-enhanced CT scan is the imaging modality of 
choice to diagnose an AEF (Fig.  23.9 ). Fluid or gas collec-
tions around the aortic prosthesis (beyond 2–3 months after 
implantation) suggest an infection. Other radiographic signs 
of a vascular infection include false aneurysm formation, 

loss of normal retroperitoneal tissue planes, and vertebral 
osteomyelitis in a patient with an aortic graft. CT-guided 
aspiration is being increasingly used to differentiate a peri-
graft abscess from a seroma. Technetium (Tc)-99m-labeled 
white blood cells and indium (In 111) or gallium scintigrams 
are commonly used along with magnetic resonance imaging 
(MRI) and CT to defi ne the extent of graft involvement. 
Positive predictive value of the functional imaging scans 
ranges from 80 to 90 % in the detection of graft infection 
[ 26 ]. Only 50 % of AEFs can be diagnosed by cross- sectional 
imaging modalities alone [ 27 ].  

    Treatment 

 The main treatment goal for AEF is to eradicate the infec-
tion while preserving blood fl ow to the target organs or 
limbs [ 28 ]. Figure  23.10  shows a treatment algorithm for 
patients with AEF.

     Excision and Extra-anatomic Bypass 
 The most common clinical scenario involves a patient with a 
prosthetic aortic graft who develops a secondary AEF. If the 
patient is hemodynamically stable, surgery can be performed 
in two stages. During the fi rst stage, an axillobifemoral 
bypass is performed originating from the right axillary 
artery. The proximal left femoral artery is ligated to prevent 
competitive fl ow from the pelvis. The next day, a midline 
laparotomy or left retroperitoneal approach provides expo-
sure to excise the prosthetic aortic graft and oversew the 
native aortic stump. Wide debridement of the retroperito-
neum and placement of closed suction drains ensures elimi-
nation of the infection. An omental fl ap placed over the 
native aortic stump provides tissue separation from the over-
lying small bowel and duodenum. The next step involves 
repairing the intestinal injuries. Some surgeons perform 

  Fig. 23.9    CT scan showing an air pocket on the anterior surface of a 
limb of an aortobiiliac bypass graft ( white arrow ) at the level of the 
duodenum. The inset shows exposed Dacron ( yellow arrow ) in the duo-
denal lumen       

  Fig. 23.10    Algorithm for the treatment of an aortoenteric fi stula. 
 Ax-Bifem  axillobifemoral bypass       
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duodenal exclusion and a loop gastrojejunostomy to bypass 
the injured duodenum. A feeding jejunostomy tube is usually 
placed to facilitate postoperative enteral nutrition. 

 If the patient is hemodynamically unstable, graft excision 
and extra-anatomic bypass must be performed as part of the 
same operation. Emergent repair of an AEF uses the same 
techniques and exposure as an open repair of a ruptured AAA. 
Proximal and distal vascular control allows for excision of the 
prosthetic graft. After repairing the small bowel or duode-
num, the abdomen is closed, and an axillobifemoral bypass is 
constructed to restore lower extremity perfusion.  

   In Situ Interposition Bypass 
 In situ replacement of the infrarenal aorta can be performed 
with autologous femoral veins, cryopreserved arterial tissue, 
or rifampicin-soaked Dacron gel grafts. The neoaortoiliac 
system (NAIS) technique harvests the femoral vein from 
both thighs to replace infected aortobiiliac or aortobifemoral 
bypass grafts. Graft excision and replacement with cryopre-
served or rifampicin-soaked Dacron is performed as a single- 
stage surgery with wide debridement of the retroperitoneum 
and placement of an omental fl ap over the new grafts.  

   Endovascular Exclusion 
 The rise of endovascular therapy has introduced the tech-
nique of endovascular exclusion to treat primary AEFs. Case 
reports and small series have described thoracic aortic stent 
graft placement for aortoesophageal fi stulae and abdominal 
aortic stent graft placement for AEFs. The feasibility of 
endovascular intervention for secondary AEFs depends on 
the local anatomy and landing sites. Although endovascular 
exclusion offers a dramatically less invasive treatment option 
for AEFs, it deviates from the core surgical principle of 
eliminating the source of infection. Infection can persist 
after endovascular repair since the prosthetic graft is not 
removed, the intestinal injury is not repaired, and the sur-
rounding tissue is not debrided or drained. Most vascular 
surgeons consider endovascular exclusion as a temporizing 
measure for the hemodynamically unstable patient. Placing 
the stent graft can stop the bleeding allowing time to resus-
citate the patient and plan for removal of the infected graft 
and defi nitive revascularization. Foregoing a second stage 
and leaving the endograft in place may be the only reason-
able treatment strategy in severely debilitated patients who 
would not survive graft removal surgery. In these rare cases, 
the patient is usually maintained on lifelong suppressive 
antibiotics.   

    Outcomes 

 For in situ Dacron graft replacement, patients have a 30-day 
operative mortality of 17 % [ 29 ]. A 30-day mortality for all 
cryopreserved arterial grafts is 7.5 % [ 30 ]. 

 The NAIS procedure has a 30-day mortality of 10 % and 
a procedure-related mortality of 14 %. Multivariate analysis 
of patients undergoing the NAIS procedure identifi ed several 
independent risk factors for perioperative death including: 
preoperative sepsis, ASA class 4, and microbial cultures 
with  Candida  species or gram-negative bacteria. Cumulative 
primary patency of the reconstructed aortoiliac system was 
60–80 % at 72 months; secondary/assisted primary patency 
was 70–90 %, and limb salvage at 72 was 60–90 %. The 
overall 5-year survival was less than 50 % [ 31 ]. 

 Relatively small case series have reported 30-day mortal-
ity rates of 0–10 % after endovascular stent graft placement 
for secondary AEF involving the thoracic or abdominal aorta 
[ 32 ]. Within 12 months, over half of the patients who sur-
vived the initial surgery showed signs of reinfection and 
required reoperation despite ongoing antibiotic treatment 
[ 33 ]. These results reinforce the principle that endovascular 
therapy for AEF should be viewed as a temporizing measure 
to stop exsanguination and allow preparation for defi nitive 
graft excision.   

    Infected Bypass Graft: Pathophysiology, 
Diagnosis (Clinical and Imaging Findings), 
and Treatment Principles 

    Etiology 

 Vascular prosthetic graft infections occur in approximately 
1–5 % of patients, including early and late clinical presenta-
tion. The incidence of infection depends on the anatomic site 
with hemodialysis grafts and infrainguinal grafts having the 
highest infection rates. Vascular infections occur more com-
monly in groin incisions (60 % of cases), in subcutaneously 
tunneled grafts, and in grafts placed under emergency condi-
tions (e.g., acute limb ischemia). Groin wounds can be cate-
gorized as superfi cial infections without exposed vascular 
graft or suture line (Szilagyi I) or deep infections without 
(Szilagyi II) or with (Szilagyi III) exposed vascular graft or 
suture line [ 34 ]. Vascular infections can also be classifi ed in 
terms of appearance time as early (less than 4 weeks after 
graft implantation) or late (greater than 4 weeks). 

 Variables that determine the risk of vascular graft infec-
tion include: the patient’s comorbidities and immune status, 
the type of procedure, the coexistence of other infl ammation 
sites, the type of perioperative prophylactic antibiotics, and 
the length of hospital stay. Infection rates increase with reop-
erative surgery, long operative times, breaks in sterile surgi-
cal technique, and postoperative complications (such as 
hematoma, graft thrombosis). Infections affect autogenous 
vein bypass grafts and native fi stulae at a signifi cantly lower 
rate than that of prosthetic grafts. Extremely low rates of 
infection (0.5 %) have also been reported after percutaneous 
balloon angioplasty and stenting [ 35 ].  
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    Presentation 

 Infected bypass grafts may present as a fever of unknown 
origin, purulent drainage from an incision, swelling over a 
previous anastomotic site, or graft occlusion with resultant 
ischemia. Some graft infections cause anastomotic dehis-
cence leading to acute pseudoaneurysm formation and bleeding. 
In a patient with a vascular graft and a fever, bleeding from 
an incision can represent a sentinel bleed indicating underly-
ing infection. Although blood cultures are rarely positive 
(less than 5 %), the presence of bacteremia along with high 
fever indicates advanced infection and sepsis. Multivariate 
predictors of infections after bypass surgery include female 
gender, obesity, chronic obstructive pulmonary disease, 
hemodialysis, preoperative hyponatremia, and length of 
operation (greater than 4 h) [ 36 ].  

    Imaging 

 Duplex ultrasound can evaluate the bypass graft for signs 
suggesting a vascular infection including the presence of a 
pseudoaneurysm and perigraft fl uid. A contrast CT scan or 
CT angiography demonstrates the extent of infection and 
provides images of the infl ow and runoff vessels (Fig.  23.11 ). 
It is important to note that normal imaging studies do not 
preclude the presence of vascular graft infection. Purulent 
drainage in proximity to a vascular graft requires exploration 
even in the absence of bleeding, pseudoaneurysm formation, 
and abnormal sonographic or CT fi ndings.

       Treatment 

 Defi nitive treatment for a vascular graft infection involves 
complete removal of the bypass graft with debridement 
and drainage of the perigraft tissue. The morbidity associ-
ated with this approach including frequent limb loss 
spurred interest in techniques aimed at treating the infection 
without sacrifi cing the entire graft and risking amputation. 
Determining which patients are appropriate for graft preser-
vation can be challenging. Selective management of infrain-
guinal graft infection involves a careful examination of the 
clinical situation and the application of several important 
principles:
    1.    Graft preservation can be attempted when the graft is 

patent, the anastomosis is intact, and the patient is not 
septic.   

   2.    Graft excision is mandatory when the patient has a throm-
bosed infected graft, anastomotic or graft hemorrhage, or 
signifi cant systemic sepsis.   

   3.    Graft preservation can be attempted in both vein and 
polytetrafl uoroethylene (PTFE) grafts, but is not advised 
for Dacron grafts.   

   4.    Delayed hemorrhage and continued systemic sepsis rep-
resent early failures of graft preservation and mandate 
graft excision.   

   5.    Although revascularization can be accomplished through 
the infected bed, an extra-anatomic reconstruction using 
alternative exposure of the infl ow and outfl ow vessels is 
generally prudent.     
 The decision to preserve the bypass graft or proceed with 

an in situ reconstruction should be tempered by the extent 
and virulence of the underlying infection, especially when 
 Pseudomonas aeruginosa  is the pathologic organism [ 23 ]. In 
general, patients, who have gram-negative pathogens or 
 Staphylococcus aureus  (including methicillin resistant) iso-
lated, require conventional graft excision and extra-anatomic 
bypass. In contrast, a prosthetic infection secondary to 
 Staphylococcus epidermidis  can be managed with less exten-
sive procedures which can include segmental resection and 
in situ replacement with antibiotic-bonded prostheses. A 
treatment algorithm for vascular graft infection is shown in 
Fig.  23.12 .

     Exploration 
 The wound should be explored with provisions for proximal 
vascular control and rapid transfusion. If there has been a 
sentinel bleed or acute hemorrhage, then proximal control 
should be secured before exploring the primary wound. If the 
decision to perform extra-anatomic bypass has already been 
made based on preoperative data, then wound exploration 
should be performed after completing the new bypass.  

  Fig. 23.11    CT scan showing perigraft fl uid collection ( arrow ) in a 
patient with systemic sepsis       
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   Debridement 
 Full and complete debridement of skin, subcutaneous tissue, 
muscle, and the infected vessels should be performed to 
eradicate the infection. The extent of purulence and severity 
of infection should dictate the scope of debridement.  

   Antibiotic Beads 
 Antibiotic beads consisting of polymethylmethacrylate 
cement mixed with two antibiotics can be placed in the 
wound in an attempt to sterilize it and allow for graft 
preservation. The beads are then replaced every 2 days 
until serial deep wound cultures show no growth, and 
then a muscle flap should be considered. Using this pro-
tocol, wound sterilization based on cultures was achieved 
in over 90 % of cases, and the reinfection rate was 
10–20 % [ 37 ].  

   Negative Pressure Wound Therapy (NPWT) 
 NPWT has been used in a variety of settings to stimulate 
granulation tissue, decrease edema, and accelerate wound 
closure. Data suggests that NPWT can also be used in vascu-
lar surgical wounds after aggressive debridement and steril-
ization of the wound. In selected patients, NPWT can help 
achieve graft preservation rates as high as 70 % [ 38 ]. Despite 
these promising reports, the use of NPWT can trigger life- 
threatening bleeding from the nearby vascular graft. To 
reduce this hemorrhagic risk, a tissue layer such as a muscle 
fl ap should be interposed between exposed vessels or grafts 
prior to placing the negative pressure device. NPWT may 
also not be appropriate for wounds with gross infection, 
pseudoaneurysm, lack of hemostasis, or weakened or irradi-
ated vessels [ 39 ].  

   Muscle Flaps 
 The two most common muscle fl aps used to cover wounds 
after treatment of an infected graft are the sartorius and the 
rectus femoris. After the initial exploration and drainage, 
wounds with necrotic tissue may require serial surgical 
debridements, antibiotic beads, NPWT, or wet-to-dry dress-
ing changes. Small wounds can be covered with a turnover 
sartorius fl ap, while a muscle or musculocutaneous rectus 
femoris fl ap is more appropriate for larger wounds. Most 
plastic surgeons cite the advantages of a rectus femoris fl ap 
over the sartorius muscle for vascular wound coverage. The 
rectus femoris muscle has an axial blood supply that enters 
the muscle superiorly and originates from the profunda fem-
oral artery. In contrast, the sartorius muscle has a segmental 
blood supply originating from the often diseased superfi cial 
femoral artery.  

   Graft Excision 
 Hemorrhage, pseudoaneurysm, and gross infection usually 
mandate complete graft excision. Proximal and distal vascu-
lar control should be obtained and care taken to preserve the 
proximal profunda femoral artery. Graft excision is best per-
formed after revascularization unless ongoing bleeding from 
the graft requires immediate intervention.  

   Revascularization Options 
  New Bypass : Graft excision and placement of a new bypass 
at sites distant from the original bypass has proven to be an 
effective treatment for vascular infections. Most new bypass 
conduits are autogenous vein or cryopreserved tissue. Ideally, 
the procedure can be staged with the new bypass placed 
before excising the infected bypass graft. 

  Fig. 23.12    Algorithm for the 
treatment of an infected bypass 
graft.  NPWT  negative pressure 
wound therapy       
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  In Situ Replacement : In situ replacement can be performed 
with autogenous tissue (great saphenous or femoral vein), 
cryopreserved arterial/venous tissue, or rifampicin- soaked 
Dacron. This technique is most commonly performed for 
femoral infections or focal infections involving a vein bypass 
graft. If the infected bypass originates from the femoral 
artery but the native artery is intact, a vein patch can be used 
to repair the vessel. 

  Extra-anatomic Bypass : Two extra-anatomic bypasses 
can be used to revascularize the lower extremity after remov-
ing an infected bypass graft.
•    Transobturator bypass: originates on the external iliac 

artery and passes through the obturator foramen to the 
distal femoral vessels.  

•   Axillofemoral/popliteal bypass: begins on the ipsilateral 
axillary artery and terminates on the superfi cial femoral, 
profunda femoral, or popliteal artery.    
 Both bypasses route blood fl ow around the infected groin 

to restore distal circulation. Choices of conduit include 
PTFE, rifampicin-soaked Dacron, or cryopreserved  arterial/
venous tissue. 

  Endovascular Recanalization : If time permits and the 
infected graft is a bypass, it may be possible to recanalize the 
native vessels using an endovascular approach. Restoring 
some or all circulation can avoid the need for a new bypass. 
Balloon angioplasty alone is preferred as stents may become 
infected.   

    Outcomes 

 Morbidity and mortality, the likelihood of long-term limb 
salvage, and the risk of persistent or recurrent infection vary 
depending on the treatment strategy. In a large historical 
series, the reported rates for postoperative amputation and 
mortality were 40 and 18 %, respectively [ 40 ].   

    Conclusion 

 The aging population and high prevalence of atherosclerosis 
suggest that the number of patients undergoing vascular pro-
cedures will continue to increase. Unfortunately, advances in 
endovascular technology and minimally invasive surgery will 
never eliminate the possibility of complications. Hemorrhage 
or infection following a vascular intervention can have dev-
astating consequences that demand prompt recognition 
and swift action. This chapter focuses on the most common 
vascular surgery complications including hemorrhage in the 
retroperitoneum, neck, and groin; pseudoaneurysms; aorto-
enteric fi stulae; and infected lower extremity bypass grafts. 
Treatment algorithms provided throughout the chapter out-
line a rational, stepwise approach to managing each of these 
potentially life- or limb-threatening conditions.     
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 epidemiology , 302  
 history , 305  
 medical management , 304  
 open surgical treatment , 304  
 pathophysiology , 302–303  
 thoracic/abdominal aorta , 302  

 TAI 
 bird-beak effect , 308  
 clinical outcomes , 306  
 computed tomography angiography , 309  
 diameter , 308  
 history , 306  
 initial evaluation and imaging , 306  
 minimal aortic injury , 307  
 mortality and paraplegia rates , 306  
 potential complications , 309  
 preoperative planning , 307–308  
 thoracic stent graft , 309  
 time course , 306  
 vascular access , 309  

   Aortoenteric fi stula (AEF) 
 clinical presentation , 336  
 endovascular therapy , 337  
 etiology , 335–336  
 excision and extra-anatomic bypass , 336–337  
 imaging , 336  
 in situ interposition bypass , 337  
 outcomes , 337  
 treatment , 336  

   Arterial occlusive disease 
 carotid artery stenosis 

 clinical presentation and symptomatic patients , 287–288  
 computed tomographic angiography , 288–289  
 digital subtraction angiography , 288  
 duplex ultrasound , 288  
 magnetic resonance angiography , 288–289  
 NASCET method , 288  
 treatment , 289–290  

 mesenteric ischemia 
 computed tomography angiography , 291  
 duplex ultrasound , 290  
 embolism and thrombosis mechanisms , 290  
 treatment , 291  

 renal artery stenosis 
 clinical presentation , 292  
 diagnosis , 292–293  
 prevalence , 292  
 treatment , 293  

   Arteriotomy , 40, 51–53  
   Arteriovenous hemodialysis access 

 access types , 259  
 advantages and disadvantages , 257–258  
 anastomosis , 258  

 anesthesia , 258  
 axillary loop graft , 265  
 fi stula/graft type , 256, 257  
 FVT , 265  
 GSV , 265  
 heparin , 258  
 HeRO device , 265  
 history , 255, 256  
 mid-thigh graft , 265  
 necklace graft , 265  
 physical examination , 255–256  
 prosthetic grafts 

 femoral loop graft , 264  
 forearm loop graft , 263–264  

 radial-basilic fi stula , 260–261  
 radial-cephalic fi stula , 260, 261  
 surgical exposures 

 brachial artery and vein , 258, 259  
 femoral artery and vein , 259, 260  
 radial artery , 258  

 thrill/pulse rate , 258  
 time interval , 255  
 tunneling , 258  
 ultrasound vein mapping , 256, 257  
 upper arm fi stulas 

 brachial-basilic fi stula , 262  
 brachial-cephalic fi stula , 261–262  
 brachial-median antecubital vein fi stula , 262–263  

 venography , 256  
   Autonomic neuropathy , 72  

    B 
  Behcet’s disease , 323  
   Below knee amputation 

 fi shmouth incision , 124, 126  
 meticulous hemostasis , 124  
 popliteal neurovascular bundle exposure , 125, 128  
 posterior fl ap closure , 125, 128  
 skin quality , 124  
 soleus muscle excision , 126, 128  
 transverse skin incision , 124, 127  
 2/3–1/3 rule , 124  
 wound closure , 127, 129  

   Beta-lactam antibiotics , 76  
   Bleeding complications 

 acute hemorrhage , 267, 268  
 anemia , 267–268  
 anticoagulation , 145  
 conjugated estrogens , 268  
 diagnosis , 268  
 dialysis , 267  
 diffuse oozing , 267  
 platelet dysfunction impairs , 267  
 recombinant erythropoietin , 268  
 safe and effective hemostatic agent , 268  
 therapeutic and prophylactic role , 268  
 ulcerated skin ulcer , 268, 269  
 uremic coagulopathy , 268  

   Blunt cerebrovascular injury 
 carotid dissection , 205, 208  
 clinical presentation , 203  
 diagnostic imaging , 205  
 evaluation and management , 203  
 grading system , 204, 205  
 Horner syndrome , 204  
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 incidence , 203  
 mechanisms , 203–204  
 mortality rates , 203  
 neurological defi cits , 204  
 risk factors , 204  
 screening , 204  
 signs and symptoms , 203  

   Bone biopsy , 73  
   Brachial artery embolectomy , 38, 52–53  

    C 
  Carbapenem antibiotics , 76  
   Carotid artery occlusive disease , 3  
   Carotid artery stenosis (CAS) 

 clinical presentation and symptomatic patients , 
287–288  

 computed tomographic angiography , 288–289  
 digital subtraction angiography , 288  
 duplex ultrasound , 288  
 magnetic resonance angiography , 288–289  
 NASCET method , 288  
 treatment , 289–290  

   Carotid blowout syndrome (CBS) , 331, 332  
   Carotid duplex ultrasound 

 follow-up , 6  
 indications , 6  
 limitations , 6  
 parameters , 7  
 result interpretation , 7, 8  

   CAS.    See  Carotid artery stenosis (CAS) 
   Catheter-directed thrombolyis (CDT) , 142, 143, 164  
   Catheter-related infections (CRI) 

 bloodstream infections , 249  
 incidence , 248  
 low maintenance and relatively durable solution , 248–249  
 pathogenesis , 248  
 physical properties , 248  
 risks , 248  
 treatment strategy , 249  

   Ceftobiprole , 76  
   Cellular anoxia , 55–56  
   Central venous access (VA) 

 acute complications 
 air embolism , 245–246  
 catheter malposition , 247  
 foreign body embolism , 246  
 inadvertent arterial catheter placement , 246–247  
 pneumothorax , 248  
 vessel perforation , 246–247  

 contraindications , 237  
 delayed complications 

 CRI , 248–249  
 thrombotic complications , 249–250  
 venous stenosis , 249  

 indications , 237  
 internal jugular vein 

 central venous line , 241–242  
 chest port insertion , 242–243  
 tunneled catheter insertion , 243  

 patient preparation 
 informed consent , 240, 241  
 monitoring , 240–241  
 patient position , 241  
 sterile technique , 241  
 ultrasound , 241  

 single/multi-lumen catheters , 238  

 subclavian vein 
 femoral vein , 245  
 infraclavicular approach , 243–244  
 supraclavicular approach , 244–245  

 tunneled and non-tunneled catheters , 238  
 vascular access site selection 

 advantages , 238  
 alternative venous access , 240  
 disadvantages , 238  
 femoral vein approach , 239–240  
 internal jugular vein approach , 238, 239  
 subclavian vein approach , 238, 239  

   Cervical hemorrhage 
 carotid blowout , 332  
 clinical presentation , 331  
 endovascular intervention , 332  
 etiology , 330–331  
 imaging , 331  
 immediate postoperative period , 332  
 outcomes , 332  
 penetrating trauma , 332  

   Charcot foot , 72, 74  
   Chopart’s amputation , 128–129  
   Chronic mesenteric ischemia (CMI) 

 computed tomographic angiography , 291  
 duplex ultrasound , 290  
 embolism and thrombosis mechanisms , 290  
 treatment , 291  

   Chronic venous insuffi ciency (CVI) 
 anatomy and physiology , 157–158  
 clinical presentation , 159  
 diagnosis 

 atrophie blanche appearance , 159  
 chronic venous ulcer , 159, 160  
 invasive testing , 160–161  
 noninvasive testing , 160  
 pitting edema , 159–160  
 Trendelenburg/tourniquet test , 160  

 incidence , 157  
 interventional therapy , 162  
 noninterventional therapy , 161–162  
 pathophysiology , 158–159  
 PTS 

 defi nition , 157  
 diagnosis , 163  
 pathophysiology , 163  
 permanent obstruction and valvular damage , 162  
 prevention , 163–164  
 treatment , 164  

   Cilostazol , 92, 94, 112–113  
   CLI.    See  Critical limb ischemia (CLI) 
   Compartment syndrome (CS) 

 acute limb compartment syndrome , 55, 56  
 clinical diagnosis 

 with altered sensorium , 58  
 “Delta-P” system , 58  
 fi ve Ps , 57  
 intracompartmental pressure monitor system , 58  
 noninvasive techniques , 58  
 pain , 57  
 pressure threshold , 58  
 slit catheter technique , 58  
 wick catheter technique , 58  

 defi nition , 55  
 epidemiology/risk factors , 55–56  
 pathophysiology , 55–56  
 treatment , 59  
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   CRI.    See  Catheter-related infections (CRI) 
   Critical limb ischemia (CLI) 

 clinical manifestations 
 gangrene , 102  
 intermittent claudication , 101  
 ischemic ulcer , 102  
 rest pain , 101–102  

 diagnosis 
 cardiac risk stratifi cation , 105–106  
 clinical history , 103  
 computed tomographic angiography , 104–105  
 contrast angiography , 105  
 duplex ultrasound , 104  
 magnetic resonance angiography , 105  
 noninvasive vascular screening studies , 103–104  
 physical examination , 103  
 pre-intervention imaging , 104  

 treatment 
 algorithm for , 106  
 aortoiliac (suprainguinal) revascularization , 108–110  
 clinical surveillance , 114  
 infrainguinal revascularization , 110–112  
 medical therapy , 107  
 patient outcomes , 114–115  
 pharmacologic therapy , 112–113  
 revascularization , 107–108  
 therapeutic angiogenesis , 114  
 wound care , 113–114  

   CVI.    See  Chronic venous insuffi ciency (CVI) 

    D 
  Daptomycin , 75–76  
   Deep venous thrombosis (DVT) 

 acquired risk factors 
 antiphospholipid antibodies , 137  
 drugs , 137  
 immobilization , 137  
 malignancy , 136  
 May-Thurner syndrome , 137  
 outpatient prospective cohort study , 137  
 Paget-Schroetter syndrome , 138  
 pregnancy , 137  
 surgery , 136–137  
 trauma , 137  

 bleeding complications , 145  
 diagnosis 

 clinical assessment , 138  
  D -dimer tests , 139  
 phlebography and venography , 139  
 venous duplex ultrasound , 138–139  

 genetic risk factor , 136  
 HIT , 145–146  
 PCD , 143–144  
 postthrombotic morbidity , 144–145  
 pulmonary embolism , 135  
 treatment 

 anticoagulation , 139–140  
 calf vein thrombosis , 140  
 CDT , 142  
 femoral vein thrombosis , 140  
 iliofemoral , 140–141  
 pharmacomechanical thrombolysis , 142  
 popliteal vein thrombosis , 140  
 randomized trials , 143  
 surgical venous thrombectomy , 141  
 thrombus removal , 141  

   Diabetic foot infections.    See also  Osteomyelitis 
 antibiotic therapy 

 beta-lactam inhibitors , 76  
 carbapenem , 76  
 ceftobiprole , 76  
 course duration , 76–77  
 daptomycin , 75  
 infl ammatory markers , 77  
 linezolid , 75  
 nafcillin/oxacillin , 75  
 parenteral  vs.  oral , 76  
 quinolones , 76  
 tigecycline , 76  
 vancomycin , 75  

 diagnosis of 
 bone biopsy , 73  
 erythrocyte sedimentation rate (ESR) , 73  
 magnetic resonance imaging , 74  
 plain X-ray , 73, 74  
 technetium radionuclide bone scans , 74  

 IWGDF/IDSA classifi cation system , 72–73  
 microbiology 

 bacterial colonization , 73  
 beta-hemolytic streptococci , 73  
 infected  vs.  colonized wounds , 73  
 pathogens  vs.  colonizers , 73  
  Staphylococcus aureus  , 74  
 wound cultures , 73  

 physical examination , 72  
 risk factors 

 immune dysfunction , 71  
 ischemia , 71  
 neuropathy , 71  

 surgical therapy 
 cellulitis , 77, 78  
 conservative surgery , 79  
 negative pressure wound therapy , 79  
 plantar-based incisions , 77  
 revascularization , 79  
 vacuum assisted closure therapy , 79  

   Diabetic neuropathy , 71  
   Diagnosis 

 history and physical examination 
 aneurysms , 4–5  
 cardiovascular risk factors , 5–6  
 carotid artery occlusive disease , 3  
 with chronic kidney disease , 5  
 K-DOQI guidelines , 5  
 PAD , 3–4  
 venous disease , 5  

 imaging   ( see  Imaging) 
   Digital amputation , 123  
   Distal revascularization-interval ligation (DRIL) , 272–274  
   DVT.    See  Deep venous thrombosis (DVT) 
   Dyslipidemia , 5, 86, 103  

    E 
  Endovenous heat-induced thrombus (EHIT) , 176–177  
   Ertapenem , 75, 76  
   Erythrocyte sedimentation rate (ESR) , 73, 315, 321  
   Extremity vascular injury 

 epidemiology , 223  
 hemorrhage control , 224  
 initial evaluation and management , 223–224  
 MESS , 227  
 nonvascular structures , 226  

Index



347

 physical examination , 224–225  
 PSI , 227  
 repair 

 defi nitive vascular repair , 231–232  
 femoral artery dissection , 231  
 post-repair assessment , 232  
 proximal and distal control , 231  
 reestablish extremity perfusion , 232  
 repair coverage , 233  
 vascular reconstruction , 232  

 stable patient , 228–229  
 surgical exposure 

 axillary artery , 229  
 brachial artery , 230  
 femoral artery , 230  
 popliteal artery , 230–231  
 radial and ulnar arteries , 230  
 tibioperoneal trunk , 231  

 unstable patient 
 damage control/staged approach , 227  
 temporary intravascular shunts , 227–228  

 vascular imaging , 225–226  

    F 
  Fasciotomy.    See also  Compartment syndrome (CS) 

 anatomic distribution , 56, 57  
 complications , 65  
 forearm and hand , 66  
 incidence , 56, 57  
 lower leg 

 lateral incision , 61–62  
 medial incision , 63–64  
 midportion, cross-sectional anatomy , 59, 60  
 two-incision four-compartment fasciotomy , 59  

 thigh , 66  
 wound care , 64–65  

   Femoral access anastomosis , 42–43  
   Femoral artery embolectomy 

 arteriograms , 52  
 arteriotomy , 32, 51  
 bifurcation , 32, 51  
 bloodshot eye appearance , 51  
 Fogarty embolectomy catheter , 51, 52  
 longitudinal/oblique incision , 51  
 multiple digital subtraction , 52  
 standard vertical incision , 32, 51  

   Femoral vein transposition (FVT) , 265  
   Fibromuscular dysplasia (FMD) , 323–324  

    G 
  Giant cell arteritis (GCA) , 322–323  
   Great saphenous vein (GSV) 

 diameter , 172  
 endovenous ablation , 175  
 ligation , 154  
 tumescent anesthesia , 175  
 winking eye appearance , 171  

    H 
  Hemodialysis access-induced distal ischemia (HAIDI) 

 banding , 272, 273  
 classifi cation of , 271  
 clinical diagnosis , 272  
 DRIL , 272–274  

 incidence , 271  
 ligation , 272–273  
 MILLER procedure , 273  
 pathophysiology , 271  
 physical examination , 272  
 proximalization of arterial infl ow , 272, 274–275  
 RUDI , 272, 274–275  
 steal syndrome , 272  
 symptoms , 272  

   Hemodialysis Reliable Outfl ow (HeRO) Device , 265  
   Hemorrhage 

 AEF 
 clinical presentation , 336  
 endovascular therapy , 337  
 etiology , 335–336  
 excision and extra-anatomic bypass , 336–337  
 imaging , 336  
 in situ interposition bypass , 337  
 outcomes , 337  
 treatment , 336  

 cervical hemorrhage 
 carotid blowout , 332  
 clinical presentation , 331  
 endovascular intervention , 332  
 etiology , 330–331  
 imaging , 331  
 immediate postoperative period , 332  
 outcomes , 332  
 penetrating trauma , 332  

 groin hemorrhage 
 anastomotic/pseudoaneurysm bleeding , 333  
 clinical presentation , 332  
 endovascular intervention , 333  
 etiology , 332  
 femoral artery , 333  
 imaging , 332  
 immediate postoperative exploration , 333  
 outcomes , 333  
 penetrating trauma , 333  

 PSA 
 clinical presentation , 334  
 compression , 335  
 exploration , 335  
 imaging , 334–335  
 outcomes , 335  
 risk factors , 333, 334  
 treatment , 335  
 ultrasound-guided thrombin injection , 335  

 RPH 
 clinical presentation , 329  
 conservative therapy , 329–330  
 endovascular intervention , 330  
 etiology , 329  
 exploration , 330  
 imaging , 329, 330  
 outcomes , 330  

   Hemostatic disorders 
 anticoagulant activity 

 AT defi ciency , 313–314  
 protein C defi ciency , 314  
 protein S defi ciency , 314  

 antiphospholipid antibody syndrome , 315  
 cancer , 315  
 clinical management , 316  
 HIT , 316  
 optimal duration , 316–317  
 pregnancy , 316  
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 Hemostatic disorders (cont.) 
 procoagulant activity 

 elevated factors , 315  
 factor V Leiden , 314–315  
 hyperhomocysteinemia , 315  
 prothrombin gene mutation , 315  

 testing , 313, 314, 317  
 thromboprophylaxis , 316  
 venous thromboembolic , 313, 314  

   Heparin-induced thrombocytopenia (HIT) , 145–146, 316  
   Horner syndrome , 204  
   Hunter’s canal , 32, 230  
   Hyperglycemia , 71, 72, 86  
   Hyperhomocysteinemia , 5, 86, 315  
   Hypertension , 5, 6, 86, 91–92  

    I 
  Imaging 

 abdominal aortic ultrasound 
 evaluation/interpretation , 7–8  
 indications , 7  
 limitations , 7  
 surveillance , 7  

 ankle brachial index 
 indications , 9  
 limitations , 9  
 result interpretation , 9–11  
 segmental Doppler pressures measurement , 9  

 carotid duplex ultrasound 
 follow-up , 6  
 indications , 6  
 limitations , 6  
 parameters , 7  
 result interpretation , 7, 8  

 computed tomographic angiography 
 advantages of , 19  
 carotid artery disease , 20–21  
  vs.  digital subtraction angiography , 19  
 motion and interference artifacts , 19  
  vs.  MRA , 19  

 contrast angiography , 21  
 duplex ultrasound examination 

 arterial duplex , 10  
 for deep vein thrombosis , 14–15  
 duplex vein mapping , 10, 13  
 for endovascular therapy , 13–14  

 endovascular therapy , 22  
 magnetic resonance angiography , 18  
 vascular ultrasound 

 color duplex ultrasound , 17–18  
 Doppler principles , 16  
 Doppler spectral waveform analysis , 17  
 instrumentation , 16  
 principles , 15–16  
 real-time grayscale imaging , 16–17  

   Infected bypass graft 
 antibiotic beads , 339  
 clinical presentation , 338  
 debridement , 339  
 endovascular recanalization , 340  
 etiology , 337  
 exploration , 338  
 extra-anatomic bypass , 340  
 graft excision , 339  
 imaging , 338  
 in situ replacement , 340  

 muscle fl aps , 339  
 NPWT , 339  
 treatment , 338, 339  

   Infectious Disease Society of America (IDSA) , 72  
   Inferior vena cava fi lters 

 absolute contraindications , 184, 185  
 absolute indications , 184  
 complications , 192  
 effi cacy , 185–186  
 expanded indications , 184, 185  
 fi lter placement 

 bedside fi lter placement , 190  
 completion venacavogram , 188, 189  
 delivery sheath , 188, 189  
 femoral/internal jugular approach , 188  
 fi lter tilt , 189  
 inferior venacavogram , 188  
 J-wire/pigtail catheter , 189–190  
 micropuncture kit , 188  
 suprarenal fi lter placement , 189  

 fi lter selection , 190  
 history , 183–184  
 management and complications , 194  
 permanent and retrievable fi lters 

 ALN fi lter , 191  
 Bird’s Nest fi lter , 190  
 Crux fi lter , 191  
 Greenfi eld fi lter , 190  
 Gunther Tulip fi lter , 191  
 OptEase fi lter , 191  
 Recovery G-2 fi lter , 191  
 SafeFlo fi lter , 191  
 Simon nitinol fi lter , 190  
 TrapEase fi lter , 190–191  
 Vena Tech LGM fi lter , 190  

 post-procedural management and complications 
 DVT rate and benefi ts , 192  
 FDA warning , 194  
 indications , 192–193  
 loop wire/fl ossing , 193  
 retrieval rates , 193–194  
 technique , 193  

 prophylactic indications 
 bariatric surgery , 187–188  
 cancer , 187  
 orthopedic surgery , 187  
 pregnancy , 187  
 thromboprophylaxis , 187  
 trauma patients , 186–187  

 relative contraindications , 184, 185  
 relative indications , 184, 185  

   Intermittent claudication (IC).    See  Peripheral arterial disease (PAD) 
   International Working Group on the Diabetic Foot (IWGDF) , 72  
   Ischemia.    See  Hemodialysis access-induced distal ischemia (HAIDI) 
   Ischemic monomelic neuropathy (IMN) , 275  
   Isolated segmental pharmacomechanical thrombolysis 

(ISPMT) , 142  

    K 
  Kawasaki’s disease , 323  
   Kidney Disease Outcome Quality Initiative (K-DOQI) guidelines , 5  

    L 
  Linezolid , 75, 76  
   Lisfranc’s amputation , 129  
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   Lower extremity amputations 
 indications 

 diabetes , 121  
 peripheral arterial disease (PAD) , 120  

 level of 
 ankle and toe pressures , 122  
 below knee amputation , 123  
 energy expenditure , 122  
 functional capacity , 122  
 hemodynamic factors , 122  
 principles , 121  
 pulse exam , 121  
 skin perfusion pressures (SPP) , 121–122  
 TcPO2 level , 121  
 wound healing , 121  

 procedures 
 AKA , 127, 130  
 below knee   ( see  Below knee amputation) 
 Chopart’s amputation , 128–129  
 digital , 123  
 for infection , 130–131  
 knee disarticulation , 129–130  
 Lisfranc’s amputation , 129  
 ray , 123, 124  
 Syme’s amputation , 129  
 TMA , 123–125  

   Low-molecular-weight heparin (LMWH) , 315  

    M 
  Malperfusion syndrome , 305  
   Mangled Extremity Severity Score (MESS) , 227  
   May-Thurner syndrome , 137, 139, 157, 158  
   Mondor’s disease , 152  
   Moxifl oxacin , 76  
   Mycotic aneurysms , 300  

    N 
  Neck 

 blunt injury 
 carotid dissection , 205, 208  
 clinical presentation , 203  
 diagnostic imaging , 205  
 evaluation and management , 203  
 grading system , 204, 205  
 Horner syndrome , 204  
 incidence , 203  
 mechanisms , 203–204  
 mortality rates , 203  
 neurological defi cits , 204  
 risk factors , 204  
 screening , 204  
 signs and symptoms , 203  

 initial evaluation and imaging , 201  
 injury management 

 arteriovenous fi stula , 206–207  
 autogenous conduit , 208  
 blunt trauma , 207–208  
 external carotid artery , 209, 210  
 internal carotid artery , 209  
 operative repair , 208  
 stable patients , 206, 207  
 subclavian artery , 210–211  
 unstable patients , 205–206  
 venous injury , 211  
 vertebral artery trauma , 209–210  

 penetrating neck injury 
 diagnostic imaging , 202–203  
 hard signs , 202  
 incidence , 201  
 zone classifi cation system , 201–202  

   Negative pressure wound therapy (NPWT) , 339  
   Neoaortoiliac system (NAIS) technique , 337  
   Neuropathy, diabetic foot infection , 71  
   Non-atherosclerotic vascular disease 

 FMD , 323–324  
 hemostatic   ( see  Hemostatic disorders) 
 PAES 

 causes of , 317  
 clinical outcomes , 319  
 clinical presentation , 317–318  
 diagnosis , 318  
 functional entrapment , 318–319  
 pathophysiology , 317  
 treatment , 318, 319  

 TAO , 319–320  
 vasculitis   ( see  Vasculitis) 

    O 
  Osteomyelitis 

 antibiotic therapy , 79  
 bone biopsy , 73  
 erythrocyte sedimentation rate , 73  
 magnetic resonance imaging , 74  
 nuclear medicine , 74  
 radiologic evaluation , 73–74  

    P 
  PAD.    See  Peripheral arterial disease (PAD) 
   PAES.    See  Popliteal artery entrapment syndrome (PAES) 
   Paget-Schroetter syndrome , 138, 157  
   Parachute anastomotic technique , 41, 42  
   Pelvic congestion syndrome , 168  
   Pentoxifylline , 92  
   Peripheral arterial disease (PAD) 

 aortoiliac disease , 94–96  
 clinical symptoms , 3–4  
 defi nition , 85  
 diagnostic work-up 

 ABI , 88–89  
 PVR , 89  
 TBI , 90  

 differential diagnosis , 87, 88  
 history and physical examination , 87  
 infrainguinal disease , 96–97  
 medical management 

 antiplatelet drug therapy , 92  
 diabetes mellitus , 91  
 endovascular/surgical revascularization , 93–94  
 exercise therapy , 93  
 homocysteine , 92  
 hyperlipidemia , 91  
 hypertension , 91–92  
 pharmacologic agents , 92–93  
 smoking cessation , 91  

 prevalence , 85  
 risk factors 

 age and gender , 5, 87  
 chronic renal insuffi ciency , 5  
 cigarette smoking , 5, 85–86  
 CKD , 86–87  
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 Peripheral arterial disease (PAD) (cont.) 
 C-reactive protein , 5  
 diabetes mellitus , 5, 86  
 dyslipidemia , 5, 86  
 ethnicity , 6  
 hyperhomocysteinemia , 5, 86  
 hypertension , 5, 6, 86  
 hyperviscosity and raised hematocrit , 6  
 infl ammatory markers , 5, 86  
 race , 87  

 staging , 4  
 treatment indications , 90–91  

   Phlegmasia cerulea dolens (PCD) , 143–144  
   Polyarteritis nodosa , 323  
   Popliteal artery entrapment syndrome (PAES) 

 causes of , 317  
 clinical outcomes , 319  
 clinical presentation , 317–318  
 diagnosis , 318  
 functional entrapment , 318–319  
 pathophysiology , 317  
 treatment , 318, 319  

   Post-thrombotic syndrome (PTS) 
 defi nition , 157  
 diagnosis , 163  
 pathophysiology , 163  
 permanent obstruction and valvular damage , 162  
 prevention , 163–164  
 treatment , 164  

   Predictive Salvage Index (PSI) , 227  
   Proximalization of arterial infl ow (PAI) , 272, 274–275  
   Pseudoaneurysm (PSA) 

 bidirectional color fl ow , 278  
 clinical presentation , 334  
 compression , 335  
 endovascular approach , 279  
 etiology and location , 278  
 exploration , 335  
 imaging , 334–335  
 outcomes , 335  
 risk factors , 333, 334  
 treatment , 335  
 ultrasound-guided thrombin injection , 335  

   Pulse volume recording (PVR) , 89  

    Q 
  Quinolone , 76  

    R 
  Ray amputation , 123, 124  
   Renal artery stenosis (RAS) 

 clinical presentation , 292  
 diagnosis , 292–293  
 treatment , 293  

   Revision using distal infl ow (RUDI) , 272, 274–275  

    S 
  Saphenofemoral junction thrombophlebitis (SFJT) , 154–155  
   Sensory neuropathy , 71  
   Subtotal graft excision (SGE) , 280  
   Superfi cial venous thrombophlebitis (SVT) 

 clinical presentation , 151  
 diagnosis , 153–154  
 etiology , 151–152  

 GSV , 154  
 migratory thrombophlebitis , 152  
 Mondor’s disease , 152  
 pathology , 152  
 SFJT , 154–155  
 small saphenous vein SVT , 152  
 SSVT , 152  
 trauma , 152  
 upper extremity , 153  
 varicose vein disease , 152–153  

   Superior mesenteric artery (SMA) , 218, 290, 299  
   Superior mesenteric vein (SMV) , 220  
   Surgical and endovascular technique 

 abdominal aortic exposure 
 comparative benefi ts , 25, 26  
 retroperitoneal , 27–29  
 transperitoneal , 25–27  

 anastomotic techniques 
 angiography , 41–42  
 end to end , 41, 42  
 end-to side , 41, 42  
 femoral access , 42–43  
 instruments and suture material , 40–41  
 parachute , 41, 42  
 radiation safety , 43–44  
 thrombectomy , 41  

 arteriotomy , 40  
 carotid artery exposure , 29–30  
 infraclavicular exposure, axillary artery , 31  
 lower extremity arteries exposure 

 above-knee popliteal artery , 32–34  
 anatomic tunnel creation , 35, 36  
 anterior tibial artery , 35, 36  
 behind-the-knee popliteal artery , 33–35  
 below-knee popliteal artery exposure , 34–35  
 distal peroneal artery , 36–37  
 distal posterior tibial artery , 36, 37  
 femoral artery , 31–32  
 proximal soleus attachments , 35  
 tibioperoneal trunk , 35  

 proximal and distal control methods 
 arteriotomies , 40  
 balloon occlusion , 39–40  
 clamp control , 39  
 tourniquet , 40  
 vessel loop control , 39  

 supraclavicular subclavian artery , 30–31  
 upper extremity exposures 

 brachial artery , 37–38  
 distal radial artery , 38  
 distal ulnar exposure , 38–39  
 proximal radial artery , 38  

   Syme’s amputation , 129  

    T 
  Takayasu’s arteritis , 323  
   Thromboangiitis obliterans (TAO) 

 diagnosis , 320  
 etiology and presentation , 320  
 pathologic fi nding , 319–320  
 treatment and outcomes , 320  

   Thrombosis.    See  Vascular access thrombosis (VAT) 
   Tigecycline , 76  
   Toe-brachial index (TBI) , 90  
   Transilluminated powered phlebectomy , 179  
   Transmetatarsal amputation (TMA) , 123–125, 129  
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   Traumatic aortic injury (TAI) 
 bird-beak effect , 308  
 clinical outcomes , 306  
 computed tomographic angiography , 309  
 diameter , 308  
 history , 306  
 initial evaluation and imaging , 306  
 minimal aortic injury , 307  
 mortality and paraplegia rates , 306  
 potential complications , 309  
 preoperative planning , 307–308  
 thoracic stent graft , 309  
 time course , 306  
 vascular access , 309  

    U 
  Ultrasound-guided sclerotherapy (UGS) , 180–181  

    V 
  Vacuum assisted closure (VAC) therapy , 79  
   Vancomycin , 75, 76  
   Varicose veins 

 aneurysmal dilation/tortuosity , 176  
 clinical evaluation 

 atrophie blanche , 168  
 CEAP classifi cation system , 168–170  
 healed/active ulcers , 168  
 LPD , 168  
 pelvic congestion syndrome , 168  
 physical examination , 167–168  
 symptoms , 167  
 VCSS , 168–169, 171  
 venous claudication , 168  
 venous stasis dermatitis , 168  

 complications , 174  
 duplex ultrasound examination 

 anatomic variants , 172  
 gold standard imaging modality , 169  
 GSV and SSV , 171, 172  
 limitations , 169  
 patient standing position , 169–170  
 refl ux criteria , 172  
 Valsalva test , 171  
 venous refl ux , 169  
 venous stripper/ablation catheter , 172  
 walker/fi xed support bar , 170–171  

 EHIT , 176–177  
 indications , 173  
 noninterventional management , 172–173  
 pathophysiology , 167  
 percutaneous endovenous ablation , 174–175  
 phlebectomy 

 complications , 178  
 precautions , 178  
 preoperative considerations , 177  
 technique , 177–178  
 transilluminated powered phlebectomy , 179  

 radiofrequency energy/laser energy , 175–177  
 saphenous eye , 175  
 sclerotherapy , 179–180  
 skin punctures and injections , 176  
 surgical vein stripping , 173–174  
 tumescent anesthesia , 176  
 UGS , 180–181  

   Vascular access infection 
 coagulase negative  Staphylococcus  , 279  
 coagulase negative  Streptococcus  , 279  
 diagnosis and treatment , 279  
 graft removal , 280  
  111 Indium-tagged imaging , 279  
 PGE , 280–281  
 polymicrobial infections , 279  
 SGE technique , 280  
 signs and symptoms , 279  
  Staphylococcus aureus  , 279  

   Vascular access thrombosis (VAT) 
 Angiojet and Arrow-Trerotola devices , 277  
 blood fl ow/stasis , 276  
 components , 276  
 endothelial dysfunction , 276  
 EPO triggers intimal hyperplasia and thrombosis , 276  
 hydrolyzer , 277  
 hypercoagulability , 276  
 K-DOQI guidelines , 278  
 physical examination , 276  
 surgical thrombectomy , 277  
 surgical treatment , 276  
 treatment , 277  

   Vasculitis 
 classifi cation , 321  
 GCA 

 diagnosis , 321–322  
 treatment , 322–323  

 large-vessel vasculitis , 321  
 medium-vessel vasculitides , 323  
 small-vessel vasculitis , 323  
 Takayasu’s arteritis , 323  

   Venous Clinical Severity Scoring (VCSS) system , 
168–169, 171  

   Venous stenosis 
 cephalic arch , 271  
 costoclavicular junction , 271  
 diagnosis , 269  
 dialysis associated venous thoracic outlet syndrome , 271  
 histologic features , 269  
 limitations , 270  
 management guidelines , 269  
 prevalence , 269  
 signs and symptoms , 269  
 stent placement , 269–270  
 surgical management , 270  
 treatment , 270  

    W 
  Wegener’s granulomatosis , 323         

Index


	Preface
	Contents
	Contributors
	Part I: Basics of Vascular Surgery
	1: Diagnosis and Imaging
	Approach to the Patient with Vascular Disease
	Key Points of History and Physical
	 Carotid Artery Occlusive Disease
	 Peripheral Artery Disease (PAD)
	PAD Staging

	 Aneurysms
	 Venous Disease
	 Other Vascular Disorders
	 Cardiovascular Risk Factors
	Age
	 Gender
	 Smoking
	 Diabetes Mellitus
	 Dyslipidemia
	 Hypertension
	 Hyperhomocysteinemia
	 Inflammatory Markers/C-Reactive Protein
	 Chronic Renal Insufficiency
	 Hypercoagulable States
	 Ethnicity


	 Noninvasive Vascular Laboratory Exams
	Cerebrovascular Noninvasive Vascular Testing
	Indications
	 Follow-Up After Carotid Intervention/Surveillance
	 Limitations
	 Essentials of Examinations/Interpretation of Results

	 Abdominal Aortic Ultrasound
	Indications
	 Limitations
	 Surveillance
	 Essentials of Evaluation/Interpretation

	 Ankle Brachial Index
	Indications
	Limitations
	Interpretation of Results

	 Duplex Ultrasound Exam of the Lower Extremity
	Indications
	Limitations
	Duplex Ultrasound Interpretation in Patients with PAD

	 Duplex Vein Mapping
	Indication
	Limitations
	Essentials of Evaluation/Interpretation of Results

	 Venous Duplex Ultrasound for Endovascular Therapy
	Indications
	Limitations
	Essentials of Evaluation

	 Venous Duplex for Deep Vein Thrombosis
	Indications
	Limitations
	Essentials of Examination


	 Vascular Ultrasound General Principles
	Doppler Principle
	 Instrumentation
	 Duplex Ultrasound Components
	Real-Time Grayscale Imaging
	Doppler Spectral Waveform Analysis

	 Color Duplex Ultrasound

	 Overview of Imaging Options: MR, CT, Catheter Angiography – Advantages and Limitations
	Magnetic Resonance Angiography
	 Computed Tomographic Angiography
	 Contrast Angiography (Digital Subtraction Angiography)

	 Endovascular Therapy
	 Conclusion
	References

	2: Surgical and Endovascular Technique and Tools
	Introduction
	 Exposures
	Aorta
	Transperitoneal Abdominal Aortic Exposure
	 Retroperitoneal Aortic Exposure

	 Carotid, Subclavian, and Axillary Artery Exposures
	Carotid Artery
	 Supraclavicular Subclavian Artery Exposure
	 Infraclavicular Exposure of the Axillary Artery

	 Exposure of the Lower Extremity Arteries
	Femoral Artery
	 Above-Knee Popliteal Artery
	 Behind-the-Knee Popliteal Artery
	 Below-Knee Popliteal Artery and Proximal Anterior and Posterior Tibial Artery, Tibioperoneal Trunk, and Peroneal Arteries
	 Distal Posterior Tibial Artery
	 Mid to Distal Anterior Tibial Artery
	 Mid to Distal Peroneal Artery

	 Upper Extremity Exposures
	Brachial Artery
	Proximal Radial Artery
	Distal Radial Artery
	Distal Ulnar Artery


	 Surgical Techniques
	Methods of Obtaining Proximal and Distal Control
	Vessel Loop Control
	Clamp Control
	Balloon Occlusion
	Tourniquet

	 Arteriotomies

	 Anastomotic Techniques
	Instruments and Suture Material
	 Techniques for Anastomosis
	Parachute
	End to End
	End to Side

	 Thrombectomy
	 Basics of Angiography
	 Femoral Access
	 Radiation Safety

	References


	Part II: Acute Arterial Disease
	3: Peripheral Arterial Thrombosis/Emboli
	Etiology and Pathophysiology
	 Diagnosis
	Imaging
	Duplex Ultrasound
	 Computed Tomography Angiography (CTA)
	 Digital Subtraction Angiography (DSA)


	 Treatment Decision Making
	 Endovascular Therapy and Thrombolysis: General Principles
	 Femoral and Brachial Embolectomy Techniques
	Femoral Artery Embolectomy
	 Brachial Artery Embolectomy

	 Postoperative Management
	 Limb Salvage Predictors and Survival Implications
	 Conclusion
	References

	4: Compartment Syndrome
	Introduction
	 Pathophysiology
	 Epidemiology/Risk Factors
	 Diagnosis
	 Treatment
	 Fasciotomy of the Lower Leg
	The Lateral Incision of the Lower Leg
	 The Medial Incision of the Lower Leg

	 Wound Care
	 Complications
	 Fasciotomy of Other Compartments
	Compartment Syndrome and Fasciotomy of the Forearm and Hand
	 Compartment Syndrome and Fasciotomy of the Thigh

	 Summary
	References

	5: Diabetic Foot Infection
	Introduction
	 Risk Factors
	 Physical Exam
	 Classification
	 Diagnosis of Diabetic Foot Infection
	 Microbiology of Diabetic Foot Infections
	 Treatment of Diabetic Foot Infections
	Antibiotic Options for Gram-Positive Coverage
	 Antibiotic Options for Polymicrobial Coverage
	 Parenteral Versus Oral Antibiotic Therapy
	 Duration of Antibiotic Therapy

	 Surgical Therapy
	 Conclusion
	References


	Part III: Chronic Arterial Disease
	6: PAD and Claudication
	Risk Factors for the Development of PAD
	Smoking
	 Diabetes Mellitus (DM)
	 Hypertension
	 Dyslipidemia
	 Inflammatory Markers
	 Hyperhomocysteinemia
	 Chronic Kidney Disease (CKD)
	 Race
	 Age and Gender

	 Diagnosis
	 Work-Up
	 Treatment Indications and Options
	 Medical Management
	Risk Factor Modification:
	Smoking
	 Hyperlipidemia
	 Diabetes Mellitus
	 Hypertension
	 Homocysteine
	 Antiplatelet Drug Therapy

	 Treatment of Claudication Symptoms
	Pharmacologic Agents
	Cilostazol
	Pentoxifylline
	Statins
	Other Medications


	 Exercise Therapy
	 Endovascular or Surgical Revascularization

	 Aortoiliac Disease
	Surgical Treatment

	 Infrainguinal Disease
	 Conclusion
	References

	7: Critical Limb Ischemia
	Introduction
	 Clinical Manifestations
	Claudication
	 Rest Pain
	 Ischemic Ulcer
	 Gangrene

	 Patient Evaluation
	Diagnosis
	Clinical History
	 Physical Examination
	 Routine Noninvasive Vascular Screening Studies

	 Pre-intervention Imaging
	Duplex Ultrasound
	 Computed Tomographic Angiography
	 Magnetic Resonance Angiography
	 Contrast Angiography

	 Cardiac Risk Stratification

	 Treatment
	Revascularization
	Aortoiliac (Suprainguinal) Revascularization
	 Infrainguinal Revascularization

	 Nonsurgical Interventions
	Pharmacologic Therapy
	Antiplatelet Agents
	Anticoagulation
	Cilostazol (Pletal)
	Prostaglandin E1
	Other Agents

	Aggressive Wound Care
	Local Wound Care
	Pressure Off-Loading
	Pneumatic Compression Boot Therapy
	Prevention and Treatment of Infection
	Nutrition

	Emerging Therapies

	 Follow-Up
	Surveillance
	Patient-Oriented Outcomes


	References

	8: Lower Extremity Amputations
	Introduction
	 Indications for Amputation
	 Determining the Level of Amputation
	 Procedures
	Digital Amputation
	 Ray Amputation
	 Transmetatarsal Amputation (TMA)
	 Below Knee Amputation
	 Above Knee Amputation (AKA)
	 Alternative Lower Extremity Amputations
	 Amputations for Infection

	 Summary
	References


	Part IV: Venous Disease
	9: Deep Venous Thrombosis
	Introduction
	 Risk Factors
	Genetic Risk Factors
	 Acquired Risk Factors
	Malignancy
	 Surgery
	 Trauma
	 Pregnancy
	 Drugs
	 Immobilization
	 Prior Episode of VTE
	 Antiphospholipid Antibodies

	 Anatomic Factors Associated with Increased Risk of DVT

	 Diagnosis
	Clinical Assessment
	 Venous Duplex Ultrasound
	 Phlebography and Venography
	 d-Dimer Tests

	 Treatment Strategies
	Importance of Anticoagulation
	 Determining Treatment by Type of DVT
	Calf Vein Thrombosis
	 Femoral Vein Thrombosis
	 Popliteal Vein Thrombosis
	 Iliofemoral DVT

	 Treatment with a Strategy of Thrombus Removal
	Surgical Venous Thrombectomy
	 Catheter-Directed Thrombolysis
	Pharmacomechanical Thrombolysis
	Randomized Trials


	 Phlegmasia Cerulea Dolens
	 Long-Term Sequelae of DVT
	Mortality
	 Pathophysiology of Postthrombotic Morbidity

	 Complications of Anticoagulation
	Bleeding Complications
	 Heparin-Induced Thrombocytopenia
	Management Recommendations


	 Summary
	References

	10: Superficial Thrombophlebitis
	Introduction
	 Clinical Presentation
	 Etiology
	 Pathology
	 SVT: Other Topics
	Trauma
	 Suppurative
	 Migratory
	 Mondor’s Disease
	 Small Saphenous Vein SVT
	 SVT with Varicose Vein Disease
	 Upper Extremity SVT

	 Diagnosis
	 Treatment
	 Conclusion
	References

	11: Chronic Venous Insufficiency
	Introduction
	 Venous Anatomy and Physiology
	 Chronic Venous Insufficiency
	Pathophysiology
	 Clinical Presentation

	 Diagnosis
	Noninvasive Testing
	 Invasive Testing

	 Treatment
	Noninterventional Therapy
	 Interventional Therapy

	 Post-thrombotic Syndrome (PTS)
	Pathophysiology
	 Diagnosis
	 Prevention
	 Treatment

	 Conclusion
	References

	12: Varicose Veins
	Introduction
	 Pathophysiology
	 Clinical Evaluation
	 Diagnostic Evaluation: The Duplex Ultrasound Examination
	 Noninterventional Management
	 Treatment
	Indications for Intervention
	Outline Placeholder
	 Surgical Vein Stripping
	Complications

	 Percutaneous Vein Ablation
	Technique
	 RFA or Laser?

	 Phlebectomy
	Preoperative Considerations
	 Technique
	 Precautions/Additional Considerations
	 Complications

	 Transilluminated Powered Phlebectomy
	Precautions/Additional Considerations
	Complications

	 Sclerotherapy
	Complications

	 Ultrasound-Guided Sclerotherapy
	Complications


	 Conclusion
	References

	13: Inferior Vena Cava Filters
	History and Introduction
	 Indications
	 Evidence of Efficacy
	 Prophylactic Indications in Specific Patient Populations Without Documented DVT
	Trauma Patients
	 Major Orthopedic Surgery
	 Cancer
	 Major General Surgery
	 Pregnancy
	 Bariatric Surgery

	 Technical Details of Filter Placement
	Troubleshooting
	 Bedside Filter Placement Using Transabdominal or Intravascular Ultrasound

	 Filter Selection
	 FDA-Approved Permanent and Retrievable Filters
	Filter Choice

	 Post-procedural Management and Complications
	Rate of DVT and Benefits of Concurrent Anticoagulation
	 Indications for Filter Retrieval
	 Technical Details of IVC Filter Retrieval
	 Troubleshooting: Retrieval
	 Retrieval Rates
	 FDA Warning

	 IVC Filter Complications and Management
	 Conclusions
	References


	Part V: Vascular Trauma
	14: Vascular Injuries in the Neck
	Initial Evaluation and Imaging
	 Penetrating Neck Injuries
	Incidence
	 Classification
	 Initial Assessment
	 Diagnostic Imaging

	 Blunt Injuries
	Incidence and Presentation
	 Diagnostic Imaging

	 Management of Injuries
	Initial Approach/Exposure
	Unstable Patients
	 Stable Patients
	 Arteriovenous Fistula
	 Blunt Trauma

	 Operative Repair
	Common Carotid
	 Internal Carotid
	 External Carotid
	 Vertebral Artery Trauma
	Subclavian Artery
	Venous Injury


	References

	15: Vascular Injuries in the Abdomen
	Introduction
	 Mechanism of Injury
	 Incidence
	 Clinical Presentation
	 Diagnosis and Evaluation
	 Surgical Management
	Emergency Department
	 Operating Room

	 Specific Injuries
	Abdominal Aorta
	 Celiac Artery
	 Superior Mesenteric Artery
	 Renal Artery
	 Iliac Artery
	 Inferior Vena Cava
	 Portal Vein
	 Superior Mesenteric Vein
	 Renal Veins
	 Iliac Veins

	 Damage Control
	 Conclusion
	References

	16: Extremity Vascular Injuries
	Introduction
	 Epidemiology
	 Initial Evaluation and Management
	Control of Hemorrhage
	 Physical Exam
	 Vascular Imaging
	 Assessment of Nonvascular Structures of the Extremity

	 The Mangled Extremity
	The Unstable Patient: Vascular Management Considerations
	 The Stable Patient: Vascular Management Considerations

	 Considerations for Exposure of Specific Extremity Vascular Injuries
	General Principles
	 Axillary Artery
	 Brachial Artery
	 Radial and Ulnar Arteries
	 Femoral Artery
	 Popliteal Artery
	 The Tibioperoneal Trunk

	 Technical Considerations of Extremity Vascular Injury Repair: Key Steps
	General Principles
	 Proximal and Distal Control
	 Characterize Injury Type and Extent
	 Feasibility of Definitive Vascular Repair
	 Reestablish Extremity Perfusion
	 Vascular Reconstruction
	 Post-Repair Assessment
	 Other Considerations

	 Summary
	References


	Part VI: Vascular Access
	17: Central Venous Access
	Indications
	 Contraindications
	 Types of Venous Access Devices
	 Vascular Access Site Selection
	Internal Jugular Vein Approach
	 Subclavian Vein Approach
	 Femoral Vein Approach
	 Alternative Venous Access

	 Preparation of the Patient
	Consent
	 Monitoring
	 Positioning
	 Sterile Technique
	 Use of Ultrasound

	 Technique
	Internal Jugular Vein
	Central Venous Line
	 Chest Port Insertion
	 Tunneled Catheter Insertion

	 Subclavian Vein
	Infraclavicular Approach
	 Supraclavicular Approach

	 Femoral Vein

	 Complications
	Acute Complications
	Air Embolism/Foreign Body Embolism
	 Great Vessel Perforation/Inadvertent Arterial Catheter Placement
	 Catheter Malposition
	 Pneumothorax

	 Delayed Complications
	Catheter-Related Infections
	 Venous Stenosis
	 Thrombotic Complications


	 Conclusion
	References

	18: Arteriovenous Hemodialysis Access
	Introduction
	 Preplacement Evaluation
	Timing of Referral
	 History and Physical Exam
	History
	 Physical

	 Imaging
	Ultrasound Vein Mapping
	 Venography


	 Order of Site Preference Principles and Guidelines
	Fistula First, Catheter Last Principles
	 Advantages and Drawbacks of Autogenous AV Fistulas

	 Technical Details
	General Operative Considerations
	Anesthesia
	 Heparin
	 Tunneling
	 Anastomosis
	 Thrill/Pulse

	 Surgical Exposures
	Radial Artery
	 Brachial Artery and Vein
	 Femoral Artery and Vein

	 Access Types

	 Wrist/Forearm Fistulas
	Radial-Cephalic (Brescia-Cimino) Fistula
	Procedure
	 Advantages/Drawbacks

	 Radial-Basilic Fistula
	Procedure
	 Advantages/Drawbacks


	 Upper Arm Fistulas
	Brachial-Cephalic Fistula
	Procedure
	Advantages/Drawbacks

	 Brachial-Basilic (Upper Arm Transposition) AV Fistula
	Procedure
	Advantages/Drawbacks

	 Brachial-Median Antecubital Vein Fistula
	Procedure
	Advantages/Drawbacks


	 Prosthetic Grafts
	Forearm Loop AV Graft
	Procedure
	Advantages/Drawbacks

	 Upper Arm AV Graft
	Procedure
	Advantages/Drawbacks

	 Femoral Loop AV Graft
	Procedure
	Advantages/Drawbacks


	 Alternate Access (Overview)
	 Summary
	References

	19: Access Complications
	Introduction
	 Bleeding
	 Venous Stenosis
	 Ischemia
	 Ischemic Monomelic Neuropathy
	 Thrombosis
	 Pseudoaneurysm
	 Infection
	 Conclusion
	References


	Part VII: Complex Vascular Surgery Topics
	20: Arterial Occlusive Disease: Carotid, Mesenteric, and Renal
	Introduction
	 Carotid Artery Stenosis
	Clinical Presentation and Symptomatic Status
	 Diagnosis
	 Treatment

	 Mesenteric Ischemia
	Diagnosis
	 Treatment

	 Renal Artery Stenosis
	Clinical Presentation
	 Diagnosis
	 Treatment

	 Conclusion
	References

	21: Aortic Pathology: AAA, Dissection, and Traumatic Transection
	Abdominal Aortic Aneurysms
	General Considerations
	 Pathophysiology
	 Perioperative Evaluation and Indications for Treatment
	 Open Surgical Repair
	 Inflammatory Abdominal Aortic Aneurysms
	 Primary Aortocaval Fistula
	 Ruptured Abdominal Aortic Aneurysms
	 Conclusion

	 Aortic Dissection
	Introduction
	 Classification
	 Epidemiology
	 Pathophysiology
	 Clinical Presentation
	 Diagnostic Evaluation
	 Treatment
	 Operative Treatment of Aortic Dissection
	Open Surgical Treatment
	 Endovascular Treatment

	 Outcomes
	 Natural History and Follow-up
	 Conclusion

	 Traumatic Aortic Injuries: Endovascular Repair
	Introduction
	 Initial Evaluation and Imaging
	 Timing of Treatment
	 Minimal Aortic Injury
	 Preoperative Planning
	 Operative Approach
	 Available Thoracic Endovascular Stent Grafts
	 Conclusion

	References

	22: Non-atherosclerotic Vascular Disease: Vasculitis, Popliteal Entrapment, Hypercoagulable
	Hypercoagulable Disorders
	Introduction
	 Reduced Level of Anticoagulants
	Antithrombin (AT) Deficiency
	 Protein C Deficiency
	 Protein S Deficiency

	 Increased Levels of Procoagulants
	Factor V Leiden
	 Prothrombin Gene Mutation
	 Elevated Factors VIII, IX, and XI
	 Hyperhomocysteinemia

	 Acquired Hypercoagulable States
	Antiphospholipid Antibody Syndrome
	 Cancer
	 Pregnancy
	 Heparin-Induced Thrombocytopenia (HIT)

	 Clinical Management
	Thromboprophylaxis
	 Duration of Therapy
	 Testing


	 Popliteal Artery Entrapment
	Introduction
	 Pathophysiology
	 Clinical Presentation
	 Diagnosis and Treatment
	 Functional Entrapment
	 Treatment
	 Outcomes

	 Thromboangiitis Obliterans
	Etiology and Presentation
	 Diagnosis
	 Treatment and Outcomes

	 Vasculitis
	Introduction
	 Classification and Pathophysiology
	Large-Vessel Vasculitis
	 Giant Cell Arteritis Diagnosis
	 Giant Cell Arteritis Treatment
	 Takayasu’s Arteritis Diagnosis
	 Takayasu’s Arteritis Treatment
	 Medium-Vessel Vasculitides
	 Small-Vessel Vasculitis


	 Fibromuscular Dysplasia
	Introduction and Pathophysiology
	 Etiology and Presentation
	 Diagnosis and Treatment
	 Conclusion

	References

	23: Surgical and Endovascular Complications: Infection and Hemorrhage
	Diagnosis and Management of Hemorrhage: Retroperitoneal, Cervical, and Groin
	Retroperitoneal Hemorrhage
	Etiology
	 Presentation
	 Imaging
	 Treatment
	Conservative Therapy
	Endovascular Intervention
	Exploration

	 Outcomes

	 Cervical (Neck) Hemorrhage
	Etiology
	 Presentation
	 Imaging
	 Treatment
	Immediate Postoperative Hemorrhage
	Endovascular Intervention
	Exploration for Penetrating Trauma
	Exploration for Carotid Blowout

	 Outcomes

	 Groin Hemorrhage
	Etiology
	 Presentation
	 Imaging
	 Treatment
	Immediate Postoperative Exploration
	Endovascular Intervention
	Exploration for Penetrating Trauma
	Exploration for Femoral Artery/Anastomotic or Pseudoaneurysm Bleeding

	 Outcomes


	 Arterial Pseudoaneurysm: Diagnosis and Treatment Indications and Options
	Etiology
	 Presentation
	 Imaging
	 Treatment
	Compression
	 Ultrasound-Guided Thrombin Injection
	 Exploration

	 Outcomes

	 Aortoenteric Fistula: Diagnosis (Clinical and Imaging Findings), Management Priorities, and Treatment Options
	Etiology
	 Presentation
	 Imaging
	 Treatment
	Excision and Extra-anatomic Bypass
	In Situ Interposition Bypass
	Endovascular Exclusion

	 Outcomes

	 Infected Bypass Graft: Pathophysiology, Diagnosis (Clinical and Imaging Findings), and Treatment Principles
	Etiology
	 Presentation
	 Imaging
	 Treatment
	Exploration
	Debridement
	Antibiotic Beads
	Negative Pressure Wound Therapy (NPWT)
	Muscle Flaps
	Graft Excision
	Revascularization Options

	 Outcomes

	 Conclusion
	References


	Index

