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Foreword

The fifth edition of the Handbook of Patient Care in Vascular
Diseases inaugurates the transition from one generation of
authors (Hallett, Brewster, and Darling) to the next (Rasmussen,
Clouse, and Tonnessen). The change in authors recognizes the
need to pass the torch to the younger men and women who will
lead the care of vascular patients into the future.

The first edition of the Handbook dates to 1982, when open
surgery was well established but endovascular therapy was rel-
atively new. Basic principles of care remain the same. However,
new endovascular options, proliferating cardiovascular medi-
cines, and developing cell therapies required a reorganization of
the previous Handbook.

The central purpose of the original Handbook remains
unchanged: To serve as a primer of principles that optimize
patient outcomes. The authors have revised every chapter and
added the latest in diagnostic and treatment approaches. They
provide concise and clear suggestions to every member of the care
team. Both novices and more experienced practitioners, including
cardiologists, radiologists, and surgeons, will find something in
these pages to help them in their daily work.

Every previous update of this Handbook has invited your feed-
back to improve future editions. Again, we encourage you to stay
in touch with this enthusiastic new group of vascular specialists.
They bring an exceptionally valuable handbook to you and your
patients.

John (Jeb) Hallett, MD
David C. Brewster, MD
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Preface

For more than two decades the Handbook of Patient Care in Vas-
cular Diseases has provided health care providers at all levels a
practical reference that emphasizes fundamentals and clinical
concepts that “culminate in excellent outcome for vascular
patients” (Darling C., First Edition). While the Handbook has a
tradition of excellence, it finds itself in a new age of vascular
care. Early editions were published in an era when information
was exchanged at national meetings and in print and turned at
a sluggish pace. At the time of the early editions training was
dogmatic, methods of treatment changed gradually, and there
were few natural history studies or randomized trials to direct
vascular care.

Today there is near-instant access to a volume of clinical data
often in the palm of one’s hand before results are in print.
Prospective trials and natural history studies guide the manage-
ment of some vascular disease states, yet endovascular therapies
are promoted on the Internet, in magazines and industry
releases often without good peer review. Less invasive technolo-
gies developed by industry and favored by patients are intro-
duced at a rapid pace. Practices and training paradigms have
now evolved with an emphasis on such technology as well as pro-
ficiency through disease-specific clinical pathways.

This environment represents a challenge to those caring for
patients with vascular disease. Today’s provider must condense
information from all directions sorting the relevant from the
extraneous to develop a logical plan of care for each patient. In
this setting we believe there is a role for an agile, evidence-based
resource to serve as a discriminating guide and information
management tool. Our hope is that this new edition of the Hand-
book represents such a resource. The Fifth Edition is structured
to provide a basic understanding of vascular disease and cardio-
vascular risk rooted in the fundamentals of the history and
physical exam. This edition incorporates noninvasive vascular
testing and new clinical guidelines into the patient evaluation
and provides a basic but thorough review of endovascular tech-
nologies and devices. Finally the Fifth Edition culminates in log-
ical care outlines for eight areas of vascular disease encountered
by trainees, nurses, and physicians.

With mentorship from two of the original authors we are priv-
ileged to continue this time-honored endeavor and hopeful that
you will find the Handbook a useful resource to assist in the
management of vascular disease.

mES

'E.
" D.
. H.

'ﬂQ:U

xi






Acknowledgments

The authors would like to acknowledge John P. Reilly, MD, Asso-
ciate Director, Cardiac Catheterization Laboratory, Ochsner
Clinic, New Orleans, Louisiana, as sub-editor for Section IV,
Catheter-Based and Endovascular Concepts. His experience in
and expertise with endovascular technologies and procedures is
greatly appreciated.

We would also like to thank Barbara Siede of Medical Illustra-
tions, Ochsner Clinic Foundation, New Orleans, Louisiana, for
her numerous innovative and artistic contributions to this edi-
tion. Her talent knows no bounds.

Finally, we would also like to acknowledge Kevin S. Franklin,
RVS, Technical Director, San Antonio Military Vascular Labora-
tories for his dedication as an overall vascular specialist, espe-
cially in the field of noninvasive vascular testing.

xiii






Handbook of Patient Care
in Vascular Diseases

Fifth Edition






SECTION |

Vascular
Pathophysiology

and Hypercoagulable
Disorders

BASIC CONCEPTS

Like other disease processes, a number of basic principles guide
the management of most vascular problems. These include
obtaining a history, performing a physical examination, and
gathering information from other diagnostic testing. Following
these principles, one can provide logical and appropriate patient
care; neglect one of these steps and a clinical scenario may
become confusing and the patient’s care misguided. In the first
two chapters of this handbook, we outline and emphasize these
basic concepts. Because the handbook covers both arterial and
venous diseases, we have organized the basic concepts around
these two disease groups. Each chapter is subdivided under the
headings “Magnitude of the Problem,” “Anatomy,” “Etiology,”
“Pathophysiology,” and “Natural History.”

CHAPTER 1

Arterial Disease

I. Magnitude of the problem. Peripheral arterial disease
(PAD) is a leading cause of death worldwide. As an age-related
process, PAD will become much more prevalent in decades to
come. Specifically, the first of the 82 million Americans in the
“baby boom” demographic turned 60 years old in 2006, and the
number of people over the age of 65 is anticipated to increase
100% by 2032. Perhaps as important as mortality is the disabil-
ity resulting from PAD. For example, approximately 750,000
Americans have strokes annually, and many are left with a per-
manent neurologic deficit, which is devastating to both the
patient and the family. Patients with arterial disease may also
be limited by chest pain (angina pectoris), exertional leg pain
(claudication), extremity ulceration (tissue loss), and even ampu-
tation (Chapter 14).

Advances in the diagnosis and successful treatment of PAD
have occurred rapidly, and now include broader use of nonin-
vasive duplex ultrasonography (US) and minimally invasive

1



2 Section I. Vascular Pathophysiology

endovascular techniques (Chapters 10, 11, and 12). Significant
progress has also been made in the identification of clinical risk
factors and development of new classes of medications that allow
prevention or reduction of arterial disease in many patients
(Chapter 7). Despite these advances, many patients are unwill-
ing to modify their lifestyles or comply with medication use.
Thus, arterial disease will remain a leading health problem dur-
ing the career of most physicians practicing today.
II. Anatomy. The peripheral arterial system refers to noncar-
diac arteries, including the thoracic and abdominal aorta and
branches thereof, as well as arteries of the extremities. The arte-
rial network is a complex organ system that must withstand the
stress of pulsatile flow for the life of an individual. The wall of
the artery consists of three layers, or tunics, referred to as the
tunica intima, tunica media, and tunica adventitia (Fig. 1.1).
Each of these layers plays a unique part in arterial function to
allow delivery of oxygenated blood throughout the body.
Although the makeup of each layer varies slightly, depending on
the location of the artery in the body, all must function and
remain intact in the setting of health.
A. The intima. The inner lining of the artery is a single layer
of endothelial cells called the intima. Endothelial cells of the
intima perform unique functions via receptors on their cell sur-
faces by secretion of proteins, such as endothelin, and other
substances, such as nitric oxide, which regulate vessel tone and
affect platelet aggregation and formation of thrombus. Like
other cells in the body, the cells of the intima require oxygen for
survival and function, and receive this from the flowing blood
(i.e., luminal blood supply). Underlying the intima is a thin
matrix of elastic fibers called the internal elastic lamina.
B. The media. The middle layer of the artery is formed by a
circumferential layer of smooth muscle cells and variable
amounts of elastin and collagen. The amount of elastic tissue
within the media decreases proportionally to the smooth mus-
cle content as arteries become more peripheral (e.g. further
from the heart). Central arteries such as the thoracic aorta
with greater elastic content are termed elastic arteries while
muscular arteries, such as the femoral or carotid arteries, have
greater smooth muscle content in the media. The media pri-
marily responds to signals from endothelial cells of the nearby
intima. Under normal conditions, the media provides struc-
ture to the vessel and is responsible for variations in vessel
tone. In the setting of injury or disease, the media is the main
location for cellular response including proliferation of smooth
muscle cells and migration of other cell types into the media
(e.g., macrophages and fibroblasts). The media has a dual
source of nourishment receiving oxygen via diffusion from the
circulating blood (luminal oxygen supply) and by small vessels
that penetrate the outer wall, which are termed vasa vaso-
rum (abluminal oxygen supply). A second external elastic
membrane encloses the outer border of the media and sepa-
rates it from the adventitia.
C. The adventitia. The outermost layer of an artery is called
the adventitia and is composed mainly of the long fibrous
structural protein called collagen as well as autonomic nerves
that supply the smooth muscle cells of the media. Additionally,
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Figure 1.1. Pathogenesis of atherosclerosis. Endothelial “injury” or
dysfunction can be initiated by a variety of forces: hyperlipidemia;
free radicals caused by cigarette smoking, hypertension, and dia-
betes mellitus; genetic alterations; elevated plasma homocysteine.
Monocytes (A) attach to injured endothelium (B), secrete growth fac-
tors (C), and finally migrate into the subendothelial layer. Lipid-
laden macrophages become part of the fatty streak. Endothelial
disruption attracts platelets (D) that secrete platelet-derived growth
factor (PDGF). Smooth muscle cells in the proliferative atheroma-
tous lesion may also secrete growth factors such as PDGF. Increased
endothelial turnover results in enhanced growth factor production.
Smooth muscle cells are stimulated to migrate into the intimal layer
(E). Smooth muscle and “injured” endothelial cells turn up their
growth factor production. Fibrous plaques (F) evolve from fatty
streaks. Atheromas develop from fatty streaks to fibrous plaques
that can degenerate eventually into complicated plaques with sur-
face ulceration, hemorrhage, and embolization. This fibrous plaque
rupture and ulceration appear to be related to macrophages releas-
ing proteolytic enzymes. (Adapted from Ross R. Atherosclerosis—an
inflammatory disease. N Engl J Med. 1999;340:115-126.)

the vasa vasorum courses along and through the adventitia.
Although the adventitia may appear thin and without sub-
stance, it is a key element in the total strength of the arterial
wall. In muscular arteries the adventitia may be as thick as
the media itself. In such arteries, surgical closure of the arte-
rial wall or anastomosis of a synthetic graft to the vessel
should incorporate the adventitial layer; failure to do so may
result in anastomotic breakdown.
III. Etiology. The etiology of nearly all acquired arterial dis-
ease is atherosclerosis. The term atherosclerosis comes from
the Greek terms athero, meaning gruel or paste, and sclerosis,
meaning hardening. Arteriosclerosis refers to any hardening of
the artery or loss of its elasticity, and is often used interchange-
ably with atherosclerosis, although technically atherosclerosis is
a form of arteriosclerosis.
The etiology of atherosclerosis is a complicated immune-
mediated process that begins at the interface of endothelial cells
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and the circulating blood. The etiology has not been linked to a
single causative factor, but rather to a combination of mechani-
cal (e.g., shear stress and hypertension), circulating (e.g., lipids,
glucose, or insulin), and environmental (e.g., tobacco use) factors.
Together these factors reach a threshold in certain genetically
predisposed persons and initiate the disease process of athero-
sclerosis. The etiology of atherosclerosis may be thought of gen-
erally in two stages.
A. Response to injury. Under normal circumstances the
endothelial lining of the blood vessel provides a nonsticky sur-
face through which circulating blood may flow. However, this
fragile layer of cells may be damaged by mechanical forces such
as hypertension or circulating factors such as metabolites from
cigarette smoke or oxidized lipids. Damage to the endothelial
cells causes the lining of the vessel to become sticky, and white
blood cells (monocytes and T cells) and platelets (thrombocytes)
begin to adhere in an attempt to patch the injury (Fig. 1.1 A
and B).
Experimental and clinical observations also indicate that
early endothelial injury is more prone in areas of blood-flow
separation and low shear stress (Fig. 1.2). The layer of blood

Atherosclerotic
plague

Low shear
region

Figure 1.2. Patterns of low and high shear stress. Atherosclerotic
plaques, which usually localize to the outer wall at arterial bifurca-
tions, tend to develop at areas of boundary layer separation and
low shear stress. (Adapted from Malek AD, Alper SL, Izumo S.
Hemodynamic shear stress and its role in atherosclerosis. JAMA.
1999;282:2035-2042.)
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adjacent to the intima is referred to as the boundary layer
and, although flow in the center of the artery is laminar, this
outer area of boundary layer separation has slower, more
disturbed currents. These areas of low shear force (<4 dyne/
cm?) have also been shown to induce endothelial dysfunction
and generally occur at the outer walls of arterial branch
points. Depending upon the magnitude and length of time over
which any one of these insults occurs, the process may be self-
limiting and result in healing of the vessel lining.
Alternatively, and in more severe or chronic cases, the injury
process continues and alters the permeability and activity of
the endothelial cell layer. From this point, adherent cells as
well as the endothelial cells secrete substances that initiate an
immune-directed process within the media of the vessel wall—
immune-directed in the sense that inflammatory cells of vari-
ous types (monocytes, T cells, and macrophages) and the
factors that they secrete (cytokines) play a central role in
directing the process. In response to cytokines, cells not typi-
cally in the media, such as macrophages, T cells, and fibrob-
lasts, migrate into the media in the area of injury (Fig. 1.1
C-E). Smooth muscle cells in the media proliferate and alter
their function with regard to production of the extracellular
matrix and calcium metabolism, while macrophages engulf
oxidized lipids and become lipid-laden macrophages, or foam
cells. While the intent of this reaction is to “heal” the vessel
damage, the result is formation of the earliest atherosclerotic
lesion referred to as an atherosclerotic plaque or “fatty streak.”
These early atherosclerotic lesions or fatty streaks can occur
early in life and are composed primarily of inflammatory cells,
cholesterol, low-density lipoproteins, and calcium. Whether or
not these early lesions progress to more advanced pathologic
lesions depends upon several of the clinical, environmental,
and genetic factors already noted. Research has shown that
cigarette smoking accelerates formation and progression of
these early lesions and that exercise, risk-factor modification,
and medications such as statins cause such lesions to remain
stable or regress.
B. Advanced atherosclerosis. In instances where the vas-
cular injury response advances, it is thought that, for various
reasons, the immune response remains “turned on.” This may
be due to local factors, such as foam cell death and increased
oxidative stress; circulating factors, such as elevated lipids,
glucose levels, or metabolites of cigarette smoke; or genetic
factors related to the immune-response genes. Additionally,
the observation that advanced atherosclerotic plaques occur
mostly at arterial branch points suggests that differences in
local shear stress related to turbulent flow may also act as an
accelerating factor. Whatever the cause, the end result is prop-
agation of the immune response within the wall of the artery,
leading to deposition of calcium between the vessel layers and
formation of an intermediate lesion termed the fibrous cap
(Fig. 1.1F). Capped fatty deposits, also termed atheromas,
can extend into the lumen of the artery, causing the artery to
narrow or become unstable and open or rupture, releasing
debris into the bloodstream (embolization). Atheromas are
also active as they secrete cytokines, which lead to a condition
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termed vascular remodeling. Remodeling is a process in
which smooth muscle cell proliferation continues and acti-
vates a set of enzymes (matrix matalloproteinases) able to
destroy the structural proteins of the vessel wall. One or two
specific metalloproteinases cause breakdown of the structural
proteins in the media and adventitia resulting in weakening
of the artery and dilation of the arterial segment. While such
dilation initially compensates for the luminal narrowing
(stenosis) caused by atheroma or plaque, the process leads to
arterial aneurysm formation if unchecked. In such chronic and
advanced atherosclerotic lesions, the elasticity of the arterial
wall is lost and the process eventually narrows the vessel
lumen or continues to break down the structural components
of the arterial wall to form an aneurysm.

Although intimal thickening and calcification (hardening)
of the arteries are to some degree a “normal aging process,” the
variability or spectrum of disease among individuals is a topic
with many unanswered questions. Why is it that in the same
patient one may find early and complicated lesions as well as
arterial segments completely unaffected? Why is it that ather-
osclerosis appears to lead to occlusive lesions in some individ-
uals but arterial aneurysms in others? Why are some arterial
segments prone to aneurysm formation while others appear
protected against aneurysm formation?

IV. Pathophysiology. To keep the pathophysiology of athero-
sclerosis simple, one may think of three main categories of clini-
cal outcome:

1. Formation of a flow limiting blockage within the artery (sig-
nificant stenosis)

2. Dilation of the artery (aneurysm formation)

3. Release of atheroma down the arterial stream (embolization)

A. Occlusive disease. Atherosclerosis becomes symptomatic
by gradual occlusion of blood flow to the involved extremity or
end organ. Symptoms occur when a critical arterial steno-
sis is reached. Blood flow and pressure are not significantly
diminished until at least 75% of the cross-sectional area of the
vessel is obliterated (Fig. 1.3). This figure for cross-sectional
area can be equated with a 50% reduction in lumen diameter.
The formula for the area of a circle (area = 3.14 X radius?)
explains the relationship between vessel diameter and cross-
sectional area.

Factors other than radius also influence the significance of
an arterial stenosis, but to a lesser extent (Poiseuille’s Law).
These include the length of stenosis (i.e., longer segments
become critical earlier), blood viscosity, and peripheral resist-
ance. In situations where resistance is decreased beyond a
fixed stenosis (vasodilation), velocity and turbulence across
that stenosis increase, resulting in a decrease in pressure
across the lesion (Bernoulli’s principle) (Table 1.1). Evi-
dence also suggests that a series of subcritical stenoses can
have an additive effect, similar to a single critical stenosis
although not linear. Thus, three subcritical stenoses (30%,
40%, and 10%) may not have the same effect as a single 80%
narrowing of a vessel.
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Figure 1.3. Critical arterial stenosis. Blood flow remains relatively
normal across an arterial stenosis until at least 75% of the cross-
sectional area is obliterated (50% diameter reduction).

The hemodynamic concepts pertaining to the velocity of
blood across fixed stenoses are critical to our understanding of
patient symptomatology and physical examination findings.
For example, these concepts help in the diagnosis of patients
who complain of extremity pain with exertion, yet have nor-
mal examinations, including ankle-brachial indices (ABIs),
while at rest in the office. In such patients a basic under-
standing of hemodynamics allows us to recognize the value of
a provocative test, such as walking or treadmill ABIs, in con-
firming or excluding the diagnosis of vascular claudication.

Under normal conditions (i.e., no arterial stenoses) a per-
son’s ABIs will increase with and immediately following walk-
ing. However, if the patient in the above scenario has
significant arterial occlusive disease (stenoses), the ABIs will
decrease in the symptomatic extremity with exercise. In this
situation, Bernoulli’s principle shows that with exertion comes
vasodilation in the extremity, which increases velocity and
turbulence across any fixed stenoses and results in a pressure
decrease across the same area. This decrease in arterial pres-
sure during exertion manifests as decreased exercise ABIs and
symptoms of claudication. Hence, a stenosis may be noncriti-
cal at rest but critical with exercise used as a provocative
maneuver.

B. Aneurysmal disease. Arterial aneurysms arise as a con-
sequence of the loss of structural integrity of the vessel
wall, namely degradation of the network of structural proteins
such as elastin and collagen in the mid and outer layers of the
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arterial wall. Over time, this weakening results in dilation and
aneurysm formation (aneurysm = 1.5 times the normal diam-
eter of the vessel). Once an aneurysm forms, laminar flow is
disturbed in this irregularly shaped vessel, turbulent blood
flow increases, and there is accumulation of mural thrombus
(i.e., clot) within the aneurysm. Although the amount of mural
thrombus can at times be considerable, it does not offer
strength to the aneurysm or prevent expansion or rupture,
and is in fact a risk for embolization or even aneurysm throm-
bosis (occlusion).

The etiology of arterial aneurysms is not fully understood
but shares pathways with the etiology of atherosclerosis
already discussed in this chapter (Fig. 1.4). Unique to aneu-
rysm formation, however, is the important role of the prote-
olytic enzymes referred to as matrix metalloproteinases
(MMPs) and temporary inhibitors of matrix metallopro-
teinases (TIMPs). The balance between the activity and inhi-
bition of these enzymes appears to be negatively altered in
predisposed individuals. This phenomenon, in association with
the inflammatory response associated with atherosclerosis,
results in loss of arterial wall structural integrity and leads to
aneurysm formation.

The tendency for arterial aneurysms to form in certain loca-
tions, such as the abdominal aorta, can be partially explained
by differences in arterial content and hemodynamic factors.
It is accepted that the elastin content of arteries is greatest
during childhood and that the more distal abdominal aorta
has proportionally less elastin content than the paravisceral
or thoracic aorta. Consequently, in individuals affected by
atherosclerosis, the abdominal aorta is proportionally more
susceptible to elastin degradation and, therefore, aneurysm
formation when compared to other arteries higher in either
elastin or smooth muscle content.

Genetic abnormality

in collagen Aging and natural

degeneration of elastin

™~

Atherosclerotic damage Increased proteolytic
to elastin and collagen enzyme activity

Figure 1.4. Factors contributing to the multifactorial pathogenesis
of arterial aneurysms.
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Additionally, it is known that a pulse wave arrives at any
vessel bifurcation and that a portion of this pressure is
reflected back against the arterial wall proximal to the bifur-
cation. Minimal reflections occur when the sum of the cross-
sectional areas of the daughter arteries (e.g., iliacs) to the
parent artery (i.e., aorta) is 1.15 or greater. With advancing
age, this sum decreases even in aortas without atheromatous
change, and so more pressure is reflected back to the wall of
the infrarenal abdominal aorta. The result is a partial stand-
ing wave in the abdominal aorta, the chronicity of which may
contribute to the relative commonality of aneurysms in this
and other locations.

Lastly, it is proposed that there is a relative paucity of vasa
vasorum in the abdominal aorta, which also may contribute to
its relative susceptibility to aneurysm formation. It is hypoth-
esized that the blood supply to the media and adventitia of the
aorta is adversely affected by the atherosclerosis, specifically
through obliteration of these vasa vasorum. Areas in which
the concentration of these nutrient vessels is less, such as the
abdominal aorta, are considered more susceptible to structural
weakening of the artery and aneurysm formation. Congenital
defects in the integrity of the vessel collagen and elastic con-
tent are found in certain connective tissue disorders, such as
Marfan syndrome and Ehlers-Danlos syndrome type IV; these
unique conditions will be described in later chapters.

The risk of aneurysm rupture is described by the Law of
LaPlace, which places arterial wall stress in relation to
vessel diameter and arterial pressure: Wall stress = P X d/t.
Aneurysm rupture occurs when the intralumenal pressure
exceeds the tensile strength of the wall of the artery. The risk
of rupture, therefore, is proportional to aneurysm diameter (d)
and intralumenal or systolic blood pressure (P) and inversely
related to wall thickness (¢).

V. Natural history. Peripheral arterial disease is considered a
diffuse, slowly progressive “polyvascular” disease; polyvascular
in the context that, if present, atherosclerosis affects all arteries
of the body to some degree. During early adult life, arterial dis-
ease usually remains asymptomatic and undiagnosed. However,
if the diagnosis is made, the disease process should be consid-
ered to be present in multiple circulations, most notably the
coronary. It is now accepted that coronary death is the most com-
mon cause of mortality in patients with symptomatic and
asymptomatic atherosclerotic disease, and should therefore be
considered in all patients with arterial disease, even if it is only
apparent in the legs.

Additionally, if atherosclerosis is diagnosed in one area of the
vasculature, a careful history and physical examination will
often reveal evidence of significant disease at other peripheral
sites. For example, a patient may present with calf claudication
but have an unknown abdominal aortic aneurysm palpable on
routine physical examination. The diffuse nature of atheroscle-
rosis requires that the initial patient evaluation include a base-
line examination of the entire vascular system.

The natural history of atherosclerosis is variable. Some
patients are minimally bothered by its presence, while others are
incapacitated. Although atherosclerosis may follow a progressive
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course, the natural history can be altered favorably in most cases
by appropriate risk-factor modification, use of select medication,
and invasive treatment in certain cases. Although not curative,
properly selected arterial interventions can offer excellent palli-
ation of the atherosclerotic process. Subsequent chapters will
emphasize specific aspects of the natural history of atherosclero-
sis, so that clinicians can select patients who are most likely
to benefit from medical, endovascular, and open surgical inter-
vention.
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CHAPTER 2

Venous Disease

The spectrum of venous disorders ranges from unsightly (spider
veins) to uncomfortable (varicose veins) to disabling (chronic
venous insufficiency). Although many venous problems are
chronic, thromboembolic events are acute and life-threatening. A
solid understanding of the basic principles of venous disease can
help the clinician effectively diagnose and treat these challenging
patients.

I. Magnitude of the problem. The magnitude of venous dis-
ease is widespread, with at least 15% of the U.S. population
affected by simple varicose veins, and an even greater preva-
lence among women and the elderly. Another 5-10% are afflicted
by chronic venous insufficiency, defined by skin changes in
the leg related to prolonged venous hypertension in the deep
and/or superficial venous system. Acute deep venous throm-
bosis (DVT) affects several hundred thousand people annually.
A spectrum of postphlebitic syndrome, defined by symptoms
of leg pain, edema, and/or ulceration, exists in all patients to
some extent in the years following DVT. Pulmonary throm-
boembolism is a potential life-threatening consequence of
untreated DVT, and is the most common preventable cause of
death in hospitalized patients.

Chronic venous disease is classified by the CEAP grading
system (Table 2.1), a standardized reporting method used
worldwide. Four key features of venous disease are included:
clinical signs, etiology (congenital, primary, or secondary),
anatomic location (superficial, deep, or perforator), and patho-
physiology (reflux, obstruction, or both). This system was estab-
lished in 1995 by an international Ad Hoc Committee of the
American Venous Forum to encourage uniform reporting of
venous disease and promote clinical study including natural his-
tory and treatment strategies.

Table 2.1. Basic CEAP classification
of chronic venous disease

Clinical Anatomy

C, no signs of venous disease As superficial veins
C, telangiectasias or reticular veins Ap perforator veins
C, varicose veins Ad deep veins

C, pigmentation or eczema Pathophysiology

C, healed venous ulcer Pr reflux

Cs active venous ulcer Po obstruction

Etiology Pr,o reflux and obstruction
Ec congenital

Ep primary

Es secondary (post-thrombotic)

12
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II. Anatomy. Descriptions of venous anatomy have been his-

torically limited by a lack of standardized nomenclature. The

current consensus nomenclature should be utilized uniformly.
A. The superficial venous system (Fig. 2.1) of the lower
extremity includes the great saphenous vein (GSV), small
saphenous vein, and their tributaries. The GSV is occasion-
ally duplicated in the thigh or calf. In the thigh, an anterior
accessory GSV is the most constant branch. At the knee, the
saphenous nerve becomes superficial and joins the great
saphenous vein as it courses down the leg, an anatomic prox-
imity that is relevant in instances where intervention on the

' Superf epigastric a. & V.

Femoral v.

“ [ ‘.
. &.ﬁ
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iliac a. & v.
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great saphenous v.
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great saphenous v.
Greater saphenous v.
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femoral canal

Saphenous v.
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Great saphenous v. Upper ~ teri
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\ f Lower
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33

Figure 2.1. Anatomy of the great saphenous vein and perforators.
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great saphenous vein is considered. Below the knee, the poste-
rior accessory saphenous vein drains into the great saphenous
vein. Numerous medial perforating veins connect the deep calf
veins with the great saphenous system and are called perfo-
rating veins. The small saphenous vein (formerly the lesser
saphenous vein) ascends along a posterior course in the calf
to join the popliteal vein in the popliteal fossa in the majority
of limbs (Fig 2.2). As a normal variant, the small saphenous
vein may continue cephalad to join the great saphenous or
femoral vein.

B. The deep veins of the lower extremity are the paired pos-
terior tibial, peroneal, and anterior tibial veins in the calf,
which ascend with their correspondingly named arteries. The
popliteal vein becomes the femoral vein in the adductor
canal. The profunda femoris vein drains the lateral thigh

Intersaphenous v.

Cranial extension of
the small saphenous v.

Popliteal v.

Great
saphenous v.

Saphenous n.
Lat. sural cut. n.

Medial
gastrocnemius Lateral
perforators gastrocnemius
perforators
Small Sural n.
ma

saphenous v. Lateral leg

Lateral ankle
perforator

01998

Figure 2.2. Anatomy of the small saphenous vein. Note the proxim-
ity of the small saphenous vein to the sural nerve. (Reprinted with
permission from the Mayo Foundation.)
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muscles, joining with the femoral vein to become the common
femoral vein in the groin. The external iliac vein begins above
the inguinal ligament, before its confluence with the internal
iliac vein at the sacroiliac joint which then becomes the com-
mon iliac vein.

C. Perforating veins connect the superficial with either the
deep veins (direct perforators) or with venous sinuses in the
calf (indirect perforators). Abundant perforating veins nor-
mally direct flow from the superficial toward the deep network
via a system of venous valves. The more anatomically con-
stant direct perforators are located in four general locations:
medial calf (paratibial and posterior tibial perforators),
lateral calf, thigh, and foot. Perforators have often been
assigned eponyms, but in modern nomenclature are described
according to their anatomic location.

D. Venous sinuses comprise a thin-walled, valveless, large
capacitance system located in the calf musculature. When the
calf muscles contract, pressures in excess of 200 mm Hg are
created, propelling venous blood toward the heart. A normally
functioning calf-muscle pump displaces >60% of venous blood
within that leg into the popliteal vein with a single contraction.
E. Venous valves. A unique histologic feature of many veins
is the presence of valves. These bicuspid, endothelialized struc-
tures direct “one-way” flow of venous blood from the extremity
toward the heart, and by their closure prevent reflux. Present
throughout the column of venous blood from the foot to the
inguinal ligament, these valves work to equalize pressure
throughout the venous system. Valves are present in the both
superficial and deep veins. In the lower extremity the greatest
number are located below the knee, decreasing in frequency
until the inguinal ligament. A single valve in the common
femoral vein or external iliac that may protect against “spill-
over” reflux into the great saphenous vein is absent in one-
third of the population. The common iliac, vena cava, and
portal venous system are devoid of valves.

F. The vein wall is comprised of the same concentric layers
discussed in the previous chapter (intima, media, and adven-
titia), although their composition and function differ slightly
in the venous circulation. These differences include (a) a thin
wall that is one tenth to one third as thick as an artery, (b) less
elastic tissue, (c) an attenuated media comprised of smooth
muscle and adventitia, and (d) a thickened adventitia com-
prised of fibroelastic connective tissue. Although veins possess
vasa vasorum, they receive most of their nourishment by
diffusion from the bloodstream.

G. Upper extremity. As with the lower extremity, anatomic
variations are far more common in the venous than in the
arterial system. The cephalic, median antebrachial,
brachial, and basilic veins constitute the venous system of
the arm (Fig. 2.3). The cephalic and median antebrachial veins
are generally considered superficial veins of the arm while the
basilic and brachial veins are subfascial or deep. The superfi-
cial or deep location of upper extremity veins is particularly
important as one considers formation of arteriovenous circuits
(arteriovenous fistula) for hemodialysis access in the arm
(Chapter 20). At the elbow fossa, the median cubital vein
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Figure 2.3. Anatomy of the veins of the upper extremity. Anatomic
variations in the upper-extremity veins, as with those of the lower
extremity, are common.

joins the cephalic with the basilic vein, and also receives a
deep communicating branch from the forearm. The paired
venae comitantes course with the arteries in the forearm,
becoming the paired brachial veins in the upper arm. The
medial brachial vein and basilic vein typically join at the axil-
lary vein, which then becomes the subclavian vein at the bor-
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der of the first rib. In contrast, the cephalic vein joins the sub-
clavian vein at the delto-pectoral groove of the anterior
shoulder.
III. Etiology.

A. Venous insufficiency or reflux results from a failure of
one or more of the valves within the venous system, resulting
in loss of the balance of venous pressure. In the setting of
reflux, the venous system below the abnormal segment is
exposed to high venous pressures from pooling of blood due to
gravity. Under these circumstances, venous pressure in the
lower extremity in a person who is standing can be chronically
elevated and sustained as high as 150-200 mm Hg (as long as
the individual is on his or her feet). This condition preferen-
tially affects the most dependent parts of the extremity and
over time leads to venous distention, seeping of blood compo-
nents into the interstitial space, and the sequelae of chronic
venous insufficiency. Venous reflux can affect any combina-
tion of the superficial, perforator, and deep veins, and can be
the result of a degenerative process, as is commonly seen in
varicose veins. From the histological standpoint, varicose
veins possess less elastin and less contractile force and, as
a result, are more prone to dilate and become varicose in a
setting of chronic venous hypertension.

Valvular dysfunction may also be acquired after a throm-
botic event damages the valves, resulting in a fibrous contrac-
ture of the cusps (postphlebitic syndrome). Deep venous
insufficiency usually follows thrombosis (DVT) and is some-
times a result of primary degeneration or congenital defect in
the valves. Thrombosis not only adversely affects the valves of
the venous system but also damages the endothelium of the
deep veins, rendering it ineffective at preventing future clot
formation. Postphlebitic syndrome develops years after a DVT
and is a result of valvular and endothelial dysfunction of the
deep veins. Postphlebitic syndrome is a clinical spectrum pres-
ent in all patients who have had DVT and can, in its most
severe form, lead to venous hypertension, edema, subdermal
scarring (lipodermatosclerosis), and venous ulceration.
Venous ulcers occur most commonly at the medial and lateral
malleoli of the leg (e.g., the most dependent), where venous
pressures over time are the greatest.

B. Venous obstruction may be due to either intrinsic or
extrinsic venous disorders. Failure of the deep vein to reopen
(recannulize) after thrombosis can lead to reflux as well as out-
flow obstruction. The most severe clinical symptoms of post-
thrombotic syndrome occur in limbs with a combination of
reflux and obstruction. Klippel-Trénaunay syndrome is a
congenital triad of capillary hemagiomas (port-wine stains),
limb hypertrophy, and varicose veins. Patients with this condi-
tion may have venous obstruction as a consequence of complete
(aplasia) or partial (hypoplasia) development of the deep
venous system. The etiology of extrinsic venous compression
can be pelvic malignancy, retroperitoneal fibrosis, and iatro-
genic or congenital factors. A condition known as May-
Thurner syndrome results from compression of the left
common iliac vein underneath the right common iliac artery.
This anatomic relationship is asymptomatic in most adults, but



18 Section I. Vascular Pathophysiology

a small fraction may manifest edema, subtle leg asymmetry, or
venous thrombosis. It is speculated that the anatomic proxim-
ity of the left iliac vein underneath the right iliac artery is
responsible for the higher prevalence of left lower extremity
venous thrombotic events compared to the right.
C. Acute venous thrombosis may result from a combina-
tion of three factors that comprise Virchow’s triad: stasis,
intimal injury, and hypercoagulability.
1. Venous stasis may result from immobilization, such as
in patients in a postoperative situation. Slow movement of
blood, particularly through valve cusps, may predispose to
leukocyte adhesion and local hypoxia, triggering endothe-
lial injury and hypercoagulable factors.
2. Minor endothelial injury and the ensuing cascade of
platelet migration and fibrin adherence is usually balanced
out and overcome by the intrinsic fibrinolytic system. How-
ever, significant injury, as may be associated with an
indwelling catheter, or in combination with other permis-
sive factors, may result in thrombosis.
3. Hypercoagulable states that predispose to venous
thrombosis may be genetic (hereditary) or acquired (Chap-
ter 2). Common acquired states include the postoperative
condition (transient decrease in fibrinolysis and increase in
procoagulant factors), trauma, malignancy, pregnancy, and
oral contraceptives. Genetic hypercoagulable states may
contribute to 50-60% of unexplained DVTs, and should be
investigated in those patients with iatrogenic, familial, or
recurrent thrombosis (Chapter 2).
D. Pulmonary thromboembolism results from dislodged
venous thrombi, which travel to the right heart and through
the tricuspid and pulmonic valves of the heart to lodge in the
pulmonary arteries. The majority come from untreated lower
extremity thrombosis, but may also come from pelvic and
upper extremity veins.
IV. Pathophysiology.
A. Normal physiology. Venous pressure at the ankle meas-
ures the weight of the column of blood to the level of the right
atrium. Normal pressures in the standing position are 90-100
mm Hg, depending on height. With exercise, the calf muscle
propels blood from the leg, reducing the venous pressure by
over 70% after about 10 steps. The recovery time to refill the
calf with venous blood upon cessation of exercise normally
exceeds 20 seconds (mean 70 seconds) (Fig. 2.4).
B. Superficial venous insufficiency. Patients with vari-
cose veins may only be able to reduce their ambulatory venous
pressure by 30-40%. As much as one fifth to one fourth of the
total femoral outflow is refluxed into the incompetent saphe-
nous system, back down the leg in a “circus” motion.
C. Deep venous insufficiency. With deep venous insuffi-
ciency, ankle pressures may decrease less than 20% with exer-
cise and calf refill time is abnormally fast. Limbs with
combined deep and perforator reflux in particular may
develop significant venous volume pooling in the calf at rest
and an inefficient calf-muscle pump with activity.
D. Deep venous obstruction. Ambulatory venous pressures
may not decrease with exercise and may even increase. Signif-
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Figure 2.4. Ambulatory venous pressures. Normally, leg exercises
cause lower-extremity venous pressures to drop approximately 70%
because the musculovenous pump propels blood toward the heart
and competent venous valves prevent reflux. Normal return to base-
line venous pressure after exercise with refilling of the calf muscle
is greater than 20 seconds. Varicose veins (superficial veins) are
associated with a 30-40% venous pressure reduction with exercise
because a portion of deep venous return is refluxed down the incom-
petent saphenous vein. Deep venous valve incompetence results in
less initial drop in venous pressure, but a more rapid restoration of
venous pressure in the leg with cessation of exercise. (Adapted from
Schanzer H, Peirce EC II. Pathophysiologic evaluation of chronic
venous stasis with ambulatory venous pressure studies. Angiology.
1982;33:183-191.)

icant venous outflow obstruction may lead to ambulatory
venous hypertension and venous claudication, a charac-
teristic “bursting” sensation in the leg with ambulation. The
presence of venous collaterals may diminish the symptoms of
venous obstruction.
E. Pulmonary embolism. The main physiologic conse-
quence of acute pulmonary embolism is hypoxemia, which is
primarily the result of mechanical blockage of the pulmonary
arteries. Significant pulmonary emboli to either pulmonary
artery (or certainly a saddle embolus that straddles the
main pulmonary arteries) cause outflow obstruction from the
right heart and right heart strain or failure. Large pulmonary
emboli may lead to sudden cardiovascular collapse from
hypoxia as well as right heart failure. Smaller or recurrent
emboli can also be fatal, particularly in people with underly-
ing cardiopulmonary disease who are unable to compensate.
V. Natural history. Although venous thrombosis can acutely
threaten life, many venous disorders are chronic problems. It is
important that both the patient and physician understand this
chronicity. In most cases, the natural history can be altered so
that the patient remains productive and comfortable.
A. Varicose veins and telangiectasias (spider veins) are
nearly universal. Natural history may range from the asymp-
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tomatic unsightly appearance, to achiness and heaviness after
prolonged standing, to swelling and itching in the limb. Super-
ficial thrombophlebitis may occur, but is rarely complicated by
deep venous thrombosis or pulmonary embolism. Large vari-
cosities can cause overlying ulceration of the skin and (rarely)
bleeding, especially in elderly or debilitated people.

B. Postphlebitic syndrome is present in all individuals
who have had DVT. For the first year or two following a DVT
event, it consists of mild chronic leg discomfort and mild
edema. Five years after the DVT, however, 50% of patients
have developed significant leg edema, induration, and stasis
dermatitis at the ankle. Another 5-20% of individuals develop
venous ulceration. By 10 years, more than 90% have lower
extremity symptoms. The natural history of post-thrombotic
syndrome can be altered by compression therapy with heavy
support hose (40 mm Hg). Thrombolytic therapy (catheter-
directed thrombolysis) for acute, symptomatic DVTs in the
proximal circulation of the extremity may favorably alter the
natural history of postphlebitic syndrome by more quickly
reducing clot burden, preventing venous obstruction, and
reducing valvular damage.

C. Acute deep venous thrombosis. The most serious con-
sequence of deep venous thrombosis is thromboembolism to
the lung. Pulmonary embolism seldom occurs when the throm-
bus is located below the knees, and is more common with
iliofemoral thrombosis. The natural course for many patients
with simple deep venous thrombosis, even without anticoagu-
lation, is resolution of the acute tenderness and swelling. Over
a period of 3-6 months, the deep veins usually recanalize.
Without appropriate anticoagulation, about 30% of untreated
patients have recurrent thrombosis or pulmonary embolism
with a high mortality. Most limbs with acute venous thrombo-
sis are normal in color or have a cyanotic appearance. In con-
trast and in more severe cases, phlegmasia alba dolens
(turgid, white, painful leg) occurs with extreme acute venous
outflow obstruction. A more severe manifestation of venous
thrombosis is phlegmasia cerulea dolens (turgid, blue,
painful leg), in which massive swelling can lead to arterial
compromise and venous gangrene.

D. Pulmonary embolism. Because many episodes of deep
venous thrombosis probably go undetected, the incidence of
thromboembolism to the lungs is difficult to ascertain. Esti-
mates indicate a pulmonary embolism rate of 5% even in ade-
quately treated patients. Approximately one patient in 10 with
a symptomatic pulmonary embolus dies within an hour. The
remaining patients who are adequately treated with anticoag-
ulants usually follow a course of complete resolution and
return to good cardiopulmonary function within several
weeks. The most important factor predicting a poor prognosis
is pre-existing heart disease. A minority of patients develop
recurrent emboli and pulmonary hypertension with cor
pulmonale (right heart failure).
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CHAPTER 3

Hypercoagulable Disorders

The opening chapters of this handbook address the basic con-
cepts of the arterial and venous systems in health and disease.
Because hypercoagulable conditions play such a significant role
in the management of patients with arterial and venous disease,
this chapter is included as a basic tenet of vascular pathophysi-
ology. The medical term thrombosis refers to the formation of
clot, and thrombophilia describes a physiologic state in which
blood has an increased tendency to form clot. This chapter pro-
vides a summary of inherited (i.e., genetic) and acquired hyper-
coagulable conditions, their prevalence in the populace, and
basic concepts related to their management.

Hypercoagulable conditions in the formation of clot (thrombo-

genesis) were acknowledged around the year 1860 by Rudolph
Virchow, who recognized them as a part of the triad (Virchow’s
triad) of factors contributing to thrombosis (hypercoagulable
condition, endothelial injury, and stasis of blood). It is estimated
that nearly 2 million persons in the United States die annually
from arterial or venous thrombosis. Inherited disorders and/or
acquired factors causing hypercoagulability are responsible for
more than half of these events. Genetic factors are recognized
as primary hypercoagulable states, while acquired disorders
are considered secondary forms of hypercoagulability (Tables 3.1
and 3.2).
I. Mechanisms. The coagulation cascade consists of the
intrinsic and extrinsic pathways. The extrinsic pathway includes
tissue factor, and factors VII, X, V, and II, and fibrin. The intrin-
sic pathway consists of factors, all of which are contained in the
blood, specifically, high molecular weight kininogen, pre-
kallikrein, and factors XII, XI, IX, VIII, X, and V, as well as pro-
thrombin (factor II) and fibrinogen. The extrinsic pathway is
viewed as the primary pathway of coagulation and is triggered
by vascular damage and exposure of tissue factor to blood.
Thrombin, created by the extrinsic pathway, activates factor XI
of the intrinsic pathway in a positive feedback manner, assuring
that clot will be formed independently of tissue factor.

Table 3.1. Inherited thrombophilia disorders

Antithrombin III deficiency
Protein C deficiency

Protein S deficiency

Activated protein C resistance
Factor V R506Q (Leiden) mutation
Homocystinemia

Prothrombin gene variant (20210A)
Hypoplasminogenemia
Dysfibrinogenemia

22
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Controls within this system exist to prevent excess throm-
bin formation and undesired thrombosis. Specifically, plasma
proteins and endothelial receptors act to counterbalance the
coagulation cascade. Antithrombin III acts as an inhibitor of
thrombin and other coagulation factors to a lesser degree. The
activity of antithrombin III is enhanced by heparin and heparin-
like molecules (polysaccharides) exposed on the endothelium of
blood vessels. Also exposed on the endothelial cell is the receptor
thrombomodulin. Thrombin binds to thrombomodulin and
loses its procoagulant potential. It then participates, with throm-
bomodulin, in the activation of the protein C system. Protein C
is a proenzyme of a serine protease, which inactivates the clotting
factors Va and VIIIa. Protein S is a cofactor to protein C and
greatly accelerates its activity, thereby further preventing clot
formation. As factor V is a central coagulation factor common to
both the intrinsic and extrinsic pathways, its inactivation by pro-
tein C is especially important in controlling hypercoagulability
and excess clot formation.

II. Inherited hypercoagulability. Of all patients with a
hypercoagulable condition, a genetic or familial cause can be
identified nearly 40% of the time. Discovery of antithrombin III
deficiency and characterization of the protein C and protein S
systems identified an important but very small percentage of
individuals and families affected by familial thrombosis. Protein
C and S and antithrombin III deficiencies are autosomal domi-
nant forms of inherited hypercoagulability and were among the
first of this category to be described; however, they are responsi-
ble for only 5% to 10% of cases of familial thrombosis (Table 3.1).

In 1994, a point mutation in factor V of the coagulation path-
way was identified by Bertina et al. in Leiden (the Netherlands).
This genetic mutation was found to cause activated protein C
resistance and an associated hypercoagulable condition. This
mutation at position 506 of the factor V polypeptide is called fac-
tor V Leiden and leads to an activated protein C resistance (APC
resistance). Factor V Leiden is absent in certain ethnic groups
but is present in up to 15% of some Caucasian populations. In
contrast to the relative rarity of the protein deficiencies, APC
resistance has been described in up to 60% of patients with
familial thrombosis. Importantly, some individuals may be
affected by more than one genetic disorder and usually present
early in life with one or more thrombotic events.

A. Antithrombin III deficiency. Antithrombin III defi-

ciency is an autosomal dominant disease, and its prevalence in

the population is one in 2,000 to 5,000 people. Antithrombin

IIT is synthesized by liver cells (hepatocytes) and inactivates

thrombin as well as other coagulation factors. Its activity is

greatly enhanced by heparin. Two types of antithrombin III

deficiency exist, the most common resulting from decreased

synthesis of a biologically normal molecule. These patients
have functional levels of circulating antithrombin III that are
only 50% of normal. The second type of antithrombin IIT defi-
ciency is less frequent and results from a functional deficiency
associated with specific molecular abnormalities in the mole-
cule involving the heparin or thrombin-binding domains.
Antithrombin III deficiency is suspected when patients have
recurrent, familial, and/or juvenile deep vein or mesenteric
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venous thrombosis. Such an event frequently occurs in con-
junction with another recognized predisposing event such as
trauma, immobilization, pregnancy, or oral contraceptives.
Deficiency may also be suspected by the inability to anticoag-
ulate a patient with intravenous heparin. Such patients may
require unusually large doses of heparin to achieve anticoagu-
lation or may actually require treatment with fresh frozen
plasma (FFP) that contains antithrombin IIT along with intra-
venous heparin in order for the heparin to be active.

Acquired antithrombin III deficiency may also be seen with

liver and kidney disease, sepsis, oral contraceptives, and some
chemotherapeutic agents.
B. Deficiencies in protein C and S system. The protein C
and S system is a major regulator of blood fluidity. Its actions
are particularly important at the capillary level where there
exists a relatively high concentration of thrombomodulin re-
ceptors on endothelial cells. These deficiencies are also inher-
ited as autosomal dominant traits and are most frequently
heterozygous. The prevalence of protein C deficiency is one in
200 to 300. Homozygous forms of protein C or S deficiency are
associated with extreme, highly lethal forms of thrombosis in
infancy, termed purpura fulminans. Both forms of protein C
or S deficiency have also been associated with a condition
referred to as warfarin-induced skin necrosis. In this dis-
order, skin necrosis begins within days of initiation of warfarin
therapy (Coumadin). Its pathogenesis is related to a transient,
severe hypercoagulable state related to an exaggerated protein
C deficiency caused by warfarin. It is treated with intravenous
heparin, administration of vitamin K, and/or plasma protein C
concentrates.

Acquired protein C and S deficiencies occur with activation

of inflammatory response syndromes, such as severe sepsis. In
such conditions the complement system is upregulated and
C4b binding protein (present in the activated complement sys-
tem) binds and inactivates protein S, creating a relative pro-
tein S—deficient state. Acquired deficiencies may also be
present in liver disease, pregnancy, postoperative states, and
nephrotic syndrome.
C. Activated protein C resistance. One of the most preva-
lent hereditary hypercoagulable states is APC resistance. Also
called factor V Leiden, the prevalence of this hypercoagulable
condition varies widely from one population to another but
has been demonstrated in 40% to 60% of patients with famil-
ial thrombosis. Factor V Leiden is considered the most com-
mon form of hypercoagulable condition in people of European
and Asian descent. A limitation in identifying individuals who
have activated protein C resistance is the inability to accu-
rately perform testing in patients who are anticoagulated (i.e.,
taking Coumadin). However, testing for the factor V genetic
mutation (position 506 of the factor V polypeptide) is not
affected by Coumadin or heparin and allows for more accurate
identification of patients with this condition.

Similar to protein C or protein S deficiencies, patients who
are homozygous for factor V Leiden have a much higher risk of
thrombosis than patients who are heterozygous for the muta-
tion. The most common manifestation of APC resistance is
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deep venous thrombosis (DVT), and, in contrast to persons who
are homozygous for protein C or protein S deficiency, some
persons homozygous for factor V Leiden never experience
thrombosis.

As with other inherited hypercoagulable conditions, the
development of thrombosis in APC resistance is affected by
the coexistence of other genetic or circumstantial risk factors
(Virchow’s triad). The most common risk factors affecting
APC-resistant individuals are oral contraceptive use, preg-
nancy, trauma, and surgery. Women who are heterozygous for
factor V Leiden and use oral contraceptives have a near 30-
fold increase in risk for venous thrombosis; women who are
homozygous have a several hundred—fold increase in risk for
similar events. Although our understanding of this condition
is relatively new, the factor V Leiden mutation appears to be
more commonly associated with venous thrombotic events
than with arterial thrombosis.

D. Hyperhomocysteinemia. Abnormalities in the metabo-
lism of homocysteine result in increased circulating levels of
this sulphur-containing amino acid (>14 pmol/L). Addition-
ally, acquired hyperhomocysteinemia may occur as a result of
deficiencies of vitamin By, vitamin B,,, or folate. Hyperhomo-
cysteinemia is present in 5% of the population and is associ-
ated with early atherosclerosis and, less commonly, venous
thrombosis. Elevated homocysteine levels act primarily by
causing endothelial dysfunction and platelet activation. Circu-
lating homocysteine levels have been shown to alter favorably
with B-vitamin and folate supplementation; screening indi-
viduals who have premature atherosclerosis is recommended.
Recently, however, the role of B-vitamin and folate supple-
mentation in preventing early atherosclerosis in this setting
has been called into question and its clinical effectiveness
remains unsettled.

E. Prothrombin gene variant (20210A). A genetic muta-
tion on position 20210 of the prothrombin gene was discovered
in 1996 and is referred to as the prothrombin variant. This
mutation results in overproduction of the clotting factor pro-
thrombin (factor II) causing an increased tendency to form
clot. Heterozygous prothrombin mutations are found in about
2% of the Caucasian population and 0.5% of the African Amer-
ican population and are present in 20% of patients with famil-
ial venous thrombophilia. Having the prothrombin mutation
primarily increases one’s risk of venous thrombosis and throm-
boembolism (by two to three times) but may also predispose to
arterial thrombosis, although to a lesser degree.

F. Other primary hypercoagulable states. Other less
common inheritable hypercoagulable syndromes exist and con-
sist mostly of disorders related to plasminogen synthesis or
release. Plasminogen is a pro-enzyme that is released into the
bloodstream and converted to the active form plasmin by an
enzyme called tissue plasminogen activator (tPA). Plasmin
plays an important role in maintaining blood fluidity by break-
ing down fibrin clots in an action referred to as fibrinolysis.
Individuals with disorders of the plasminogen and fibrinolysis
pathways have high rates of venous and arterial thrombosis
often at an early age.
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Table 3.2. Causes of acquired hypercoagulable disorders

Cigarette smoking

Pregnancy

Oral contraceptives

Hormone replacement therapy
Heparin-induced thrombocytopenia
Antiphospholipid syndrome
Malignancy

Antineoplastic medications
Myeloproliferative syndromes
Hyperhomocysteinemia
Inflammatory bowel disease

III. Acquired hypercoagulability (Table 3.2).

A. Smoking. The nicotine and carbon monoxide in cigarette
smoke cause endothelial dysfunction with increased platelet
deposition and lipid accumulation. Smoking decreases the pro-
duction of prostacyclin, a potent vasodilator and inhibitor of
platelet aggregation, and increases blood viscosity. These and
other effects make smoking the most common acquired hyper-
coagulable condition and contributor to arterial and venous
thrombosis.

B. Heparin-induced thrombocytopenia occurs in 2% to
3% of patients who undergo therapy with unfractionated
heparin. This acquired condition results from the formation of
antiplatelet antibodies after exposure to heparin. Patients who
have heparin-associated antiplatelet antibodies have extreme
platelet aggregation and thrombosis when exposed to heparin
(heparin-induced thrombocytopenia and thrombosis, or
HITT). The development of antibodies to heparin is independ-
ent of patient age, gender, or amount or route of heparin expo-
sure. All forms of heparin, including low-molecular weight
heparin, can result in antibody formation. Clinical presenta-
tion of heparin-induced thrombocytopenia and thrombosis
includes decreasing platelet count, resistance to anticoagula-
tion with heparin, and often severe thrombotic events. Man-
agement includes avoidance of all forms of heparin, initiation
of platelet inhibition with intravenous administration of Dex-
tran 40 or Abciximab (ReoPro), and/or use of one of the direct
thrombin inhibitors (DTIs) Argatroban, lepirudin (Refludin),
or bivalirudin (Angiomax), depending upon the clinical scenario
and thrombus burden.

C. Oral contraceptives/pregnancy. Exogenous estrogens
are associated with an increased risk for venous thrombosis as
well as coronary and cerebral arterial thrombotic events.
Estrogens are associated with decreased antithrombin III and
protein S activities and increases in activated factors VII and
X. Estrogens have also been associated with decreased levels
of thrombomodulin and a subsequent reduction in protein C
activity. The combination of the factor V Leiden mutation plus
the use of certain oral contraceptives places the patient at a
nearly 30-fold increase for venous thrombosis.
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Pregnancy is associated with an increase in nearly all of the

clotting factors, an increased platelet count, and a decrease in
protein S activity. In addition, pregnancy is associated with
decreased antithrombin. These factors combined with venous
stasis from the uterus compressing venous drainage of the
legs lead to at least a fivefold increase in venous thrombosis
during pregnancy.
D. Antiphospholipid syndrome (APS) is also referred to as
Hughes syndrome after the rheumatologist Graham R.V.
Hughes, who described the syndrome while working at St.
Thomas’s Hospital in London. APS is present in 1% of the pop-
ulation, is more common in women than in men, and increases
in prevalence with age. Antiphospholipid syndrome is caused
by circulating antibodies to negatively charged proteins that
bind to phospholipids in the bloodstream and can be diagnosed
using the assay for either anticardiolipin antibody or cir-
culating lupus anticoagulant. The main target for the anti-
cardiolipin antibody appears to be a negatively charged protein
called B, Glycoprotein-1, while the target for the lupus antico-
agulant is prothrombin (factor II). The assay for anticardi-
olipin antibody is most sensitive and specific for the diagnosis
of APS. Circulating lupus anticoagulant may be independent of
an underlying collagen vascular disorder (primary APS) or
part of the connective tissue disease such as systemic lupus
erythematous (SLE), in which case it is referred to as second-
ary APS. As many as 50% of individuals with SLE or lupus-like
disorders have either the circulating lupus anticoagulant or
antiphospholipid antibodies.

The most common arterial event in patients with APS is

ischemic stroke, while the most common venous event is DVT.
Antiphospholipid antibody syndrome is also known to cause
pregnancy-related complications, including late-term miscar-
riage likely due to a thrombotic event. The pathogenesis of
thrombosis in individuals with APS is not well understood but
has been suggested to involve autoantibodies that inhibit
endothelial cell prostacyclin or that interfere with thrombo-
modulin-mediated protein C activation.
E. Malignancy. The association of malignancy and venous
thrombosis is well recognized. One of the first recognized pat-
terns of this association was that of superficial thrombosis
in patients with adenocarcinoma of the bowel or pancreas or
cancers of the lung (Trousseau’s syndrome). Patients who
develop deep venous thrombosis and have no other identifi-
able risk factors have a 10% chance of having an undiagnosed
malignancy. The hypercoagulable state associated with malig-
nancy is due to interaction of tumor cells and their products
with host cells. This interaction leads to elimination of nor-
mal protective mechanisms that the host employs to prevent
thrombosis.

Tumor cells may induce procoagulant properties such as
secretion of tissue thromboplastin, which is a constituent com-
posed of protein and phospholipid that is widely distributed in
many tissues. Tissue thromboplastin serves as a cofactor with
factor VIIa to activate factor X in the extrinsic pathway of
blood coagulation, and its secretion in the setting of malig-
nancy may contribute to a relative hypercoagulable condition.
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Additionally, tumor cells may cause the release of proteases,
which activate clotting factors. Patients with malignant dis-
ease may also have increased levels of factors V, VIII, IX, and
X. Cancer patients frequently have other risk factors that
place them at risk for thrombosis, such as chemotherapeutic
treatment, in-dwelling central venous catheters, and limited
mobility.
F. Antineoplastic drugs. Chemotherapeutic agents have
been associated with vascular abnormalities such as throm-
botic thrombocytopenic purpura, Budd-Chiari syndrome,
myocardial infarction, and venous thrombosis. Thrombo-
tic events are related to hypercoagulable states caused by
the effect of these drugs or their metabolites on vascular
endothelium.

G. Myeloproliferative syndromes. At least three myelo-

proliferative disorders have been associated with thrombosis

and hypercoagulable conditions likely secondary to increases
in whole blood viscosity. The disorders, polycythemia vera,
essential thrombocythemia, and agnogenic myeloid
metaplasia, may also affect platelet function either directly
or indirectly. In addition to association with extremity venous
thrombosis, the myeloproliferative disorders predispose indi-
viduals to mesenteric, hepatic, or portal venous thrombosis.
This type of hypercoagulable state rarely manifests as arterial
thrombosis unless combined with other thrombotic risk fac-
tors previously described.

IV. Management. The management of patients with identified
hypercoagulable states is highly individualized and often hinges
on the decision whether or not to anticoagulate an individual in
a prophylactic manner. Unfortunately these clinical decisions
are not yet guided by prospective clinical studies. Hypercoagu-
lability is now viewed as a multigenic or multi-risk factor
disease. Except for a few rare inherited homozygous conditions,
thrombophilia exists in patients with one or more additive risk
factors that in combination may or may not reach a thrombotic
threshold. The decision to anticoagulate rests on the number
of identified risk factors in a given patient and whether or not
that patient has experienced one (or more) thrombotic events.
This decision should involve a multidisciplinary approach and
include internists, hematologists, vascular medicine specialists,
and vascular surgeons. Generally, asymptomatic patients are not
anticoagulated unless additional risk factors such as surgery are
anticipated.

Long-term prophylaxis with warfarin is considered when a
patient with an identified hypercoagulable condition has experi-
enced two or more thrombotic events or a single life- or limb-
threatening event. This general guideline may be modified in
patients with prosthetic grafts, heart valves, or, specifically, cer-
tain identified hypercoagulable conditions. Immediate therapy
for acute thrombosis consists of unfractionated or low molecular
weight heparin with initiation of oral warfarin (see Chapter 21).
In select instances, there may be a role for catheter-directed
thrombolysis of symptomatic extremity thrombosis or use of
direct thrombin inhibitors in cases of HITT. Given the risk of
warfarin-induced necrosis in patients with protein C or S
deficiency, it is recommended that warfarin therapy be
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initiated with the patient fully anticoagulated with intra-
venous unfractionated heparin or therapeutic doses of
low molecular weight heparin.
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SECTION I

Examination of the
Vascular System

INITIAL PATIENT EVALUATION

The interview and physical examination provide information
that directs the need for additional diagnostic testing and treat-
ment of patients with vascular disease. Today’s noninvasive vas-
cular testing and imaging technologies tend to divert attention
from the importance of talking to and examining the patient.
These diagnostic tests add valuable hemodynamic and anatomic
data but do not replace the need for a careful history and
physical examination as the first step in optimal patient
care. Even in this era of specialized imaging, the adage that “the
patient will tell you what’s wrong, if you’re willing to listen”
remains true.

The initial history and physical examination serve several pur-
poses. The process enables the clinician to establish a clinical
impression or preliminary diagnosis. Vascular diseases mani-
fest physical changes that are apparent by inspection, palpation,
and auscultation. Interviewing and examining the patient often
provide enough information for a good clinical impression. Diag-
nostic tests can then be ordered in a more appropriate and effi-
cient manner to further hone the clinical impression.

The history and physical also allow the clinician to determine
the urgency for treatment. Although some vascular problems
require urgent intervention, most entail elective evaluation and
treatment. This important distinction must be made on the basis
of the history and physical exam and not the appearance of vas-
cular disease on an imaging study. Additionally, the history and
physical provide an opportunity to assess the physiologic age of
the patient. Comorbidities such as pulmonary, cardiac, or renal
dysfunction heavily influence management strategies and out-
comes in patients with vascular disease. One should not under-
estimate the value of the “eyeball test” and review of systems
and functional status as one considers the best treatment plan.
An astute clinician would also be mindful that the vascular
patient may harbor an occult nonvascular disease such as gas-
trointestinal or pulmonary malignancy.

Finally, the initial interview establishes a rapport or rela-
tionship between the patient and provider, which is particularly
valuable in caring for patients with vascular disease. Through
this process the provider gains the trust to reassure the patient
and family and to obtain insight into the patient’s overall living
situation. For example, the patient’s vocation, level of independ-
ent living, and whether he or she drives an automobile all weigh
heavily in the management decisions related to vascular disease.

The following chapters outline the techniques of the art-
erial and venous examination of the following anatomic
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regions: neck, upper extremity, abdomen, and lower extremity.
A stethoscope, manual blood pressure cuff, and continuous
wave Doppler are needed to perform the physical exam, and a
marker can be handy to note location of arterial signals or even
varicose veins.

CHAPTER 4

History and Physical
Examination of the
Arterial System

I. General Examination. Age-related arterial disease is a dif-
fuse process. Therefore, the exam, regardless of complaint, should
include the entire arterial system in order to identify unrecog-
nized atherosclerotic disease and should include the following:

. Checking of heart rate and rhythm.

. Measurement of blood pressures in both arms.

. Neck auscultation to listen for carotid bruits.

. Cardiac auscultation to listen for arrhythmias, gallops, and

murmurs.

Abdominal palpation to assess for a pulsatile mass (e.g., aor-

tic aneurysm).

. Abdominal auscultation to listen for bruits.

Palpation of peripheral pulses.

. Auscultation of the femoral region to listen for bruits.

. Full length inspection of upper and lower extremities to
assess for ulcers, gangrene, or evidence of distal emboliza-
tion in the toes and/ or fingers (blue toe syndrome).

10. Measurement of leg pressures using a continuous wave Dop-

pler and manual blood pressure cuff to calculate the ankle-

brachial index (ABI).

II. Head and neck. Vascular disease in the head and neck
relates mostly to atherosclerosis of the carotid arteries, which is
a common cause of stroke (Chapter 13). Patients should be ques-
tioned about previous stroke or transient ischemic attack
(TTA), carotid artery intervention (endarterectomy or stent), and
prior duplex ultrasound of the carotid arteries. If a carotid inter-
vention or duplex ultrasound has been performed in the past, the
indications and results are important to understand. Symptoms
of TIA or stroke typically relate to episodes of unilateral extrem-
ity weakness or paralysis. Stroke or TIA may also manifest as
an inability to initiate speech (aphasia), inability to form words
(dysarthria), or facial weakness or slurring of speech. The clini-
cian should also inquire about episodes of transient mono-
cular blindness (amarousis fugax), which would suggest
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occlusive disease of the carotid artery on the same side (ipsilat-
eral) as the ocular symptoms. Amarousis (also described as a
“descending curtain or shade”) results from temporary occlusion
of a retinal arteriole from emboli originating from the carotid
bulb passing through the ophthalmic artery. The differential
diagnosis of amarousis is broad, and includes migraine head-
ache, papilledema, and giant cell arteritis.

The differential diagnosis of stroke or TIA originating from the
carotid arteries in the neck includes seizure disorder, which
more commonly causes global or bilateral symptoms followed by
somnolence (postictal period). Severe hypertension can lead to
small vessel cerebral infarct or hemorrhagic stroke, which
can be differentiated from embolic stroke from the patient’s his-
tory and presentation. Brain tumors or brain aneurysms may
also cause neurologic deficits but are often accompanied by other
symptoms such as headache. Diffusion-weighted magnetic reso-
nance imaging (DW-MRI) is useful in differentiating primary
intracranial disease (small vessel cerebral infarct or brain tumor)
from embolic TIA or stroke originating from carotid disease in
the neck. Syncope, lightheadedness, and dizziness are common in
the elderly and are referred to as posterior circulation or ver-
tebral artery symptoms. These symptoms are rarely related to
carotid disease and are more commonly due to fluctuations in
blood pressure, cardiac arrhythmias, disease within the middle
ear (vestibular system), or subclavian steal syndrome.

A. Inspection. Normally, the carotid pulsation is not visible.
However, it may be prominent at the base of the right neck in
thin patients with longstanding hypertension. Such patients
are often referred for concerns of aneurysm, when in fact they
have a tortuous or prominent common carotid artery. Carotid
artery aneurysm and carotid body tumor occur near the
bifurcation and can be visualized in the middle or upper aspect
of the anterior neck.

Another observation related to carotid occlusive disease is a
bright reflective defect or spot on the retina referred to as a
Hollenhorst plaque. These plaques seen on funduscopic
exam of the eye were described by a Mayo Clinic ophthalmol-
ogist in the 1960s, and represent cholesterol emboli originat-
ing from atherosclerotic disease of the carotid arteries.

B. Palpation. The common carotid pulse is palpable low in

the neck between the midline trachea and the anterior border

of the sternocleidomastoid muscle. Even in the setting of inter-
nal carotid artery occlusion, there is generally a palpable com-
mon carotid pulse as the external carotid often remains patent.

A diminished or absent common carotid pulsation suggests sig-

nificant proximal occlusive disease at the origin of the carotid

artery in the chest. The presence of a temporal artery pulse
anterior to the ear indicates a patent common and external
carotid artery. Palpation itself cannot differentiate between
carotid aneurysm and carotid body tumor, both of which may
present as a pulsatile mass in the neck. Enlarged lymph nodes
often have similar findings, and differentiation in the setting of

a pulsatile neck mass requires duplex ultrasonography, com-

puted tomography (CT), or magnetic resonance imaging (MRI).

The vertebral artery is not accessible to palpation as it lies
deep at the posterior base of the neck and is surrounded by
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cervical bone for most of its course. Pulsatile masses at the
base of the neck or in the supraclavicular fossa generally orig-
inate from the subclavian artery.
C. Auscultation. The stethoscope is placed lightly over the
middle and base of the neck while the patient suspends respi-
rations. Cervical bruits are an abnormal finding and may
originate from carotid stenosis or lesions of the aortic valve or
arch vessels. A bruit from a carotid stenosis is usually loudest
at the midneck over the carotid bifurcation. Transmitted bruits
or cardiac murmurs tend to be loudest over the upper chest
and base of the neck.

The presence of a cervical bruit does not necessarily mean
that a carotid stenosis is present. In fact, only half of patients
with carotid bruit will have stenoses of 30% or more and only
a quarter will have stenoses of more than 75%. Additionally,
the severity of underlying carotid stenosis does not cor-
relate with the loudness of the bruit. Duplex ultrasound
is standard in determining the significance of a cervical bruit
and is noninvasive, inexpensive, and readily available. Carotid
arteriography is not used as a screening tool in the setting of
an asymptomatic bruit as it is invasive and carries a risk of
stroke (Chapter 13).

III. Upper extremity. Although atherosclerosis is less common
in the upper than the lower extremity, arterial lesions of the sub-
clavian and axillary arteries can develop (Chapter 18). Upper-
extremity occlusive or aneurysm disease may cause claudication
or signs of embolization in the arm or hand. For reasons that are
not fully understood, arterial occlusive lesions of the subclavian
artery are more common on the left than the right side. In
instances where a subclavian stenosis is proximal to the origin of
the vertebral artery, the patient can develop a condition known
as subclavian steal syndrome. In these cases exertion of the
arm results in a pressure decrease across the stenosis that leads
to reversal of flow in the vertebral artery (“steal”) causing poste-
rior circulation symptoms (Fig. 4.1). Acute arm ischemia is most
often the result of an embolus from a proximal arterial or even
cardiac source. Acute thrombosis of a chronic subclavian or axil-
lary artery aneurysm or stenosis may also result in acute arm
ischemia.

A variety of nonatherosclerotic vascular diseases can affect
the upper extremity (Chapter 18). Takayasu’s arteritis (pulse-
less disease) is an inflammatory condition of the arteries that
occurs predominantly in young Asian women. The early stage of
Takayasu’s disease is characterized by an acute inflammatory
response that often includes fever, malaise, and muscle aches.
The later stages occur after the acute arteritis has been treated
and can result in fibrotic arterial stenoses or even arterial occlu-
sion. Giant cell arteritis (GCA) occurs most commonly in
mature Caucasian women and can affect aortic arch vessels and
axillary and brachial arteries. Other symptoms associated with
GCA include headaches, monocular blindness, and jaw claudica-
tion. Episodic coolness, pain, and numbness of the hand suggest
small vessel vasospasm or Raynaud’s syndrome, which is
often triggered by an identifiable event such as exposure to the
cold. The etiology may be idiopathic (Raynaud’s disease) or asso-
ciated with other systemic collagen vascular diseases or prior
frostbite (Raynaud’s phenomenon).
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L. Common
Carotid A.

Innominate A.

Figure 4.1. A proximal left subclavian stenosis or innominate
artery stenosis can result in the syndrome of subclavian steal. Flow
is “stolen” retrograde from the ipsilateral vertebral artery to supply
the upper extremity. Symptoms related to posterior circulation
insufficiency such as ataxia, dizziness, syncope, and visual distur-
bances may develop and are exacerbated by arm activity.

Thoracic outlet syndrome (TOS) may affect the upper ex-
tremities, causing vascular compromise from repetitive use of the
arm. Pure vascular TOS is uncommon (10% of cases) and results
from compromise of the subclavian artery or vein at the thoracic
outlet (Fig. 5.1). At this location, the first rib, the scalene and sub-
clavius muscles, and the clavicle form an often tight space
through which the subclavian vessels pass (Chapter 18). This
condition is especially common in young muscular individuals
such as weight lifters, pitchers, and swimmers. Over 90% of TOS
is related to or has a neurologic component involving brachial
plexus.

A. Inspection. Inspection of the upper extremity provides

information about arterial perfusion. Pink fingertips with a

capillary refill time of less than 3 seconds are a sign of good

perfusion. In contrast, the acutely ischemic upper extremity is
pallid, and may have neurologic compromise in the form of
motor or sensory deficits. The main change in appearance of
the extremity with chronic arterial ischemia is muscle atrophy,
especially in the forearm and proximal hand. Embolization or
small-vessel disease may be recognized by painful mottled
areas or ulcerations of the fingertips. Raynaud’s phenomenon
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presents as a triphasic color change (white, blue, red) in the
hands and fingers following an inciting event such as cold
exposure or emotional stress. The fingers first appear pallid or
white, then cyanotic or blue, and lastly hyperemic or red as cir-
culation is restored.

B. Palpation. Normally, upper-extremity pulses can be pal-
pated at three locations: the upper medial arm in the groove
between the biceps and triceps muscles (axillary and proximal
brachial artery); the antecubital fossa just medial to the biceps
tendon (brachial artery); and the wrist over the distal radius
(radial) or distal ulna (ulnar). In young women with absent
upper-extremity pulses, Takayasu’s disease (pulseless dis-
ease) should be suspected.

Skin temperature also can be assessed by palpation, espe-
cially using the more sensitive back of the examining hand or
fingers. The level of skin temperature demarcation in the
acutely ischemic arm is immediately distal to the level of the
arterial occlusion.

Arterial aneurysms of the upper extremities are detectable if
they occur in regions where the pulse is accessible to palpation.
While larger subclavian and axillary artery aneurysms may be
palpable above or below the clavicle or in the axilla, smaller
aneurysms in these locations may go undetected. Aneurysms of
the brachial artery are most commonly due to the artery hav-
ing been accessed during an arteriogram. Aneurysms of the
ulnar artery can occur in laborers as a result of repetitive
trauma to the artery, which is in close proximity to the hamate
bone in the wrist (hypothenar hammer syndrome).

Several bedside tests are available to provide information
related to the diagnosis of TOS. Adson’s test is performed by
having the patient rotate the head toward the tested arm and
letting the head tilt backward (to extend the neck) while the
examiner extends the patient’s arm. A positive test is indi-
cated by reduction in or disappearance of the radial pulse.
This test may be positive in as much as 10% to 20% of the nor-
mal population. During the elevated arm stress test (EAST
test), the arms and hands are raised to the level of the head
and the hands are repeatedly opened and closed for 3 minutes.
Symptoms of numbness, pain, or weakness on the affected side
suggest neurogenic or arterial TOS. Neither of these tests in
and of itself is diagnostic. Rather, findings from these provoca-
tive maneuvers should be used in conjunction with other find-
ings from the history, physical exam, and other testing when
considering the diagnosis of TOS.

C. Auscultation. Auscultation of upper-extremity arteries
should include comparison of blood pressure in both arms and
examination of the supraclavicular fossa for bruit. A difference
in arm pressures of more than 10 mmHg indicates a hemo-
dynamically significant innominate, subclavian, or axillary
artery stenosis on the side with the diminished pressure.
Because collateral flow to the arm is extensive, a proximal sub-
clavian stenosis may be present in an asymptomatic individual
with palpable pulses at the wrist. If the patient has symptoms
suggesting arm claudication, the arm should be exercised for 2
to 5 minutes and the brachial pressures rechecked. With this
provocative maneuver, the brachial pressure will decrease if a
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significant arterial stenosis exists. When pulses are not palpa-
ble, continuous wave Doppler can be used to assess arterial
signals and measure arm and forearm pressures. Doppler sig-
nals can normally be heard over the thenar and hypothenar
eminences, as well as over the palmar arch of the hand.
IV. Abdomen. Most vascular pathology in the abdomen is
asymptomatic and the history may not provide insight into the
diagnosis. The majority of patients with abdominal aortic
aneurysms (AAAs) are asymptomatic (Chapter 15). The acute
onset of severe back or abdominal pain in a patient with a known
AAA is considered a ruptured aneurysm until proven otherwise.
Patients with chronic mesenteric ischemia relate a subtle
history of postprandial pain, weight loss, and sitophobia (fear of
food) (Chapter 17). Acute mesenteric ischemia causes diffuse
abdominal “pain out of proportion” to examination. Poorly con-
trolled hypertension in association with worsening renal func-
tion may be evidence of renal artery stenosis. Occlusive
aortoiliac disease can manifest as bilateral hip and buttock clau-
dication, absent femoral pulses, and impotence (Leriche’s syn-
drome). In patients with prior aortic surgery, it is important to
determine the original pathology for which the operation was
performed (e.g., occlusive or aneurysmal disease). Ulcerated aor-
toiliac atherosclerosis is associated with mottled, painful blue
toe syndrome, and abdominal bruit. Sudden, bilateral leg pain,
coldness, paresthesias, and paralysis are caused by acute aor-
tic occlusion from thrombosis of an existing aneurysm or occlu-
sive process, saddle embolus from a cardiac source, or aortic
dissection.
A. Inspection. Inspection of the abdomen is the most limited
part of the examination of the abdominal aorta and its
branches. The normal aortic pulsation usually is not visible.
However, a large abdominal aortic aneurysm may be seen pul-
sating against the anterior abdominal wall, especially in thin
patients.
B. Palpation. Palpation remains the simplest and most com-
mon technique to detect an abdominal aortic aneurysm.
Although its sensitivity is limited in larger patients, palpation
of the abdomen should be a part of the routine physical exam.
Similarly, palpation and comparison of femoral pulses
is the quickest way to confirm a clinical history suggestive
of aortoiliac occlusive disease (in-flow disease). Although
numeric grading systems for quantification of femoral pulse
strength are useful, description of the pulses may also be
simply described as normal, diminished, or absent and
symmetric versus asymmetric in relation to the pulse on the
other side.

Certain anatomic features related to the aorta and iliac
arteries should be considered when one palpates the abdomen.
The aorta bifurcates into the common iliac arteries at about the
level of the umbilicus and, in order to assess the infrarenal aor-
tic segment, one must palpate deeply above this surface land-
mark. Having the patient bend the knees, relax the abdominal
musculature, and exhale slowly and fully can facilitate the
exam. It should also be remembered that, unless the patient is
obese, an aortic pulse should normally be palpable above the
umbilicus, especially if the abdominal wall is relaxed. The nor-
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mal aorta is approximately the width of the patient’s thumb or
2 cm in diameter.

An aortic aneurysm should be suspected when the aortic

pulse feels expansile and larger than 4 cm. Elderly patients
may have a tortuous, anteriorly displaced aorta that can be
mistaken for an aneurysm. Because the sensitivity of abdomi-
nal palpation is limited, an aortic ultrasound should be
ordered as an easy, noninvasive test in patients in whom there
are any questions about aortic diameter. In addition to size,
other characteristics of an aneurysm may be identified by pal-
pation. If the enlarged aorta extends high to the xiphoid or
costal margins, a suprarenal or thoracoabdominal aortic
aneurysm should be suspected. Aneurysm tenderness with
palpation is a sign indicating pending rupture, aneurysm leak,
or the presence of an inflammatory aneurysm. Because of
the anatomic location of the iliac arteries deep within the
pelvis, aneurysms in this location are often not palpable. Occa-
sionally a large internal iliac artery aneurysm may be pal-
pable on digital rectal examination.
C. Auscultation. Auscultation commonly reveals bruits
when significant occlusive disease of the aorta or its branches
is present. Aortoiliac occlusive disease causes bruits in the
middle and lower abdomen and the femoral region. Bruits sec-
ondary to isolated renal artery stenosis are faint and localized
in the upper abdominal quadrants lateral to the midline.
Mesenteric artery occlusive disease may be associated with
epigastric bruits.

Asymptomatic abdominal bruits are an occasional incidental
finding on abdominal examination of young adults, especially
thin women. If the patient is not hypertensive and does not
have intestinal angina or leg claudication, these bruits may be
considered benign. The bruits may originate from impinge-
ment of the diaphragmatic crura on the celiac axis.

V. Lower extremities. Evaluation of leg circulation may ap-
pear overwhelming at first with a seemingly unlimited number
of possible diagnoses. To simplify and organize the process, an
initial priority is to categorize the temporal presentation
into either acute or chronic lower-extremity ischemia.
This determination allows the examiner to focus on a limited
number of diagnoses and to understand the urgency of the prob-
lem. Clinical decision making in the setting of acute ischemia is
based on the status of the limb, while chronic lower-extremity
ischemia is further broken down into two subcategories: claudi-
cation and critical ischemia. The question, “does this process
fall into the acute or chronic category?” should be asked in every
instance in which the clinician is called to evaluate lower-
extremity circulation. If the process is chronic, the next question
should be, “does this condition represent claudication
or critical ischemia?” Nearly all patients with lower-extremity
arterial disease fall into one of these categories and, once the
determination is made, the diagnostic and management process
becomes more focused and clear (Chapter 14).

1. Acute lower-extremity ischemia. Acute lower-extremity
ischemia most often presents as sudden onset of symptoms in
a patient without a prior history of extremity vascular dis-
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ease. Because the arterial occlusion occurs suddenly without
time to develop collateral circulation, there is limited ability
to compensate and the limb may be quite ischemic. Acute
ischemia in any extremity, upper or lower, classically mani-
fests the 5 Ps: pulselessness, pain, pallor, parathesia,
and poikilothermia.

2. Chronic lower-extremity ischemia: Asymptomatic.
Some patients with diminished or even absent lower-extrem-
ity pressures or pulses may not have symptoms. Persons with
a sedentary lifestyle may not be active enough to experience
the symptoms of occlusive disease. The significance of asymp-
tomatic peripheral arterial disease (PAD) relates more to the
cardiac risk of the patient over time than it does to the well-
being of the leg(s) (Chapters 8 and 14).

3. Chronic lower-extremity ischemia: Claudication. Clau-
dication is leg pain that occurs with ambulation as a result of
poor blood flow to a muscle group distal or beyond an arterial
stenosis. This symptom often occurs at a fixed and repro-
ducible walking distance or level of exertion, and resolves
when the patient stops the activity (e.g., stops walking). It is
essential to determine whether or not the symptoms of clau-
dication are lifestyle-limiting. Occupational or recreational
restrictions may occur as a result of exertional leg pain in
some, while others may be aware of the symptoms but not lim-
ited in daily activities. The relatively benign natural history
of claudication is important to communicate to patients and
their families. With risk factor modification and exercise pro-
grams, claudication is stable or improved in 50% of patients.
Only 25% of individuals with claudication ever require sur-
gery and less than 5% require amputation over time.

4. Chronic lower-extremity ischemia: Critical ischemia.
Critical lower-extremity ischemia, also referred to as “limb
threat,” represents the minority of patients with leg ische-
mia and may present in two forms: ischemic rest pain or
ischemic tissue loss (ischemic ulcers or gangrene). These
patients have severe arterial disease affecting multiple levels
in the lower extremity and are at risk of amputation without
revascularization. Ischemic rest pain typically is described as
a burning pain on the dorsum of the foot or in the toes. This
pain becomes most noticeable at night or with the leg ele-
vated, and may be relieved by dangling the limb to enlist the
help of gravity to improve perfusion.

The differential diagnosis of lower-extremity ischemia is exten-
sive, and includes neurogenic and musculoskeletal conditions.
Discomfort in the leg(s) that is positional or occurs without exer-
tion is suggestive of lumbar disk disease or spinal stenosis,
and commonly occurs in those with concomitant back pain.
These conditions often occur with prolonged standing and cause
leg weakness and numbness relieved by change of position (e.g.,
leaning forward). Osteoarthritis of the hip and knee joints
commonly occurs in the elderly and can be distinguished from
vascular disease by the location and nature of the pain.
Symptoms of diabetic neuropathy such as parasthesia,
burning pain, and numbness that affects the foot and toes may
mimic ischemic rest pain. Symptoms of neuropathy are bilateral
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and may also involve the fingertips, while ischemic rest pain is
commonly unilateral and limited to the forefoot and toes. Night-
time leg cramps and restless leg syndrome are often misin-
terpreted as “rest pain” because they technically occur at rest.
However symptoms from these conditions occur in the thigh and
calf muscles and not in the distribution of ischemic rest pain and
are not related to vascular disease. Neuropathic ulcers of the
foot or toes occur in patients without protective sensation in
these areas. These ulcers commonly arise in diabetic patients
prone to infection as a result of poorly fitting shoes that cause
foot trauma. Importantly, not all neuropathic ulcers are
ischemic, as ulceration of the foot or toe may be present in
patients with normal lower-extremity perfusion.
A. Inspection. Inspection of the leg and foot may reveal im-
portant signs of acute and chronic arterial insufficiency. Acute
insufficiency will produce definite changes of pallor followed
by cyanosis or skin mottling. In addition, muscle weakness or
paralysis, especially of the foot dorsiflexors (anterior compart-
ment), may become obvious. After 24 hours of acute ischemia,
the leg often becomes swollen and the skin may blister.

Chronic claudication may have no findings on inspection

other than mild muscle atrophy and/or hair loss on the leg or
foot. Critical lower-extremity ischemia, however, is associated
with elevation pallor and dependent rubor of the forefoot.
Additionally, skin breakdown in the toes or forefoot tissue may
occur and nonhealing ulcers or gangrene will appear. Neuro-
pathic ulcers are difficult to distinguish from those that are
primarily ischemic by inspection alone, as they both occur in
the same distribution. Dry gangrene with black tissue or wet
gangrene with draining purulence and foul odor may be pres-
ent in the setting of neuropathic and ischemic ulcers, and
often there is a mixed component.
B. Palpation. Pulses are normally palpable in four locations
on each lower extremity. The femoral pulse is palpated just
below the inguinal ligament, two fingerbreadths lateral to the
public tubercle. In obese patients, external rotation of the hip
may facilitate palpation of the artery. The popliteal pulse is
more difficult to feel as it lies in the popliteal space. With the
patient supine and the knee slightly flexed, the examiner
should hook the fingertips of the hands around the medial and
lateral knee tendons and press the fingertips into the popliteal
space. The pulse usually lies slightly lateral of midline. The
dorsalis pedis is a terminal branch of the anterior tibial artery
and is found in the mid-dorsum of the foot between the first
and second metatarsals. The posterior tibial is found behind
the medial malleolus, while the peroneal artery terminates at
the ankle and is not palpable on physical exam.

Grading of pulses is subjective, and a simple method is to
describe the pulses as normal, diminished, or absent and sym-
metric versus asymmetric in relation to the other side. Num-
bered grading systems can also be used, although these may
vary among institutions. An example of a pulse grading sys-
tem is: 0, absent; 1+, diminished; 2+, normal; 3+, prominent,
suggesting local aneurysm. If a pulse is not palpable, fur-
ther assessment with a continuous wave Doppler
should be pursued. Doppler signals should be qualified as
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triphasic, biphasic, or monophasic with the triphasic signal
considered normal. In the absence of a palpable pulse, bipha-
sic and monophasic signals correlate with moderate and
severe arterial occlusive disease, respectively. In severe cases
of acute lower-extremity ischemia or chronic critical ischemia,
the only Doppler signal in the foot may be a soft continuous
venous signal.

Palpation is also helpful in the assessment of acute-
extremity ischemia. Skin coldness and the level of temperature
demarcation can be detected by palpation with the back of
the examiner’s hand and fingers. Acute ischemia also may be
associated with tenderness and tenseness of the calf muscles,
especially the anterior compartment. In addition, acute ische-
mia may cause sensory nerve damage, detectable by pinprick
sensory examination or testing of proprioception in the toes.

The ABI is a simple and necessary extension of the vascu-

lar exam and can be performed at the bedside. To measure the
ABI, the strongest Doppler signal is identified at the ankle
and a blood pressure cuff is placed around the calf and inflated
until the signal disappears. The cuff is slowly released and the
pressure at which the signal returns is recorded as the numer-
ator of the ABI equation. The same maneuver is performed to
assess the occlusion pressure of the brachial artery of both
arms, the higher of which is recorded as the denominator of
the ABI equation. The index may be falsely elevated in the set-
ting of diabetes mellitus or renal failure, either of which can
lead to medial calcinosis and poor compressibility of the tibial
vessels. A normal ABI is greater than 0.9 while an index
between 0.4 and 0.9 is characteristic of patients with chronic
claudication. An ABI of less than 0.4 is generally suggestive
of eritical ischemia of the extremity. Not only does the ABI
provide an idea of the severity of occlusive disease in the
extremity, it is also useful for following extremity perfusion
over intervals of time (Chapter 14).
C. Auscultation. Auscultation of lower-extremity arteries
is most useful in the femoral area, where bruits indicate local
femoral artery disease or more proximal aortoiliac disease
with bruits transmitted to the groin. If there is a question
about the presence of a femoral bruit, walking the patient
for 25 to 50 steps at the bedside often will increase lower-
extremity flow enough to increase the severity of the bruit.
Auscultation is also important when an arteriovenous fistula
is suspected, which generally has a characteristic continuous
to-and-fro bruit.



CHAPTER B

History and Physical
Examination of the
Venous System

Venous disease is usually localized to one anatomic area, unlike
arterial disease, which is more diffuse. The lower extremities are
most commonly involved, although venous problems can impair
function of the upper extremities as well.

I. Upper extremities. The most common venous conditions to
affect the upper extremities are superficial and deep venous
thrombosis. Superficial thrombophlebitis can result from
intravenous access, which causes endothelial damage, local vein
thrombosis, and subsequent inflammation of a peripheral vein.
This condition rarely progresses to deep venous thrombosis and
is most often self-limited, requiring local treatment in the form
of warm compresses applied directly to the affected vein. Acute
or chronic thrombosis of the axillary, subclavian, or innominate
veins represents the upper-extremity equivalent of deep
venous thrombosis (DVT) and represents a serious condition.
The clinician should assess for a history of prior central venous
catheter or peripherally inserted central catheter (PICC lines),
as these are a risk factor for the development of central venous
thrombosis. The chief complaint in most cases is arm swelling. A
diffuse aching pain frequently accompanies the swelling and is
worse with use or dependency of the arm.

Paget-Schroetter syndrome is synonymous with effort
thrombosis, and refers to the development of axillary or sub-
clavian vein thrombosis in the setting of repetitive upper extrem-
ity exercise. Usually this form of axillo-subclavian vein
thrombosis occurs acutely as a result of thoracic outlet syndrome,
in which compression of the subclavian vein between the sub-
clavius muscle underlying the clavicle and the first rib is present
(Fig. 5.1). Chronic compression of the axillary or subclavian vein
in these circumstances results in underlying endothelial injury
and is a contributing factor to the thrombosis. Chronic arm swell-
ing may also be the result of lymphatic obstruction, which usu-
ally is associated with a previous operation (e.g., node dissection
for breast cancer), infection, or irradiation that involved the axil-
lary lymph nodes. Distinguishing between venous obstruction
and lymphedema may be difficult, although the clinical setting
suggests the most likely etiology in most cases.

A. Inspection. The examiner should inspect the arms for

scars from previous indwelling venous lines or procedures and

note limb size discrepancy, edema, discoloration, deformity

(e.g., clavicular fracture), or venous collaterals. Subclavian

vein thrombosis causes swelling of the entire arm and hand

and will often result in superficial venous collateral formation
across the shoulder region. Acutely, the arm may appear
bluish or cyanotic, although rarely does subclavian-axillary
venous thrombosis result in phlegmasia or venous gangrene.

42
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Figure 5.1. The thoracic outlet is a complex anatomic area with
potential neurovascular compromise. The larger illustration depicts
the left shoulder with associated neurovascular and bony structures
of this area. The smaller inset depicts a view if the right thoracic
outlet through a transaxillary view (i.e., the right arm raised). Note
the important relationship of the subclavian vein and artery to the
anterior scalene muscle, first rib, and clavicle.

Patients in whom upper-extremity venous thrombosis leads to
phlegmasia often have an underlying malignancy or hyperco-
agulable condition such as heparin-induced thrombocytopenia
and thrombosis (Chapter 3). Following upper-extremity DVT,
the arm generally does not develop venous stasis dermatitis
that accompanies post-thrombotic syndrome in the lower ex-
tremities.

Another cause of acute arm swelling is placement of a hemo-
dialysis fistula or graft in the arm that has an unrecognized
venous stenosis or occlusion in the proximal or central venous
outflow (Chapter 20). In such cases, completing the arterial-
venous circuit for dialysis increases venous flow and pressure,
which exacerbates a previously asymptomatic central venous
stenosis.

B. Palpation. The palpable cord associated with superficial
thrombophlebitis of the arm is typically warm and tender.
Fluctuance or purulent drainage from the cord upon palpation
suggests the diagnosis of suppurative or infected throm-
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bophlebitis, which may require operative drainage. The inter-
nal and external jugular veins are occasionally palpable if
inflamed or thrombosed, while the axillary and subclavian
veins are not palpable because they lie deep to the clavicle.
Arm edema, which is pitting upon palpation, is more often
associated with lymphatic obstructions, while chronic venous
edema tends to be nonpitting in nature. A palpable thrill over
any area of the upper extremity suggests the presence of an
arteriovenous fistula.
C. Auscultation. Normally, venous sounds are not audible
with a stethoscope. If arm swelling follows a penetrating injury
or operation of the arm, listening over the scar or entrance
wound may reveal a bruit caused by an arteriovenous fistula.
II. Lower extremities. The most common venous problems of
the legs are superficial varicose veins and DVT with subsequent
post-thrombotic syndrome. Although occasionally these condi-
tions are asymptomatic, they are more frequently associated with
some degree of leg pain and swelling (Chapter 2). Superficial
venous reflux and postphlebitic syndrome resulting from DVT
can lead to chronic leg swelling and ulceration months or years
after diagnosis. Physical exam is the primary method of evaluat-
ing varicose veins and post-thrombotic syndrome, as they both
cause visible changes on the surface of the leg. In contrast, his-
tory and physical examination alone are limited in making the
diagnosis of DVT. In fact, only 50% of patients who are initially
thought to have DVT by history and physical will have an abnor-
mal duplex ultrasound. Some cases of lower extremity DVT, espe-
cially those in the tibial and distal popliteal veins, may be silent
or nearly asymptomatic, presenting with only subtle leg swelling.
Although there is a risk of pulmonary embolus and postphlebitic
syndrome in these cases, the risk is low given the distal location
and limited extent of thrombosis. In rare instances, the first sign
of lower-extremity DVT can be pulmonary embolus. The com-
plexity of lower-extremity venous disorders emphasizes the need
for a careful and complete history and physical exam as well as
the liberal use of the duplex ultrasound as a diagnostic adjunct.
A. Inspection should be done with both legs exposed from
the groin to the feet. Important findings may be recognized by
comparing the abnormal to the normal extremity and, when
possible, the patient should stand so that superficial veins fill.
We prefer that the patient stand on a short stool while the
examiner sits on a chair or stool. If good overhead lighting is
not available for illumination of all aspects of the leg, an
adjustable lamp is useful. The entire leg should be examined
as the patient turns 360 degrees.

Varicose veins are dilated, saccular, and compressible
unless thrombosed. Some healthy, thin patients may have
prominent superficial veins that may be incorrectly thought to
be varicose. Varicose veins most commonly involve the great
saphenous vein on the medial side of the leg and tributaries
often course around the upper calf to appear on the postero-
medial aspect of the leg. Tributaries of the small saphenous
appear on the posterior calf from the knee to the ankle. The
location of the varicosities may suggest the etiology. For exam-
ple, a dilated great saphenous vein from the groin to the ankle
is typical of familial valvular incompetence. In contrast,
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varicosities that begin at or below the knee may be secondary
to incompetent perforating veins from the deep venous sys-
tem. A rare congenital pattern of varicosities is present in
Klippel-Trénaunay syndrome, which is a triad of capillary
hemagiomas (port-wine stains), limb hypertrophy, and vari-
cose veins. Importantly, these patients may have persistent
lateral embryologic veins and absent or abnormal deep venous
systems. Telangiectasias or “spider veins” are 0.1-2.0 mm
dilated vessels of the dermis that appear red or blue in color
and tend to arborize. Reticular veins are slightly larger and
act as feeding veins to the telangiectasias.

Several bedside tests can help the examiner better identify
the underlying pathophysiology of lower-extremity varicosities.

Trendelenburg test: The patient lies supine, and the leg is
elevated to empty all varicosities. A soft rubber tourniquet or
the examiner’s hand is used to compress the thigh at the
saphenofemoral junction, and the patient stands. If the lower
leg varicosities fill slowly with the tourniquet in place, but
then dilate rapidly after release, the great saphenous vein is
incompetent. In contrast, incompetent deep and perforating
veins will cause immediate filling of the varicosities when the
patient stands, despite the tourniquet (Fig 5.2).

Perthes’ test checks for obstruction of the deep veins. The
patient stands to fill the varicosities, and a soft rubber tourni-
quet is applied to the midthigh. The patient then ambulates or
performs repetitive calf muscle contractions (tiptoe maneu-
vers). Normally the veins collapse, implying competence of the
deep and perforating veins. If the veins remain distended, the
deep and perforating veins are incompetent. If the varicosities
become more distended or painful, deep venous obstruction is
present.

Acute deep venous thrombosis. Most limbs with acute
venous thrombosis are normal in color or have a slightly cyan-
otic appearance. Extremity swelling is the most common sign
and usually is limited to the lower leg, although thrombosis of
the more proximal iliac and femoral venous circulations can
lead to thigh and even buttock edema. Phlegmasia alba
dolens (turgid, white, painful leg) or phlegmasia cerulea
dolens (edematous, cyanotic, and painful leg) can be seen in
cases of severe proximal vein thrombosis (Chapter 2). In these
instances the degree of swelling should be documented by
measurement of calf and thigh diameters at a distance above
or below a bony landmark to allow close and accurate serial
examination of the leg.

Inspection also helps with the differential diagnosis of acute
leg pain and swelling. Superficial thrombophlebitis often is evi-
denced by a localized erythematous streak along the course of
the vein, usually a tributary or the great saphenous vein. A
break in the skin with surrounding erythema and induration
suggests cellulitis. A localized ecchymosis over the thigh or calf
may indicate that the leg pain is caused by a muscle contusion
or hematoma. Diffuse, nonpainful leg edema with a thick
“pigskin” appearance (peau d’orange) is typical of lymphedema.

Deep venous insufficiency, usually as a result of post-
phlebitic syndrome, is associated with specific changes in the
appearance of the leg, including hyperpigmentation from
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Figure 5.2. Trendelenburg test. The leg is elevated to empty the
varicosities. Then, the saphenofemoral junction is compressed with
the patient upright and non-weight-bearing. Superficial varicosities
fill from incompetent deep and perforating veins when the proximal
saphenous system is compressed (left). The varicosities fill immedi-
ately with release of proximal compression, implying superficial
venous insufficiency (right).

hemosiderin deposition occurring at the medial malleolus.
Lipodermatosclerosis is a more severe manifestation of
chronic venous hypertension, with the development of thick-
ened and contracted skin and subcutaneous fat around the
ankle. Stasis dermatitis may be complicated by skin ulcera-
tion, classically on the medial lower leg at the site of
the perforating vein. Venous ulcers are usually shallow,
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with apparently healthy granulation tissue that bleeds with
manipulation. It is important when inspecting a venous ulcer
to regularly measure the dimensions and depth, and to assess
surrounding skin integrity, as well as the quality of granula-
tion tissue. The onset of a new odor or change in color, or ery-
thema of the surrounding skin, suggests infection of the ulcer
or even transformation to an epidermoid skin cancer. It is
important to note that these cutaneous changes of the leg may
also occur with chronic, severe superficial venous insufficiency
as well.

Chronic diffuse lower-limb swelling without stasis der-

matitis may be caused by iliac vein obstruction, deep valvular
incompetence, or lymphedema. Compression of the left com-
mon iliac vein by the right common iliac artery (May-Thurner
syndrome) can result in venous intimal fibroplasia, obstruc-
tion, and progressive left leg swelling. In contrast, primary or
secondary lymphedema can result in chronic leg swelling that
typically has a pitting or “pigskin” appearance and does not re-
solve with bedrest at night. Venous edema, on the other hand,
most often resolves with bed rest and worsens with depend-
ency. Lipedema, the deposition of fat in the lower extremity,
can easily be confused with other causes of edema, but charac-
teristically spares the feet. Bilateral lower-extremity edema
can also result from right heart failure, valvular heart disease,
and nephrotic syndrome, and should prompt a search for other
signs of systemic disease (e.g., rales, S3 gallop).
B. Palpation can distinguish soft and compressible varicosi-
ties from those that are firm and thrombosed. Tenderness,
heat, and induration over a firm varicosity define superficial
thrombophlebitis. The “tap test” can be used in order to iden-
tify connections between varicose segments. With the patient
standing, the examiner sharply percusses over a varicosity,
while using the other hand to feel for an impulse from the vein
at a lower level. The impulse should be felt if the intervening
segment is open and incompetent. The examiner should pal-
pate for fascial defects on the medial aspect of the calf. These
may represent sites of deep, incompetent perforating veins or
saphenous tributaries emerging from the superficial fascia.

Calf tenderness may be present in acute deep venous throm-
bosis, but is not specific. Such tenderness may occur with mus-
cle strain, contusion, or hematoma. Forceful dorsiflexion of the
foot elicits calf pain in 35% of patients with acute deep venous
thrombosis (Homans’ sign). However, this test is also positive
with muscular strains and lumbosacral disorders.

Palpation may help determine the cause of leg swelling.
Occasionally, chronic venous obstruction is secondary to
extrinsic compression by a pelvic, femoral, or popliteal mass,
and so these regions should also be examined for aneurysms
or tumors. The inability to tent the skin over the interdigital
webs (Stemmer’s sign) is characteristic of lymphedema.

C. Auscultation. Except in the cases of arteriovenous fistula
in which an audible bruit may be present, a stethoscope does
not provide much information about superficial or deep
venous flow. In contrast, a continuous wave Doppler unit is a
helpful adjunct in the bedside examination of lower-extremity
veins. While holding the continuous wave Doppler over the
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vein of interest, normal respiratory variation of the Doppler
signal should be present if the vein is patent with normal flow.
Additionally, if patent, flow through the vein will be audibly
increased (augmentation) if the examiner’s other hand
squeezes the leg distally. With release of distal compression,
flow will cease as competent valves snap shut. If the vein is
incompetent, prolonged flow will be heard after release.
Although continuous wave Doppler is quite a useful adjunct, it
does not provide images or velocity measurements of flow.
Duplex ultrasound, which combines B mode imaging and
pulsed wave Doppler, should be used frequently in the evalua-
tion of symptomatic venous disease to allow more detailed
examination of venous anatomy and provide useful physio-
logic information.



CHAPTER O

Noninvasive Vascular Testing

This chapter summarizes the basic principles of selecting, per-
forming, and interpreting noninvasive hemodynamic studies for
both arterial and venous problems. It should be emphasized that
these noninvasive tests do not replace but supplement a thor-
ough patient history and physical examination (Chapters 4 and
5). In some situations, the results of noninvasive studies help the
clinician determine the need for an invasive study such as an
arteriogram. In addition, noninvasive tests provide a physiologic
baseline before therapy and an objective assessment of outcome
after treatment. The use of noninvasive testing has grown expo-
nentially, as the safety and ease of testing is increasingly attrac-
tive to clinicians. The temptation to order noninvasive tests
without a justifying history and physical exam should be resisted,
as unnecessary studies can lead to unnecessary procedures. Addi-
tionally, redundant noninvasive tests add to the cost of patient
care.
I. The vascular laboratory. The laboratory should be in a
quiet area and located for convenient use by both inpatients and
outpatients. A medical sonographer or registered vascular tech-
nologist (RVT) usually performs the tests, which are then
reviewed by a physician. The setup in a vascular laboratory may
be very basic or quite sophisticated, depending on the clinical
demand. Consistency and quality assurance should be the goal
of all vascular laboratories. Accreditation can be obtained by
meeting the standards outlined by the Intersocietal Commis-
sion for the Accreditation of Vascular Laboratories.
II. Instrumentation. The following list of equipment is suffi-
cient for the evaluation of most arterial and venous problems in
the noninvasive laboratory. Their basic functions are briefly
described.
1. Continuous-wave Doppler system. The Doppler
effect states that flow velocity is proportional to the fre-
quency shift in sound waves that are transmitted toward
moving blood cells and reflected back to the Doppler-receiv-
ing crystal (Fig. 6.1). A handheld Doppler probe is placed
over the course of the blood vessel being examined and is
coupled to the skin with an acoustic gel. Skin lubricants
other than an acoustic gel do not have the proper elec-
trolyte content and can damage the probe crystal. Trans-
mitted sound waves strike moving blood cells and are
reflected back to the Doppler probe. An amplifier filters the
sound and gives a flow signal or tracing that is proportional
to the blood velocity. Just as palpable pulses can be graded
with regard to strength, the audible Doppler signal can also
be qualified with regard to strength and phasicity.

The normal Doppler signal is triphasic in a high-
resistance arterial bed, such as the lower extremity. A
triphasic signal has three audible components, corre-
sponding to the forward flow of systole, early reverse
flow in diastole, and the later forward flow of diastole. In a
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Figure 6.1. Doppler arterial examination. The Doppler probe is
coupled to the skin with acoustic gel and angled toward the direc-
tion of arterial flow. The normal Doppler arterial signal is triphasic.
Stenosis and occlusion cause diminished monophasic signals.

low-resistance arterial bed, such as the internal carotid or
lower extremity after exercise, flow normally remains for-
ward or prograde. Without reversal of flow in diastole,
there are only two components (biphasic) for these sig-
nals. With increasing degree of stenosis, wave morphology
becomes weak, lower-pitched, and monophasic.

In practice, a continuous-wave Doppler unit (range, 5-10
MHz) is most commonly used for performing basic noninva-
sive tests such as segmental pressures. A handheld version
is a valuable asset to the bedside arterial and venous exam.
Some Doppler units are bidirectional; that is, they can
detect direction as well as velocity of flow. Pulsed Doppler,
when combined with brightness mode (B-mode) ultrasound,
comprises modern duplex. In this setting, pulsed Doppler
differs from continuous wave in two ways: (a) bursts of
sound waves are emitted, and (b) a distinct portion of flow
within a vessel can be selected with the B-mode image of
the vessel for Doppler sampling. This technique provides
more accurate measurement of frequency (velocity) of flow
through the vessel. The velocity pattern correlates with the
degree of stenosis, in that a higher velocity suggests a
greater stenosis. Although continuous-wave Doppler can
also analyze velocity patterns, they collect all velocities from
within the vessel and may also receive other signals from
adjacent arteries or veins, making signal interpretation
more difficult.

2. Plethysmography was one of the earliest means of
measuring blood flow in an extremity, using the principle of
volume change in an organ or body region. Various tech-
niques of plethysmography have been used, but only a few
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cm/sec

remain popular. Both air plethysmography (APG) and pho-
toplethysmography (PPG) are commonly utilized tech-
niques in the noninvasive laboratory. The basic tools for
APG are a blood pressure cuff, inflated to optimize contact
with the leg, a transducer, and recording instrument. PPG
uses a probe that emits infrared light into the superficial
skin layers and a photoelectric detector that measures the
reflected light. The amount of light absorbed depends on
the blood volume in the skin. A waveform is transduced and
recorded corresponding to the blood flow.
3. Duplex ultrasound combines two technologies for the
evaluation of blood vessels. Real-time, B-mode ultrasound
provides black and white (gray-scale) images of the vessel
and pulsed wave Doppler is used to sample flow velocity
in a selected area of the vessel. The angle of insonation
should be kept close to 60°, which provides the best return
signal for spectral analysis and velocity measurement.
Spectral analysis pertains to the spectrum of different
velocities of blood cells and particles traveling in the vessel
and provides insight into the degree of narrowing as well as
the degree of perfect (laminar) versus imperfect (turbu-
lent) flow. The parameters used for this are (a) spectral
width during systole, (b) peak systolic velocity, and (c) end
diastolic velocity. A normal spectrum (Fig. 6.2) consists of a
relatively low systolic peak velocity (e.g., less than 125 cm/s
in the internal carotid) and a narrow band of frequencies
during systole, resulting in a clear region or window beneath
the systolic peak. In this case, blood cells and particles are
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Figure 6.2. Arterial spectrum analysis. The Doppler spectrum
analysis allows classification of the degree of stenosis. The most
common parameters used for this classification are spectral broad-
ening (with loss of the normal “spectral window”), elevation in peak
systolic velocity (PSV; normal <120 cm/sec), and elevation in end
diastolic velocity (EDV).
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traveling the same velocity within the vessel with limited
turbulent flow. With even a minimal stenosis, turbulent
flow is detected, resulting in spectral broadening during
the deceleration phase of systole. Further stenosis results
in increased spectral broadening until the entire window
beneath the systolic peak is filled, followed by increased
peak systolic and then end diastolic velocities. Spectral
broadening in these cases reflects the many different veloc-
ities of flowing cells and particles within the vessel result-
ing from the disorderly or turbulent flow.

A third mode, color flow imaging, is helpful in identifying
the presence and direction of flow. Red indicates flow
toward the transducer, and blue is away. Lighter shades are
associated with higher flow and darker shades with lower
flow. Laminar flow is uniform in color while a stenosis
results in a bright “flow-jet” of color and a mosaic distal to
the stenosis reflective of turbulent flow. Color flow is par-
ticularly useful for tracing tortuous vessels and identifying
areas of ulceration.

4. A treadmill at speeds of 1.5 to 2.5 miles per hour at a
10% to 12.5% grade is used for exercise testing.
5. Transcutaneous oximetry requires a transcutaneous
electrode probe and calibrated instrument for measuring
oxygen tension on the skin, which is used as a surrogate
marker for blood flow.
6. Blood pressure cuffs of various sizes, including
miniature cuffs for digital pressures, should be available.
III. Lower-extremity arterial occlusive disease. Noninva-
sive laboratory evaluation of the lower extremities is useful in
the setting of chronic intermittent claudication (tiring or pain in
the extremity with walking) as well as more severe critical leg
ischemia (ischemic rest pain or tissue loss). Noninvasive vascu-
lar testing documents the severity of disease, provides a baseline
for follow-up, and can help predict potential for healing ulcers.
Testing can sometimes help the clinician clarify whether leg pain
is related to peripheral vascular disease or nonvascular etiolo-
gies in patients with atypical symptoms. However, no amalga-
mation of vascular tests is a substitute for a thorough history
and physical examination.
A. Ankle-brachial index (ABI) provides useful information
about lower-extremity perfusion as a supplement to the phys-
ical exam. This test can be performed at the bedside with a
handheld Doppler and a manual blood pressure cuff. The
Doppler probe is placed over an arterial signal at the foot, typ-
ically the dorsalis pedis or the posterior tibial artery (Fig. 6.3).
A blood pressure cuff on the calf is inflated until the arterial
signal occludes or disappears. As the cuff is deflated, the pres-
sure at which the signal is again audible is recorded. The test
should be performed in the supine position and the greater of
the two pressures at the foot selected as the numerator in the
ABI equation. Next, the pressure of each arm is recorded in a
similar manner and used as the denominator in the equation.
If there is more than a 10 mm Hg difference between arm
pressures, the higher pressure should be selected, keeping
in mind that a diminished arm pressure could indicate a sub-
clavian artery stenosis. Normally, the pressure in the leg is
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Blood pressure cuff

Figure 6.3. Measurement of ankle blood pressure with a standard
blood pressure cuff and a handheld continuous-wave Doppler unit.
This ankle pressure can be compared to the brachial (arm) blood
pressure to calculate the ankle-brachial index (ABI).

slightly higher than that in the arm, due to a higher resistance
in the lower extremities and the normal ABI =1.0.

When performed in the noninvasive lab, ABIs may be com-
bined with a plethysmograph for pulse volume recordings. In
this setting ABI measurements provide more complete and
standardized data that can be used as part of the clinical
assessment over time of patients with lower-extremity occlu-
sive disease. ABIs should also be performed following an open
or catheter-based revascularization in order to confirm
improvement and establish a new baseline. A change in an ABI
value of more than 0.15 over time or following revasculariza-
tion is generally termed a significant change in perfusion.

Lower-extremity circulation is often divided into three lev-
els: aortoiliac, femoropopliteal, and tibial (Chapter 14). In
limbs with one level of occlusive disease, the ABI is usually
0.5-0.85, while an index of less than 0.5 indicates multilevel
disease. ABIs may be falsely elevated or even noncompressible
in patients with longstanding diabetes or end-stage renal dis-
ease. Patients with these medical conditions may develop
medial calcinosis of the tibial vessels, which render them
difficult or impossible to compress with a manual blood pres-
sure cuff. In some cases the Doppler signal in the foot will not
occlude despite inflating the cuff to pressures that are well
above the systolic blood pressure and are uncomfortable for
the patient. In such instances, the ABI calculation should not
be pursued but simply be termed noncompressible. In this
situation, combining PVRs with ABIs can provide more com-
plete information. Table 6.1 lists common clinical scenarios
found in association with several categories of ABIs. However,
it must be remembered that many patients with abnormal
ABIs do not fall in these allotted categories. Over two-thirds of
patients with abnormal ABIs are asymptomatic, as a result of
well-developed collaterals or a sedentary lifestyle.
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Table 6.1. Categories of clinical severity
for the ankle-brachial index (ABI)

ABI Measurement Clinical Correlation

1.2-2.0 or greater Medial calcinosis or noncompressible
0.95-1.2 Normal

0.5-0.95 Claudication

0.2-0.5 Rest pain

0.0-0.2 Tissue loss or gangrene

B. Toe pressures are useful in patients with medial calci-
nosis of the tibial vessels, as digital vessels of the toes are often
spared from the process. A 2 cm cuff is applied to the great toe
and a PPG sensor is placed on the tip because the area is too
small to assess with a standard Doppler. The greatest value of
toe pressures may be in their ability to predict healing of
ischemic foot ulcers or toe or foot amputation sites. A toe—
brachial index <0.7 is abnormal in diabetics and nondiabetics
and an absolute toe pressure of less than 30 mm Hg suggests
insufficient perfusion to heal an open wound of any type.
C. Pulse volume recording (PVR) is a form of APG, devel-
oped by Raines and Darling at Massachusetts General Hospi-
tal, in which lower-extremity pulsatility is used as an indirect
measurement of arterial flow. In order to perform the test, an
air-filled blood pressure cuff of appropriate size is placed on
the lower extremity, usually on the calf, and inflated to a base-
line pressure of about 65 mm Hg. The cuff is attached to the
plethysmograph, and small fluctuations in limb volume as a
result of pressure changes are then recorded as arterial con-
tours. The contour provides qualitative information about the
arterial blood flow, closely corresponding to the direct intra-
arterial pressure waveform recording at that level.
Characterized by a sharp upstroke (anacrotic slope), dis-
tinct pulse peak, and rapid decline (catacrotic slope), the
normal PVR tracing becomes progressively flattened and pro-
longed with increasing stenosis (Fig. 6.4). PVRs can be quan-
tified by amount of chart deflection, but laboratories often use
different scales. The greatest emphasis is placed simply on
qualitative wave morphology. A severely attenuated or flat
PVR tracing at the ankle correlates with poor healing. PVRs
are particularly useful when combined with ABIs or segmen-
tal pressures in order to provide a more complete picture of
the limb blood flow. For example, patients with medial calci-
nosis may have falsely elevated ABIs, such that the PVRs pro-
vide a better estimate about the severity of disease (Fig 6.5).
The PVR can also be helpful in evaluating the young patient
whose claudication may be due to popliteal artery entrap-
ment by the medial head of the gastrocnemius muscle. Such
patients usually have normal ankle PVR tracings at rest. With
active plantar flexion or passive dorsiflexion of the foot, the
gastrocnemius contracts and compresses the popliteal artery,
so that the real-time PVR tracing flattens.
D. Segmental pressures can be useful in patients with
abnormal ABIs in order to better approximate the level and
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Figure 6.4. Pulse volume recordings. The normal pulse volume
recording becomes progressively flattened and prolonged with
increasing arterial stenosis.

degree of arterial obstruction. Measurements are obtained by
the same technique as ABIs, except that blood pressure cuffs
are placed at several levels—thigh, upper calf, and ankle. The
Doppler probe is always placed over the best arterial signal at
the ankle level. Two standard 10-12 cm diameter cuffs can be
used on the upper and lower thigh. Alternatively, a single
large cuff (18-20 cm diameter) can be placed as proximal as

AN A

Example 1 Example 2 Example 3
ABI=0.7 ABl=2.0 ABI=2.0
PVR moderately decreased PVR normal PVR severely decreased

Figure 6.5. Ankle brachial index (ABI) and pulse volume recording
(PVR) are complementary, as shown in these examples. In example 1,
the ABI of 0.7 is decreased with a correspondingly dampened PVR
waveform, suggesting more proximal peripheral arterial occlusive
disease (PAOD). In example 2, the ABI of 2.0 is well above the normal
range indicating incompressible tibial vessels due to medial calci-
nosis. However, the PVR in this example is normal suggesting no sig-
nificant PAOD. In example 3, the ABI is 2.0 in conjunction with a
severely dampened PVR, consistent with both medial calcinosis and
severe PAOD.
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possible on the thigh. In general, the larger thigh-to-cuff ratio
will result in higher pressures in the thigh than the ankle, so
that the normal thigh—brachial index is 1.3 to 1.5.

Some decrease in pressure from proximal thigh to ankle is
normal, but a pressure decrease of 15-30 mm Hg between
adjacent segments suggests an intervening stenosis. Segmen-
tal pressures should also be compared at the same level
between legs, as a lack of symmetry implies arterial disease in
the leg with lower pressures. Figure 6.6 provides examples of
arterial occlusive disease at various anatomic levels.

PVRs are usually combined with segmental pressures at
each level to improve accuracy, especially in patients with
falsely elevated pressures from calcified vessels. Segmental
PVR tracings normally show augmentation from the thigh to
calf, caused by differences in cuff volume and a high ratio of
well-vascularized calf muscle. Therefore, the calf PVR should
have greater amplitude than that of the thigh. If it does not, a
superficial femoral artery lesion should be suspected. Disease
in the common or proximal superficial femoral artery can
mimic aortoiliac disease by causing a decrease in the thigh
pressure, particularly if a single large cuffis used on the thigh.
Of course, simple palpation of the femoral pulse can also dis-
tinguish between aortoiliac and superficial femoral artery
occlusion. Segmental pressures can also be misleading when
collateral blood flow is so well developed that a significant gra-
dient is not present across an occlusive segment. These limi-
tations of segmental leg pressures emphasize that results
must be combined with findings on physical exam for accurate
detection of the occlusive lesions.
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Figure 6.6. Segmental leg pressures. (A) Segmental leg pressures
in a normal lower extremity (right) and one with isolated left iliac
artery occlusion (left). (B) Segmental leg pressures with a distal
occlusion of the superficial femoral artery (SFA) at Hunter’s canal
(right), compared to proximal occlusion of the SFA (left). (C) Seg-
mental leg pressures with distal tibial artery occlusions (right) and
tibial disease extending into the proximal popliteal artery (lef?).
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E. Exercise or treadmill ABIs can unmask the presence of
arterial occlusive disease in a select group of patients with
ambulatory leg pain. Treadmill ABIs are useful in the sub-
group of patients with symptoms of exertional pain that have
normal pulses and only mildly decreased ABIs at rest. In these
cases a mild arterial stenosis does not result in a measurable
pressure decrease while the patient is sitting at rest in the
office. Remember: his or her symptoms are with ambulation.

Under normal circumstances, the treadmill ABI will
increase slightly and remain elevated for a few minutes fol-
lowing ambulation as blood flow into the extremity increases
with exertion. However, in patients with a proximal arterial
stenosis, vasodilation of the leg musculature results in an
increase in velocity of blood across the stenosis as the body
attempts to supply the leg with blood. This phenomenon
results in a decrease in pressure distal to the stenosis with a
decreased exercise ABI and a delay in return to baseline.
Insight into this basic concept of hemodynamics is provided in
part by Bernoulli’s principle, which states that with
increased velocity across a fixed stenosis there is loss of
kinetic energy distal to the stenosis and a necessary decrease
in pressure.

Resting ABIs are performed first, and then the patient is
asked to walk on a treadmill at a rate of 2 mph at a 5-10°
incline for 5 minutes or until the leg pain becomes significant.
In addition to measurement of ABIs after exercise, recording
of the time to onset of pain, recovery from the pain, and the
location of pain is important, as it defines the overall effect on
the patient. At the same time, the general cardiac and respi-
ratory reserve of the patient can be observed. Exercise should
be terminated if the patient complains of chest pain, dyspnea,
or dizziness.

Exercise testing may be most helpful if there is confusion
about whether the leg symptoms are caused by arterial occlu-
sive disease versus a musculoskeletal or neurologic condition
such as spinal stenosis. Normal treadmill pressures in these
cases effectively exclude arterial occlusive disease and point to
a musculoskeletal or neurologic condition. It is the authors’
opinion that there is no additional diagnostic value in per-
forming treadmill ABIs in patients with obvious arterial occlu-
sive disease, typical claudication, and reduced ABIs at rest.
F. Transcutaneous oximetry (Tcpo,) provides local meas-
urement of skin oxygen tension, which indirectly reflects arte-
rial perfusion to the foot. The principle of transcutaneous
oxygen determination involves heat application (45°C) to the
skin, which produces hyperemia and oxygen excess. Since oxy-
gen diffuses along a concentration gradient from the capillar-
ies to the tissues, it can diffuse across the skin where it is
measured by a modified Clark platinum oxygen electrode.
Local vasodilation allows for TcPo, to accurately approximate
arterial Po,.

The transcutaneous electrode is applied to the skin at vari-
ous levels on the lower extremity. Normal Tcpo, exceeds 55
mm Hg, but levels of less than 30 mm Hg suggest a degree of
arterial ischemia. Critical ischemia manifested by ischemic
tissue loss or ischemic rest pain is associated with forefoot
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Tcpo, levels of 0 to 10 mm Hg. Tcpo, measurements can also
help predict healing of ischemic foot ulcers, with levels greater
than 20 mm Hg necessary for healing. Tcpo, is generally only
accurate if local infection has been controﬁed and edema in
the foot has been minimized.

TcpPo, can be particularly useful in evaluating patients with

longstanding diabetes and/or peripheral neuropathy, in whom
the origins of resting foot or toe pain or ulcerations may be
unclear. In such cases, ABIs will often be noncompressible as
a result of medial arterial calcinosis, and the TcPo, provides
a measure of perfusion that may help distinguish whether
the pain or ulceration is the result of arterial insufficiency or
neuropathy (Tables 6.2, 6.3).
G. Duplex ultrasound is an accurate noninvasive method
for evaluating lower-extremity circulation and can be used to
create a “road map” of arterial disease. Duplex ultrasound pro-
vides visual information about plaque morphology as well as
physiologic information about the speed and flow of blood
within the vessel. Together this information can help charac-
terize and quantify degrees of stenosis. Arterial occlusion is
identified by absence of color-flow imaging and collaterals may
be visualized proximal and distal to an occlusion or stenosis. A
jet on color-flow imaging suggests a stenosis and velocities are
then measured using pulsed Doppler proximal to, at the steno-
sis, and distal to the stenosis. The systolic velocity ratio
(SVR) is calculated by dividing the peak systolic velocity
(PSV) at or within the stenosis by the PSV proximal to the
stenosis. An SVR of >2.5 or an absolute PSV >200 cm/sec has
been shown to correlate with a >50% stenosis. However, there
are limitations to duplex ultrasound of the lower extremities.
A complete exam is time-consuming and accuracy is operator-
dependent compared with the “gold standard” of arteriography.
Obesity and overlying bowel gas limit visualization of the iliac
arteries, and tibial vessels can be difficult to image if there is
severe calcification, overlying skin disorders, or edema.

Surveillance duplex following lower-extremity revascu-
larization can identify failing bypasses otherwise not detected
by history and physical and help preserve the primary
patency of such bypasses. In fact, recurrent leg symptoms or
significant decreases ABI (0.15 or more) detect a failing
bypass in only 50% of cases. Technical defects, myointimal
hyperplasia, and recurrent atherosclerosis can result in
stenoses, following a leg bypass, that threaten the durability
and primary patency of the revascularization. Identification of
the “at-risk” bypass prior to its failure (e.g., thrombosis) allows
for intervention on and salvage of the bypass (assisted pri-
mary patency) with improved limb salvage in certain groups
of patients.

Duplex criteria have been developed to identify the “at-risk”
lower-extremity bypass graft and include grafts with a focal
PSV >300 cm/sec, a systolic velocity ratio of >3.5 at a steno-
sis, or low velocities throughout the graft (<40-45 cm/sec). A
typical surveillance program is every 3 months in the first year
after surgery, and every 6—-12 months thereafter. It is possible
to follow endovascular interventions such as femoropopliteal,
balloon angioplasty, stenting, and/or atherectomy with duplex
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although data on the effectiveness of such surveillance pro-

grams is currently scarce.

IV. The renal arteries. These can also be evaluated for steno-
sis in the noninvasive vascular laboratory by duplex ultrasound.
Testing should be considered for those patients with resistant
hypertension and/or renal insufficiency. A lower frequency probe
(2-3 MHz) is used for deeper penetration of the abdomen than
for the peripheral vessels. Evaluation can be limited by obesity
and overlying bowel gas, and is dependant upon the skill and
experience of the vascular technologist. Inadequate visualization
of the renal arteries may occur in 5-15% of studies and the pres-
ence of multiple or accessory renal arteries decreases the sensi-
tivity of the examination.

PSV is measured in the renal artery and compared against
PSV in the aorta (renal-aortic ratio, or RAR). Typical criteria
for a greater than 60% stenosis of the renal artery are PSV >200
cm/sec and RAR of >3.5. Atherosclerotic renal artery disease
usually occurs at the renal orifices, whereas fibromuscular
dysplasia often affects the mid segments of the renal arteries.
Although renal artery duplex has a high level of accuracy, a neg-
ative test does not definitively rule out the presence of a signifi-
cant stenosis. Ultimately, the clinician’s pretest probability of
disease is the most important factor in determining who should
undergo further testing with magnetic resonance arteriography
(MRA) or arteriography.

V. Mesenteric occlusive disease. The presence of this dis-
ease, involving the superior mesenteric artery (SMA) and
celiac arteries may also be effectively assessed with duplex.
Chronic mesenteric ischemia is characterized by post-prandial
pain, weight loss, and sitophobia (food fear). Patients with sus-
pected acute mesenteric ischemia should not undergo duplex
ultrasound, and are typically better served with CT angiography,
arteriography, or laparotomy in the operating room (Chapter 17).

Duplex ultrasonography of the mesenteric vessels should be
conducted in the fasting state. The examination is rarely limited
by abdominal girth, as patients with true CMI are generally
quite thin. The SMA, celiac artery, and their branches are inter-
rogated. A PSV >275 cm/sec for the SMA and >200 cm/sec
for the celiac artery is predictive for >70% stenosis. As
with renal artery stenosis, CMI from atherosclerosis usually
affects the orifices of these vessels. Retrograde flow in the gas-
troduodenal or common hepatic artery is suggestive of severe
celiac artery disease. The inferior mesenteric artery (IMA) should
be interrogated for patency or occlusion. Isolated disease of the
IMA in the absence of SMA or celiac disease does not result in
CMI, but can be associated with ischemic colitis when inadequate
collateral flow is present. When there is a high index of suspicion
for CMI, an inadequate or negative duplex study should be fol-
lowed by further imaging such as CTA, MRA, or angiography.
VI. Noninvasive vascular testing of the upper extremities.
This is quite useful for a variety of atherosclerotic and nonather-
osclerotic diseases that affect the circulation of the arms and
hands. PPG can be used to assess digital blood flow with the
probe placed on the fingertips and arterial waveforms recorded. A
qualitative examination of waveform morphology is helpful on its
own, and can be combined with digital pressure measurements if
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desired. Raynaud’s syndrome causes an intense transient
vasospasm of the digital vessels and is most often diagnosed
clinically (Chapter 18). Patients with vasospastic Raynaud’s will
have normal digital pressures, and PPGs may be normal or have
a “peaked pulse” pattern as a result of increased distal resistance.
A number of nonatherosclerotic conditions (e.g., Buerger’s dis-
ease, autoimmune disease, repetitive vibratory trauma) can
cause actual occlusions of the forearm and digital arteries. End-
stage renal disease and longstanding diabetes can lead to calcifi-
cation and obstruction of the distal arteries. As a result,
decreased digital pressures and dampened PPG waveforms are
seen in the affected fingers.

A fraction of patients with upper-extremity hemodialysis
access, develop upper-extremity vascular steal (Chapter 20).
In such cases the arteriovenous fistula or graft “steals” more flow
from the hand than is physiologically tolerable, resulting in
ischemic pain, coolness, cyanosis, and, in severe cases, tissue
loss. Finger PPGs in the affected hand will be dampened in com-
parison with the other hand and with manual compression of
the fistula, the steal is reversed and the PPGs return to normal.
Persistently abnormal PPGs with fistula compression imply
intrinsic arterial disease of the forearm and hand.

Thoracic outlet syndrome (TOS) that results in arterial
compromise is less common than neurogenic or venous TOS.
Arterial compression at the thoracic outlet can result in stenosis,
aneurysm, or even thrombosis of the subclavian artery. Provoca-
tive maneuvers such as hyperabduction and external rotation of
the arm can result in diminished digital blood pressures and
PPGs (Chapters 4 and 18). Duplex ultrasound can also reveal a
thrombosed subclavian artery or aneurysm. The noninvasive lab
findings should be correlated with clinical symptoms and addi-
tional workup such as angiography to make the diagnosis of
arterial TOS.

Proximal arterial disease in the upper extremity can be differ-
entiated from distal disease by palpation of pulses. A difference
of more than 10 mm Hg in arm pressures (left vs. right) suggests
a proximal arterial stenosis that is more frequent in the left sub-
clavian artery than the right. Duplex can be used to diagnose sus-
pected arterial disease in the upper extremity in a manner
similar to the lower extremity. This test is used less commonly in
the upper extremities, due to a lower prevalence of atheroscle-
rotic disease in the arms compared to the legs. Additionally, dis-
ease of the subclavian artery is difficult to detect because of the
position of the artery within the chest and behind the clavicle. A
proximal subclavian stenosis can result in a condition referred to
as subclavian steal syndrome. In such cases, exertion of the
arm results in distal vasodilation with increased velocity across
the stenosis. The increased velocity across the fixed stenosis
results in a pressure decrease distally. In this case, the decrease
in pressure results in reversal of flow in the vertebral artery dis-
tal to the subclavian stenosis. Abnormal retrograde or bidirec-
tional flow in the vertebral artery can be seen on duplex at
baseline and is a sign of proximal subclavian occlusive disease.
VII. Carotid arterial disease.

A. Duplex ultrasound is the test of choice for the initial

evaluation of extracranial carotid disease. Developed in the
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mid-1980s, this method of evaluation was rapidly embraced
because it allowed accurate, inexpensive, and noninvasive
evaluation of the carotid arteries. Although contrast arteriog-
raphy was and still is useful in select instances, it is invasive
and has an associated risk of stroke. It also introduces risk
related to the use of contrast agents and to the puncture or
access site. Currently, the most common reasons for carotid
duplex are the presence of a cervical bruit or the history of
neurologic symptoms such as a transient ischemic attack or
stroke (Chapter 13).

Similar to the use of duplex in other vascular distributions,
B-mode imaging is combined with pulsed Doppler to provide a
visual image and physiologic evaluation of the common, inter-
nal, and external carotid arteries. Using the B-mode image,
the Doppler signal is positioned in the center of blood flow
within the vessel at an optimal angle of insonation to allow
(a) spectral analysis and (b) measurement of velocities. The
first indication of an abnormal flow disturbance is turbulence,
which may not be reflected by elevated velocities but instead
by the phenomenon of spectral broadening discussed previ-
ously (Fig. 6.2). As the amount of disease worsens and a steno-
sis develops, velocities become elevated, first the PSV and
eventually the end diastolic volume, until the stenosis is so
great there is only a trickle of flow through the vessel or it
occludes (Fig. 6.7; Table 6.4).

In addition to spectral analysis and velocity measurement,
carotid plaque morphology and color-flow analysis provide
useful information. Carotid plaques may be characterized as
smooth, irregular, or ulcerated, and the degree of calcification
is also noted. A heterogeneous or mixed plaque contains a
combination of echolucent and echodense signals and can indi-
cate pending intraplaque hemorrhage. Color-flow analysis not
only identifies of areas of turbulence but is also useful for
mapping tortuosity of the carotid artery.

Carotid stenoses were originally categorized according to
criteria developed by Dr. Eugene Strandness and a group at
the University of Washington in Seattle in the 1980s. Duplex
criteria were defined or validated by comparing thousands of
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Figure 6.7. Internal carotid artery Doppler spectrum patterns.
(The criteria are summarized in Table 6.4.) The percentage refers
to the degree of stenosis.
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Table 6.4. Criteria for carotid artery disease based on

duplex ultrasonography
ICA stenosis PSV EDV Ratio ICA/CCA
1-39% <115 cm/sec <40 cm/sec <1.8
40-59% <130 cm/sec >40 cm/sec <1.8
60-79% >130 cm/sec >40 cm/sec >1.8
80-99% >250 cm/sec >100 cm/sec >3.7

Occluded No ICA signal No ICA signal —

Note: the quality of the plaque is noted to be homogeneous (uniform echo
pattern) or heterogeneous (complex echo pattern).

CCA, circumflex carotid artery; EDV, end diastolic volume; ICA, internal
carotid artery; PSV, peak systolic velocity.

duplex ultrasounds to the “gold standard” of the day, carotid
arteriography. Specifically, spectral analysis and velocity
measurements were compared to the relationship between the
greatest point of narrowing versus the estimated normal
diameter of the carotid bulb on arteriography (degree of steno-
sis). Specific spectral patterns and velocity ranges were then
correlated with increasing degrees of carotid stenosis and
criteria established for a range of duplex findings from A (nor-
mal carotid with no disease) to D+ (high-grade, preocclusive
stenosis) (Table 6.4).

Growing experience has confirmed that carotid duplex is
accurate, especially in the mid to high range of stenosis (50—
99%) where the sensitivity and specificity are over 95%. In
some instances, duplex may have limitations in differentiating
a very high-grade stenosis from internal carotid occlusion. In
such cases flow beyond the stenosis may be so sluggish or lim-
ited that it is not detected or recognized by the sonographer,
and the findings are interpreted as occlusion. Depending upon
the clinical setting, additional diagnostic studies such as arte-
riography may be necessary to differentiate stenosis versus
occlusion in these cases.

Duplex also provides useful information about the vertebral
arteries in patients with nonlateralizing, posterior cerebral
symptoms such as dizziness, vertigo, blurred vision, and ataxia.
In most instances, the proximal vertebral (V, segment) can be
studied directly and flow-limiting stenosis visualized and
quantified. Indirect assessment of the vertebral is also made by
determining the direction of flow (antegrade, retrograde, or
bidirectional), which may indicate proximal arterial disease of
the subclavian or innominate arteries. The more distal verte-
bral segments (V,—V,) are surrounded by the vertebral bodies
and cannot generally be assessed by duplex.

In most cases, carotid duplex is the only imaging modality
necessary for surveillance prior to endarterectomy. Additional
imaging is only needed when duplex cannot provide complete
information because of clinical factors related to the patient’s
presentation or technical factors related to performance of the
duplex. In such instances other noninvasive studies such as
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CT angiography (CTA) and MRA complement duplex by pro-
viding images of the proximal and distal carotid circulations
and of the brain (Fig. 6.8). Contrast arteriography carries a
low but finite risk of stroke and access site complications (1—
2%) and is typically reserved for cases when duplex, CTA, and
MRA are unable to provide complete information.

Limitations of duplex exist in its inability to examine the

proximal intrathoracic vessels (aortic arch and supra-aortic
trunk) and distal cervical and intracranial carotid circulation.
Additionally, the quality and reliability of duplex is directly
related to the training level and experience of the vascular
sonographer. As such, additional imaging may be indicated
depending upon experience level of the lab and specifically in
cases of high carotid bifurcation precluding visualization of the
distal carotid artery. Additional imaging may also be necessary
if there is suspicion of tandem stenoses in the aortic arch, prox-
imal common, or distal intracranial carotids. Lastly, in cases of
unilateral carotid occlusion, duplex may overestimate the
degree of the contralateral carotid disease. This phenomenon
occurs as velocities through the patent carotid contralateral to
the occlusion become elevated as a compensatory mechanism
to maintain cerebral perfusion and not because of high degrees
of stenosis.
B. Transcranial Doppler (TCD) is a noninvasive method to
assess the intracranial circulation. TCD devices emit pulses of
ultrasound from a 2 MHz probe through specific bony “win-
dows” to the intracranial arteries. By placing the probe supe-
rior to the zygomatic arch, one can insonate the distal internal
carotid siphon, anterior cerebral artery Al segment, middle
cerebral artery M1 segment, and posterior cerebral artery P1
and P2 segments. The ophthalmic artery and a portion of the
internal carotid siphon may be assessed with the transorbital
approach, and the suboccipital window is used to insonate the
distal intracranial segment of the vertebrobasilar system.

A variety of clinical applications have been established for
TCD that can be of use to the vascular specialist. The intracra-
nial circulation can be assessed for collateral flow patterns in
cases with severe bilateral carotid artery stenosis or occlusion.
During carotid endarterectomy, TCD has been used to monitor
for microembolic events, and intracranial stenosis or occlu-
sions can also be detected. However, the total impact of TCD
on the current evaluation of cerebrovascular disease remains
relatively small compared to the role of extracranial carotid
duplex ultrasonography.

VIII. MRA and CTA. These are noninvasive tests performed in
the radiology department, outside of a traditional vascular labo-
ratory. As has been discussed, these modalities, in combination
with duplex, provide a definitive diagnosis of vascular pathology
without standard arteriography in most cases. In preparation for
vascular and endovascular interventions, MRA and CTA are
being used increasingly as adjunctive tests or sometimes as the
sole imaging modality. The choice whether or not to utilize this
technology, and if so which kind, depends largely on the avail-
ability and quality of these studies at a particular institution.
Magnetic resonance imaging (MRI) relies on the principle
that hydrogen nuclei (protons), when subjected to a magnetic



Chapter 6. Noninvasive Testing 65

field, align themselves in the direction of the field’s poles. How-
ever, bursts of radio waves of appropriate frequency will alter
this alignment (excitation). Following each radio frequency burst,
the protons realign themselves with the magnetic field. This
realignment (relaxation) is associated with the emission of a faint
radio signal. A computer translates these signals into an image of
the scanned area, which reveals varying densities of protons that
correlate with different tissues (e.g., soft tissue and bone).

The physics of MRI are well suited for imaging vascular dis-
ease. In rapidly moving blood, the hydrogen nuclei do not line up
in the applied magnetic field and thus produce little or no signal
when stimulated by a radio frequency burst. The result is a nat-
ural contrast between the blood and the vessel wall. Several
techniques of MRI have evolved in order to optimize resolution
of blood vessels, but the use of contrast-enhanced MRA is most
popular among vascular specialists. Gadolinium is a heavy metal
analog that is injected intravenously in order to enhance the
clarity of MR arterial images.

Spiral or helical CT scanners have the ability to collect a vol-
ume of data by continuously rotating 360 degrees over the entire
area of interest. Three-dimensional reconstructions can be cre-
ated based upon coronal, sagittal, and axial images. Visualiza-
tion of the vasculature is enhanced by the use of 100—200 cc of
iodinated contrast for a typical CTA. Nonionic contrast is prefer-
able due to decreased pain with injection and lower risk of con-
trast nephropathy in patients with renal insufficiency. However,
the greater expense of the nonionic contrast has limited it from
everyday use at many hospitals.

All of the major vascular beds can be interrogated by CTA or
MRA. Imaging of intracranial vessels and parenchymal disease
with either modality provides high-quality images and visually
appealing three-dimensional reconstructions. Computer soft-
ware advances have brought brachiocephalic imaging with these
techniques to a level comparable to standard contrast arteriog-
raphy. MRI is superior to CT scanning in evaluating cerebral
edema, and has the potential to accurately stage strokes and to
determine the optimal time for any cerebrovascular operation in
such patients. Mesenteric or renal artery stenoses can also be
visualized by either modality with sensitivity and specificity
approaching that of invasive angiography. The timing of the con-
trast bolus is key to providing good visualization of these vessels.
These imaging studies are also very useful with the coexistence
of an aortic aneurysm, dissection, or other abdominal pathology.
Although small abdominal aortic aneurysms are followed with
ultrasound, enlarging or larger aneurysms are usually imaged
with CT (Chapter 15). The greatest experience with preoperative
planning and postoperative surveillance for endovascular
aneurysm repair has been with CTA and not MRA.

Lower-extremity arterial occlusive disease is frequently eval-
uated by CTA or MRA. Images similar to arteriography can be
created with post-processing techniques. By and large, arteriog-
raphy is considered the gold standard prior to lower-extremity
bypass. However, some authors have found that high-quality
MRA can identify obscure distal target vessels not seen on
angiography. MRA may be obscured by venous artifact, if tim-
ing is not optimal. A particular strength of MR is the ability to



66 Section II. The Vascular System

simultaneously visualize muscular and tendinous structures.
For example, popliteal artery entrapment from surrounding
musculature can be diagnosed with positional stress. MR has
also shown great promise in diagnosing venous thrombosis and
obstruction, and is of the most value in areas inaccessible by
ultrasound such as the abdominal, pelvic, and innominate veins.
Protocols have been developed for the CT diagnosis of DVT,
which can be combined with lung scan to detect pulmonary
thromboembolus.

Certain limitations exist that are specific to each MRA and

CTA, the major one being cost. In addition, patients with metal-
lic life-support systems (e.g., pacemakers) are excluded from
MRI, since the magnet creates problems with their function and
some intracranial arterial aneurysm clips preclude accurate
MRI. Finally, some patients become quite claustrophobic during
MRI and are unable to tolerate its completion. CTA involves
exposure to ionizing radiation, and iodinated contrast can cause
allergic reactions and anaphylaxis, albeit uncommonly. Of even
greater concern is the potential damage to the kidneys caused by
the contrast agents used during CTA (contrast nephropathy),
particularly in the elderly and in those with existing diabetes
mellitus or renal insufficiency. An advantage of MRA has been
that the use of gadolinium-based contrast does not have such a
strong propensity to contrast nephropathy. However, the U.S.
Food and Drug Administration has issued warnings regarding
reports of renal fibrosis after gadolinium injection in patients
with severe renal insufficiency. Vascular specialists can therefore
no longer rely on MRA as a diagnostic tool in this subgroup of
renal patients. CTA can be limited by the presence of vessel wall
calcification that can obscure the lumen, whereas calcium does
not cause artifact on MRA. More so than CTA, MRA is more dif-
ficult to interpret in areas with prior metallic stents, which can
cause a loss of signal within the stent. Therefore, stents may give
the false appearance of a stenosis or occlusion, although nitinol
stents produce fewer artifacts. MRA also has a greater tendency
to overestimate native artery stenosis. Some authors also caution
that less expensive but effective methods of vascular imaging
such as duplex ultrasound must not be abandoned during the
current rapid proliferation of these diagnostic modalities.
IX. Venous disease. Symptoms of venous disease are nonspe-
cific, and therefore can be difficult to diagnose by physical exam-
ination alone. The indications to assess for venous reflux may
include leg swelling, varicose veins, and venous ulceration. The
clinical signs of DVT are notoriously insensitive, and patients
may in fact be entirely asymptomatic. Accurate diagnosis of
venous diseases in the noninvasive vascular laboratory is there-
fore essential in establishing a diagnosis and can be potentially
life-saving in the setting of DVT. Although the diagnosis of DVT
by venography is primarily of historical interest, contemporary
treatment with catheter-directed thrombolysis has wit-
nessed a resurgence of this procedure.

A. Venous insufficiency (reflux) can be measured physio-

logically by APG. With this technique, a recording pneumatic

cuff is inflated minimally on the calf to hold it in place. The leg
is elevated to empty it of venous blood. Alternately, the patient
can perform toe raises to contract the calf muscle, which also
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leads to emptying of the venous system. Then, the patient
stands without bearing weight on that leg (so the calf muscle
will not eject blood). The venous refill volume into the calf over
time is determined. Patients with venous reflux will have
shorter refill times. Deep venous reflux will have a more pro-
found effect than superficial reflux. This technique can be
modified to assess for chronic venous outflow obstruction. A
separate thigh cuffis then inflated to 60-80 mm Hg to occlude
the venous outflow. Arterial flow continues to fill the calf over
several minutes. The thigh cuff is then released. The recording
calf cuff measures the venous outflow, which will be much
slower in limbs with more proximal venous outflow obstruc-
tion (Fig. 6.8). Because it measures the physiologic function of
the lower-extremity venous system, APG is not helpful in
determining the presence of acute DVT.

B. Duplex ultrasound is an extremely valuable tool in the
diagnosis of venous reflux and thrombosis. Venous reflux
should be assessed with the patient in the standing position
and the examiner’s hand used to periodically squeeze the calf
to augment venous flow towards the heart. When compression
from the hand is then released, the vein of interest should be
interrogated with duplex. Reflux will result in prolonged ret-
rograde flow towards the foot and prolonged valve closure
times (>1.0 sec). Using a pneumatic cuff on the calf that can
be inflated and rapidly deflated helps to standardize the test,
while freeing up the examiner’s hands. The Valsalva maneu-
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Figure 6.8. Venous plethysmography. Blood is ejected from the
calf by tiptoe maneuvers. A recording cuff on the calf measures the
residual volume (RV) at the nadir. Patients with no reflux have a
low RYV, due to efficient calf muscle ejection. Chronic deep venous
insufficiency is associated with the highest RV due to pooling of
blood in the calf. Superficial reflux from varicose veins results in
an intermediate RV.
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Table 6.5. Duplex criteria for acute
deep venous thrombosis

Incompressible vein in transverse plane
Visualization of thrombus

No flow by color imaging

Failure to dilate with Valsalva manuever?
Lack of respiratory phasicity

aApplies to femoral vein.

ver can also be used to assess for reflux at the saphenofemoral
junction.

Duplex ultrasound is the test of choice for suspected acute
DVT (Table 6.5). Normally, a vein should be entirely com-
pressible by the ultrasound probe. The compression test is best
performed in the transverse view (vein appears circular). In
the longitudinal axis the probe can unintentionally be off the
midline, which can falsely lead the examiner to believe the
vein is not compressible. Incompressibility of the vein is the
principal finding associated with thrombosis. Lack of flow on
color-flow mode also suggests an occlusion. Fresh thrombus
may be very echolucent, so that its presence in a vein may be
difficult to visualize. Over time, thrombus becomes echogenic
(white) and chronically may show evidence of recanalization
(wall thickening, irregular flow lumen). Central veins, such as
the iliac and subclavian veins, are more difficult to directly
evaluate with duplex and compression maneuvers, because of
their location. Indirect parameters such as phasicity of flow
must be examined to assess patency of more central veins.
The absence of normal femoral vein dilation with Valsalva
maneuver can occur in the presence of iliac vein thrombosis
and normal respiratory variation in flow, referred to as pha-
sicity, may also be absent.
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The aging process can bring multiple health problems. Many of
these problems are now well-recognized risk factors for athero-
sclerosis that have important impact on and increase the risk of
coronary artery disease as well as peripheral vascular diseases,
such as lower-extremity occlusive disease and cerebrovascular
disease (Fig. 7.1). Simply put, the older one gets, the higher the
risk of atherosclerosis. When these factors are controlled well,
the risk of both vascular disease progression and perioperative
events are reduced. However, when these risk factors are not
controlled they may work in concert in the development of vas-
cular disease and perioperative events. This chapter focuses
broadly on some of these cardiovascular risk factors and on coun-
seling patients about how to minimize cardiovascular events
around the time of vascular interventions. Specific pathways
that can be used to stratify periprocedural risk once a specific
vascular intervention is planned are addressed in Chapter 8.

I. Tobacco abuse. Cigarette smoking has now clearly been
identified as an independent predictor of vascular disease and
failure of vascular operations or interventions. While smoking
has notoriously been associated with coronary artery disease,
the cerebrovascular and lower-extremity arteries appear to be
more adversely affected by cigarette smoking than the coronary
system. Smoking increases the risk of stroke at least twofold and
the risk of lower-extremity occlusive disease four- to sixfold (two
times that in the coronary arteries). Continued tobacco abuse is
responsible for vascular disease progression, while smoking ces-
sation mitigates these effects. Studies have shown that the risk
of death, myocardial infarction (MI), amputation, and bypass
graft failure are all lower in those who have stopped smoking
compared with active smokers. The precise mechanisms of smok-
ing’s harmful effects on the heart and blood vessels are not fully
understood, due in part to the fact that the chemical milieu pro-
duced by the burning of tobacco produces over 8,000 chemical
byproducts. It is generally accepted, however, that nicotine is the
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Figure 7.1. Range of independent impact of each atherosclerotic
risk factor in the development of lower-extremity vascular disease.
Smoking indicates comparison versus former smoking. (From
Hirsch AT, Haskal ZJ, Hertzer NR, et al. for the writing committee.
ACC/AHA 2005 guidelines for the management of patients with
peripheral arterial disease [lower extremity, renal, mesenteric,

and abdominal aorticl: A collaborative report from the AAVS/SVS/
SCAI/SVMB/SIR and the ACC/AHA task force on practice guidelines.
J Am Coll Cardiol. 2005;e1-e192, with permission.)

stimulant and addictive component of tobacco. Despite this
addictive property, nicotine does not appear to participate in
the adverse effects of smoking on the vascular system. In con-
trast, oxidizing agents in tobacco are known to cause vasocon-
striction, hypertension, and endothelial dysfunction, which, in
addition to inhibition of prostacyclin, cause a hypercoagulable
state. The effect of these oxidizing substances in cigarette smoke
lead to augmented lipid deposition, platelet aggregation, and
smooth muscle cell dysfunction. Collectively, these harmful
effects encourage the formation of new atherosclerotic lesions
and cause existing lesions to be less stable and more prone to
thrombosis.

It is no wonder that smoking cessation is critical to improving
cardiovascular outcomes. Convincing smokers to quit is not easy,
as most are affected by chemical addiction. The techniques avail-
able to help patients discontinue smoking will not succeed unless
the patient really wants to stop. Those who are convinced that
smoking is related to their vascular disease and have good moti-
vation generally will stop smoking. Unfortunately, these individ-
uals are in the minority and only 40% of men and 30% of women
who quit smoking will remain free of tobacco one year later.

Most studies of smoking cessation pharmacotherapy have
focused on nicotine as the addictive element in tobacco. Nicotine
replacement therapy comes in several forms, including transder-
mal patches, gum, nasal spray, inhalers, and sticks meant to sim-
ulate cigarettes. A newer nicotinic receptor agonist based on the
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structure of cytosine, called varenicline (Chantix Pfizer, Inc.,
New York, NY, U.S.A.) has shown particular effectiveness in
helping individuals to quit smoking. The antidepressant bupro-
pion (Wellbutrin and Zyban, GlaxoSmithKline, Brentford,
Middlesex, U.K.) has also been used with some success to reduce
symptoms of withdrawal and achieve smoking cessation. Combi-
nation therapy consisting of bupropion and nicotine replacement
has been shown in some studies to improve cessation rates com-
pared to either therapy alone (Fig. 7.2). Interestingly, a new nico-
tine vaccine is being evaluated that in theory turns the body’s
immune system against the chemical before it is able to reach
the brain and cause its addictive effects. Most studies have found
that the effectiveness of any of these medications in assisting
with smoking cessation is increased if combined with formal
counseling and/or psychotherapy sessions. Regardless of the
method used, the best long-term results to date report cessation
rates of only 20-25%, although evidence suggests that rates may
be higher with the newer nicotine receptor agonists.

II. Hypertension. The management and control of hyperten-
sion mitigates the development and progression of peripheral
arterial disease and the risk of adverse periprocedural cardiac
events defined as stroke, MI, and cardiovascular death. The risk
of each of these events is two to four times higher in hyperten-
sive patients compared with patients with normal blood pres-
sure. Traditional guidelines have set a systolic blood pressure of
140 mm Hg or lower and diastolic pressure of 90 mm Hg or lower
as “normal” target numbers. More recent information suggests
that lower target numbers of 130/80 or lower are beneficial in
patients with diabetes, renal insufficiency, and certain forms of
heart disease.

Three common categories of antihypertensive medications
are beta-receptor blockers, calcium channel blockers, and
medications that alter the renin-angiotensin system, either
through inhibition of the angiotensin-converting enzyme
(ACE inhibitors) or through angiotensin receptor blockade
(ARBs). Beta-blockers and ACE inhibitors have both been
shown to reduce the incidence of MI and cardiovascular death in
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Figure 7.2. Abstinence from smoking based upon cessation therapy
used at 6 and 12 months. (From Jorenby DE, Leischow SJ, Nides MA,
et al. A controlled trial of sustained-release bupropion, a nicotine
patch or both for smoking cessation. N Engl J Med. 1999;340:685-691,
with permission.)
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those with coronary disease, and ACE inhibitors have been
shown to reduce these same adverse outcomes in patients
with peripheral arterial disease. The effectiveness of beta-
blocker therapy in reducing periprocedural and long-term
cardiac events in those undergoing vascular interventions is
so well established that it should be part of every patient’s
medical management.

In addition to the benefits of reduced blood pressure levels,
arterial wall and myocardial cell remodeling are favorably
altered by medications that block the renin-angiotensin-
aldosterone system. The specifics of these effects remain less well
defined and represent an area of active research; however, these
medications in particular may modify the cardiovascular system
through a mechanism that is independent of their effects on blood
pressure levels.

In addition to the categories of antihypertensive medications

already mentioned, the central acting medication clonidine and
the direct vasodilator hydralazine are useful in treating more
significant hypertension in some individuals. Diuretics such
as hydrochlorothiazide (often abbreviated HCTZ) and Lasix
(furosemide) can be used alone or in combination with other
antihypertensive agents to successfully treat high blood pres-
sure. Importantly, improvements in blood pressure control can
also be realized by healthy lifestyle modifications, such as an
improved diet, weight loss, and initiation of an exercise program.
If blood pressure measurements remain elevated and refractory
despite months of treatment with multiple agents, renal artery
occlusive disease (e.g., renovascular hypertension) should be con-
sidered as a possible etiology.
III. Hyperlipidemia. Control of high serum lipids may slow the
progression of atherosclerosis. In particular, statin medications
or hydroxymethylglutaryl (HMG) CoA-reductase inhibitors not
only control cholesterol but appear to halt atherogenesis and may
even lead to plaque regression. They also have helpful effects on
the endothelium and vascular smooth muscle and are antithrom-
botic. Their use has been shown to reduce all types of cardiovas-
cular events. In the Scandinavian Simvastatin Trial, drug
therapy for hypercholesterolemia was associated with a 38%
reduction in the development or worsening of claudication. The
Heart Protection Study has revealed significant reductions in
coronary events, strokes, and peripheral intervention require-
ments in those with and without diagnosed peripheral vascular
diseases using simvastatin (Zocor, Merck & Co., Inc., West Point,
PA, U.S.A.) (Fig. 7.3). Retrospective reviews have noted a reduc-
tion in carotid endarterectomy restenosis and improved durabil-
ity in those taking lipid-lowering agents.

In peripheral vascular disease, the major lipid risk factors
are:

1. Elevated low-density lipoprotein (LDL)
2. Elevated triglyceride levels
3. Depressed levels high-density lipoprotein (HDL)

Normal plasma cholesterol is defined as less than 200
gm/dL/100 mL. However, the risk from serum cholesterol is con-
tinuous and increases as the cholesterol level rises. LDL levels
greater than 160 mg/dL are considered extraordinarily high and



Chapter 7. Risk Factors and Modifications 75

Major vascular event  Simvastatin Placebo Event rate ratio Heterogeneity
& prior disease group  -allocated -allocated (95%Cl) p-value
(10,269) (10,267)
Major coronary events
369 (10.9%) 465 (13.8%) .—I— p=0.3
No PAD 529 (7.7%) 747 (10.8%) :
Subtotal: coronary 898 (8.7%)  1212(11.8%) 0 0.73 (0.67-0.79)
: p<0.0001
Strokes :
PAD 179 (5.3%) 242 (7.2%) - p=0.7
No PAD 265 (3.8%) 343 (5.0%) ——
Subtotal: stroke 444 (4.3%) 585 (5.7%) > 0.75 (0.66-0.85)
: p<0.0001
Revascularisations
PAD 466 (13.8%) 603 (17.9%) ‘ p=0.7
No PAD 473 (6.9%) 602 (8.7%) 1—
Subtotal: 939 (9.1%) 1205 (11.7%) < 0.76 (0.70-0.83)
revascularisation p<0.0001
MAJOR VASCULAR
EVENTS :
PAD 895 (26.4%) 1101 (32.7%) p=05
No PAD 1138 (16.5%) 1484 (21.5%)
ALL PATIENTS 2033 (19.8%) 2585 (25.2%) ‘ 0.76 (0.72-0.81)
H p<0.0001
0:4 ' OI.S ' OI.B ' 1.0 ' 112 ' 114
Simvastatin better | Placebo better
Figure 7.3. The effects of simvistatin use in those with and without

peripheral vascular disease on the major cardiovascular endpoints
of coronary events, stroke, and revascularization requirements.
(From Heart Protection Study Collaborative Group. Randomized
trial of the effects of cholesterol-lowering with simvistatin on
peripheral vascular and other major vascular outcomes in 20,536
people with peripheral arterial disease and other high-risk condi-
tions. J Vasc Surg. 2007;45:645-654, with permission.)

need reduction, ideally to less than 100 mg/dL. In those at high-
est risk for ischemic events it is recommended to reduce LDL to
70 mg/dL. Triglyceride levels should be below 150 mg/dL, which
is usually achieved with fibric and nicotinic acid derivatives such
as gemfibrozil and niacin. Cholesterol may also be lowered by
the bile acid-sequestering resins cholestyramine and cole-
stipol as well as niacin. As a rule, serum measurements of cho-
lesterol and triglycerides should be determined after a 12-hour
fast. A low-fat (35% of calories), low-cholesterol (<300 mg daily)
diet remains the cornerstone of treatment of hyperlipidemia,
and when combined with regular exercise is much more effec-
tive. Performance in a regular aerobic exercise program has been
shown to be especially effective in increasing levels of the useful
form of lipoprotein, HDL. Importantly, alcohol may exacerbate
hypertriglyceridemia in some individuals and elimination of
alcohol intake should be an initial step in managing hypertri-
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glyceridemia. Although past recommendations called for a 3-
month trial of diet management before medications were added,
it is now common for statins to be started earlier, particularly as
our understanding of the benefits of this class of medications
evolves. The side effects of statin therapy are few but include
hepatic toxicity and myositis, which can cause significant leg
pain or soreness in some individuals. Therefore, patients receiv-
ing statins must be evaluated by the prescribing physician and
have liver function and creatinine kinase levels monitored dur-
ing therapy.

IV. Diabetes mellitus. Diabetes has both macrovascular and
microvascular effects. It is a strong independent predictor for
stroke and lower-extremity occlusive disease. The need for
amputation in diabetics with lower-extremity arterial occlusive
disease is roughly 10 times that of nondiabetics. While tight
glycemic control has been recognized as preventing microvascu-
lar events, such as nephropathy, retinopathy, and neuropathy, it
remains unclear if this reduces cardiovascular events. It appears
likely that in those diabetics with intensive glucose control, clau-
dication, revascularization, and amputation occur less fre-
quently. However, there is no current evidence that good diabetic
treatment retards atherosclerosis. Strict control may aid the dia-
betic in clearing and healing infections and minor skin break-
downs. Collectively, these nuances have led the American
Diabetes Association to recommend maintaining a glycosy-
lated hemoglobin (A1C) of less than 7% in those diabetics
with peripheral vascular disease. Meticulous foot care to include
appropriate shoes, moisturizing skin care, and daily inspection
are critical in order to avoid ulceration, necrosis, infection, and
potential sepsis or amputation.

V. Antiplatelet therapy. A significant cardiovascular benefit
is realized when patients with peripheral vascular disease take
antiplatelet medications. It is important to understand that this
benefit is not necessarily related to improved leg symptoms or
walking distance, but instead to improved survival over time.
Specifically, the Antithrombotic Trialists’ Collaboration
meta-analysis has shown reductions in MI, stroke, and vascular
death in those with peripheral vascular disease with the use of
antiplatelet therapy. This reduction was between 20% and 30%
in those with intermittent claudication, peripheral bypass grafts,
or peripheral angioplasty. Antiplatelet therapy also reduces
subsequent cardiovascular events in those with asymptomatic
cerebrovascular disease and other atherogenic risk factors. Sim-
ilarly, the use of antiplatelet therapy after previous stroke or
prior carotid endarterectomy has been shown to reduce second-
ary stroke.

Most studies on the effectiveness of antiplatelet therapy have
utilized aspirin, which competitively inhibits the cyclooxyge-
nase enzyme within the platelet. Inhibition of cyclooxygenase
blocks the production of prostaglandin and thromboxane A
(TXA,) from arachidonic acid. The detrimental effect of TXA,
comes from its activation of the GP IIb/IIla binding site on the
platelet, which allows fibrinogen to bind, which causes platelets
to aggregate or begin to clump together. By inhibiting cyclooxy-
genase and ultimately TXA,, aspirin prevents platelet aggrega-
tion. The antiplatelet effect of aspirin lasts for about 72 hours
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and can be achieved with 81 mg per day, which has a lower
bleeding risk than the traditional 325 mg daily dose.

Clopidogrel (Plavix, Sanofi-Aventis/Bristol-Myers Squibb
Company, New York, NY, U.S.A.) is another antiplatelet medica-
tion (75 mg daily) that works as a noncompetitive inhibitor of
the adenosine diphosphate (ADP) receptor on platelets. The
effect of clopidogrel on this receptor is irreversible and lasts the
duration of platelet, which is about 7 to 10 days. Binding of ADP
to its receptor on the platelet is necessary for activation of the
same GP IIb/IIIa receptor triggered by TXA,. The IIb/IIIa recep-
tor is important as the binding site for fibrinogen, which initi-
ates platelet aggregation. Both low- and high-affinity ADP
receptors are present on platelets, and the active metabolite of
clopidogrel also inhibits the low-affinity ADP receptor. Through
these actions on the ADP binding sites and ultimately the GP
IIb/I1Ia receptor, clopidogrel provides a more thorough or
stronger antiplatelet effect than aspirin in most patients.

Recently, results from the Clopidogrel versus Aspirin in
Patients at Risk of Ischemic Events (CAPRIE) trial were
reported. In individuals with previous MI or stroke, or in those
with diagnosed peripheral vascular disease, clopidogrel reduced
cardiovascular events by 8.7% (5.32% vs. 5.83% per year) com-
pared with aspirin. In those with peripheral vascular disease,
the benefit with clopidogrel was greater, with the risk of vascu-
lar death, stroke, or MI reduced by almost 24% (3.71% vs. 4.86%
per year) at 3 years. The findings of CAPRIE were statistically
significant in favor of clopidogrel, and many who treat those
with established peripheral vascular disease use clopidogrel as
first-line therapy based on this data. However, the absolute risk
reduction with clopidogrel in CAPRIE was small, and aspirin
remains an established and less expensive antiplatelet therapy.
These facts are especially relevant when considering a medica-
tion that will be taken for many years; some providers prefer
using aspirin as the initial therapy and use clopidogrel as an
effective alternative. Combination therapy with aspirin and
clopidogrel is somewhat controversial and no studies to date
have shown benefit of dual- versus single-agent treatment. Ben-
efit from dual antiplatelet therapy has been difficult to show in
clinical studies because of the increased risk of bleeding associ-
ated with the combination of these two agents.

While the question of which antiplatelet medication to use may
not have a single answer that applies to all patients, guidelines
do exist to assist the provider in this area. Specifically, there is
a consensus based on multiple clinical trials that some form of
antiplatelet therapy, either aspirin or clopidogrel, is indicated in
patients with peripheral vascular disease to reduce the long-term
cardiovascular event rate including cardiovascular death (class/
level of evidence 1A) (See Table 8.2). Because aspirin has been
around the longest, it has the benefit of having demonstrated its
effectiveness in more than one randomized controlled study. The
use of aspirin is therefore supported by class/level 1A evidence,
which denotes the consensus on efficacy (class 1) supported by
multiple randomized controlled trials (level A). In contrast, clopi-
dogrel was more recently introduced and has only been shown to
be effective in one randomized controlled trial (CAPRIE). Use of
clopidogrel in this setting is therefore supported by class/level 1B
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evidence, indicating the consensus on efficacy (class 1) supported
by one randomized controlled trial (level B).

Other medications with differing mechanisms providing

antiplatelet effects are also available. These include picotamide,
a thromboxane synthase inhibitor that directly inhibits the
production of TXA, and cilostazol (Pletal, Otsuka America Phar-
maceutical, Inc., Rockville, MD, U.S.A.) and dipyridamole (Per-
santine Boehringer Ingelheim Pharmaceuticals, Gaithersburg,
MD, U.S.A.), which inhibit the phosphodiesterase enzyme within
platelets. Dipyridamole, which may have a unique role in pre-
venting secondary stroke, also directly stimulates prostacyclin
synthesis and potentiates the platelet inhibitory actions of
prostacyclin. However, some of these effects may not occur at
therapeutic levels of the drug; hence, the mechanism of action of
dipyridamole remains somewhat poorly defined.
VI. Hyperhomocysteinemia. It is now understood that high
serum levels of the amino acid homocysteine are associated
with a substantial increase in the risk of arterial occlusive dis-
ease. Hyperhomocysteinemia carries an independent two- to
threefold increased risk for developing lower-extremity occlusive
disease, intermittent claudication, coronary artery disease, and
stroke. Increased homocysteine levels are found in 30-50% of
those with established cardiovascular disease, and evidence sug-
gests that hyperhomocysteinemia also augments progression of
peripheral arterial disease. Even more interesting is the fact
that this condition places those with peripheral arterial disease
at a three- to fourfold increase in vascular morbidity and mor-
tality compared to those with normal levels of this amino acid.

The causes of hyperhomocysteinemia may include either a
genetic alteration in the enzymes responsible for its metabolism,
or deficiencies in vitamin B, and folate, which are cofactors
in this process. B complex vitamins, cobalamin (B,,), pyridoxine
(Bg), and folic acid have all been noted to reduce plasma levels of
homocysteine and have been targeted as a potentially simple
therapy for this risk factor. However, there is as of yet no corre-
lation between reducing amino acid levels and reducing cardio-
vascular events. In fact, a trend indicating a reciprocal effect has
been noted. Trials are ongoing and more information should be
available in the coming years.

VII. C-reactive protein and fibrinogen. An association has
been noted between elevated plasma levels of the inflammatory
markers C-reactive protein and fibrinogen and vascular dis-
ease. Specifically, increased levels of these markers have been
identified in patients with lower-extremity occlusive disease,
coronary artery disease, and stroke. This relationship is thought
to be an association and not causative, meaning that these mol-
ecules do not cause vascular disease but are simply markers of
the immune-mediated process of atherosclerosis. The role of
these molecules in identifying and treating vascular disease is
not fully understood and currently no recommendations can be
made as to their use in clinical practice.

VIII. Obesity. While obesity may not be in and of itself a risk
factor for the development of peripheral vascular disease, it
makes treatment difficult. In the setting of extra weight, degen-
erative joint disease, and respiratory limitations, exercise pro-
grams for lower-extremity occlusive disease have very low
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success rates. Obesity makes endovascular access to the femoral
arteries and operative exposure in the groin, abdomen, and
retroperitoneum more difficult. Obesity is also a risk factor for
periprocedural complications such as pneumonia, venous throm-
bosis, and pulmonary embolism. In the authors’ experience, obe-
sity increases wound complications, specifically those overlying
femoral artery exposures in the groin. Consequently, it is the
authors’ opinion that obese candidates for elective vascular pro-
cedures should lose weight prior to the surgery or endovascular
therapy, understanding that those with symptomatic or urgent
conditions will not have such benefit.

Patients who are 15 to 40 pounds above their ideal weight are
considered moderately obese. Morbidly obese patients (100 lbs
overweight) seldom can be expected to lose substantial weight
before elective surgery. Therefore, the benefits of elective abdom-
inal or extremity vascular reconstruction in excessively obese
patients must be weighed carefully against the increased risks of
perioperative complications.

Occasionally, providers point out that weight reduction in pre-
operative patients is difficult to achieve and may be unsafe, and
that insistence on weight loss may discourage patients from
returning for treatment. This line of reasoning also points out the
added cost of dietary consultation and the potential danger of
excess weight loss before surgery as obstacles to preoperative
weight reduction. In the authors’ experience, safe weight reduc-
tion can be accomplished in approximately eight of ten moder-
ately obese patients who require an elective procedure. Ideally,
the patient’s weight should be brought to within 10% of ideal
body weight. Furthermore, this effort may serve as a life-altering
event in which weight reduction becomes not only necessary for
the perioperative time period but is continued throughout the
patient’s life. If successful, weight reduction improves not only a
patient’s peripheral vascular health but also their overall well-
being. The following guidelines for periprocedural weight reduc-
tion are effective.

A. The importance of preoperative weight reduction as
a means to facilitate operative access and exposure and to
decrease complications must be explained to the patient. We
emphasize that elective surgery can be safely postponed until
weight loss is achieved.
B. A definite time period for the diet is proposed and a ten-
tative surgery date is selected. Most moderately obese patients
will need to lose 10-30 lbs. To ensure safe, gradual weight
reduction, we recommend a weight loss of 1-2 lbs per week.
Thus, elective surgery is postponed for 6 to 8 weeks for most
patients. Obviously, some patients will need 3 to 6 months of
dieting. We also have found it important to recheck patients
every 6 to 8 weeks to ensure that they are losing weight and
not having any problems with the diet.
C. The diet should be reduced-calorie (1,000 to 1,200 calo-
ries/day), but balanced. We use a relatively low-fat, low-
cholesterol, 1,000-calorie diet. Diets that do not have a balance
of carbohydrates, protein, and fat are not safe for older
patients with vascular disease and their use may result in
catabolism and deficiencies in vitamins, minerals, and trace
elements.
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D. Although consultation with a dietician may be helpful
in some cases, a simple explanation of the diet by the physician
and office nurse generally will suffice and saves the patient the
time and expense of a dietary consultation. In the authors’
experience, patients seem to respond best to the firm insis-
tence on and explanation of a diet by the primary surgeon.
E. A specified amount of weight to lose is marked on
the front page of the diet. Patients are instructed to take a
baseline reading of their weight on a home scale and then
attempt to lose the specified weight over the time period of the
weight loss program.
F. Alcoholic beverages are a commonly overlooked source
of calories. This fact should be emphasized to patients who
drink regularly, as they usually must reduce alcohol intake to
lose weight.
G. Most patients find it very difficult to lose weight and stop
smoking at the same time. Consequently, it is recommended
to allow some chronic smokers to continue some smoking
while they diet. An agreement can be made with the patient
that smoking will stop when the patient is hospitalized for
elective surgery. Some may question this relatively late dis-
continuance of smoking, however, in the authors’ experience
this approach usually results in successful weight reduction
and has not led to increased pulmonary morbidity.
IX. Exercise. Regular exercise is important for the patient’s
overall cardiovascular fitness, pulmonary function, and reduc-
tion of excess weight. As mentioned, regular exercise has positive
benefits on hypertension, hyperlipidemia, and insulin sensitiv-
ity. Regular lower-extremity exercise in the form of a struc-
tured or supervised walking program is critical in patients
with peripheral vascular disease. Walking increases skeletal
muscle’s metabolic adaptation to ischemia and may enhance col-
lateral blood flow, resulting in stabilization or improvement of
claudication. A variety of walking programs can be initiated in
patients with peripheral vascular disease; however, a simple pro-
gram that has helped the majority of the authors’ patients
emphasizes the following four concepts:
A. Dedicated walking time. Patients set aside a defined
period of walking above and beyond that which they perform
as part of their normal daily activities. Daily exercise may be
too much for older patients; consequently, an every-other-day
walking program is ideal, but should be tailored appropriately
(e.g., 30—45 minutes, 3 to 5 days per week).
B. Walking instructions. Patients are instructed to walk at
a comfortable pace and stop for a brief rest whenever leg pain
(e.g., claudication) becomes severe. If patients experience no
leg pain, they should continue walking for the 30—45 minutes
set aside for the program. In bad weather, patients may use a
treadmill or stationary exercise bicycle or walk inside a shop-
ping mall. The walk-rest routine should be continued until the
patient has performed at least 30 minutes walking (not
including the rest periods). It is helpful to inform patients that
as the leg adapts to anaerobic metabolism, the frequency and
length of rest stops will decrease.
C. Recording walking time, length, and weight loss.
Patients should be encouraged to record their walking pro-
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gram, including time and distance, on a calendar or in a jour-
nal. Patients who are obese should combine this record of exer-
cise with daily or weekly weight measurements, as success
with walking often goes hand-in-hand with weight loss.
Recording their effort holds the patient accountable and offers
a means to see successes over time. After 6-8 weeks, most
patients can double or triple their comfortable walking dis-
tance and may also notice weight loss.

D. Supervision and follow-up. A follow-up visit with a
provider or a phone call from one of the patient’s vascular
team during this period is critical to provide encouragement
and supervision of this important endeavor.
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CHAPTER 8

Perioperative Risk
Stratification and
Clinical Guidelines

Most patients with manifestations of peripheral vascular dis-
ease requiring intervention have existing cardiac, pulmonary,
and/or kidney diseases that increase their risk of periprocedural
morbidity and mortality. Preoperative preparation must include
an accurate assessment of the patient’s risk related to these vital
organ systems, taking into account the indication for the proce-
dure, the type of anesthetic required, and optimization of coex-
isting medical conditions. This chapter focuses on assessing and
reducing periprocedural cardiac risk according to evidence-
based guidelines. Additionally, this chapter discusses the signif-
icance of coexisting carotid occlusive and chronic kidney disease
and optimizing pulmonary function. Finally, new directions in
the perioperative management of diabetes mellitus are outlined.
I. Perioperative cardiac risk. A key factor in achieving excel-
lent results from elective vascular surgery, open or endovascular,
is accurate assessment of anesthetic risk. Although clinical sense
and experience contribute a great deal to an initial impression of
anesthetic risk, more objective data also assist with assessment of
operative risk. Historically, preoperative physical condition was
correlated with anesthetic morbidity and mortality using the
American Society of Anesthesiologists (ASA) classification. This
grading system refers only to a patient’s overall physical condition
and does not consider the type of anesthesia, extent of operation,
or experience of the surgeon. There are five levels of ASA classifi-
cation, with 1 indicating a healthy individual and 5 noting
extreme coexisting medical conditions. The letter “e” is added to
indicate an emergency procedure. In 1977, Goldman developed a
more involved scoring system to evaluate perioperative cardiac
risk from 1,000 patients having undergone general surgical pro-
cedures. When this system was applied prospectively to 99
patients undergoing elective aortic surgery, the rates of cardiac
complications were higher than those in the original study
of general surgical procedures. This finding was among the
first reporting the high incidence of significant coronary artery
disease (CAD) in patients undergoing vascular procedures.
A. Evidence-based algorithm. MI is the leading cause of
death following vascular procedures, occurring in 3—6% of elec-
tive cases. Additionally, some degree of myocardial ischemia is
present following 20-40% of vascular procedures, depending
upon how aggressively the diagnosis is pursued. Hertzer and
colleagues of the Cleveland Clinic defined the prevalence of
coronary artery disease in vascular patients, demonstrating
that severe but correctable CAD existed in nearly one-
third of patients presenting for surgical treatment of
peripheral vascular disease (abdominal aortic aneurysm,
32%; cerebrovascular disease, 26%; arteriosclerosis of the lower
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limbs, 28%). Severe, correctable CAD was present in about 50%
of patients with angina pectoris and 30% with a previous
myocardial infarction.

Following this seminal report came more than two decades
of study aimed at reducing cardiac morbidity and mortality
around the time of peripheral vascular intervention. Much of
this effort focused on identifying those with silent but cor-
rectable coronary disease prior to the planned procedure; the
assumption being that in such individuals, coronary angiogra-
phy followed by revascularization would reduce perioperative
risk and increase survival. While this approach emphasiz-
ing coronary revascularization was beneficial in subsets of
patients, such as in the Coronary Artery Surgery study
(CASS), it is not applicable to all those undergoing vascular
procedures. In fact, more recent publication of the Coronary
Artery Revascularization Prophylaxis (CARP) trial
showed that among patients with stable cardiac symptoms,
preoperative coronary revascularization does not improve
short- or long-term survival. Findings from the CARP study
and others like it have resulted in more balanced recommen-
dations that propose a more selective role of preoperative coro-
nary revascularization while emphasizing periprocedural
medical therapy (e.g., beta-blockers, statins, and ACE inhibi-
tors). The following paragraphs outline the contemporary
guidelines on perioperative cardiac risk assessment.

1. Eagle and associates identified key clinical mark-
ers of increased cardiac risk in patients undergoing
vascular operations (Eagle criteria): (a) angina pectoris,
(b) prior MI, (c) congestive heart failure, (d) diabetes melli-
tus, and (e) age greater than 70 years. The risk for a periop-
erative cardiac event increases with the number of criteria
present (Table 8.1). With three or more, the risk of a periop-
erative cardiac event is 30%, with 77% of these patients hav-
ing severe CAD on coronary angiography. Although the
Eagle criteria are largely of historical importance, they pro-
vide a very good and concise listing of key clinical factors to
be considered prior to elective vascular procedures.

2. In 1996 the American College of Cardiology and
American Heart Association published guidelines
for preoperative cardiac evaluation. These guidelines
were revised in 2002 and again in 2007 to provide a frame-
work for considering cardiac risk associated with noncar-
diac surgery. Three prominent themes from the updated
2007 guidelines include:

Preoperative coronary intervention is rarely neces-
sary unless otherwise indicated independent of
the planned procedure.

Preoperative evaluation is not performed to “give
clearance to operate,” but instead should provide
an assessment of the patient’s medical condition
and present a risk profile that can be used to make
treatment decisions.

No preoperative testing should be performed unless it
is likely to influence patient treatment (e.g., if it will
actually change the perioperative management).
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Table 8.1. Eagle criteria

Number of Criteria Present/

Clinical Criteria % Risk for Cardiac Event
Angina pectoris

Prior myocardial infarction 0 criteria/2% risk
Congestive heart failure 1 or 2/10% risk

Diabetes mellitus 3 or more/30% risk

Age >70 years

(From Eagle KA, Coley CM, Newell JB, et al. Combining clinical and thal-
lium data optimizes preoperative assessment of cardiac risk before major
vascular surgery. Ann Int Med. 1989;110:859-866, with permission.

Additionally, the 2007 guidelines were converted from tabular
format to listing of recommendations written in sentences to
express more complete thought. Also, a clearer explanation of
the clinical evidence supporting each guideline is provided using
levels of evidence and classification of recommendations
(Table 8.2). Specifically, levels of clinical evidence A, B, or C are
cross-referenced with classification of recommendations (I, Ila,
IIb, and III) to give the provider an estimate of the certainty and
size of each guideline. For example, level A evidence indicates
the strongest estimate of certainty coming from evaluation of
several patient groups with a consistency of direction and mag-
nitude of effect. Level A evidence is supported by more than one
randomized clinical trial or a meta-analysis, while level B evi-
dence stems from a single randomized trial or several nonran-
domized trials. It is important to note that guidelines supported
by level B or C evidence are not necessarily weak. Some clinical
questions are not well suited for clinical trials, or the optimal
time to perform such a trial may have passed. In some cases the
clinical consensus in favor of a test or therapy is so strong that
there is no need for investment to initiate a trial to prove the
point. In such instances classification of recommendations
is useful, as it provides a broader perspective than just the pub-
lished or hard evidence for or against a given test or therapy
(Table 8.2). Armed with this basic understanding of levels of
evidence and classification of recommendations, the provider
can proceed in taking the patient’s medical history and perform
a review of systems, focusing on three areas that relate directly
to the cardiac evaluation algorithm in the 2007 guidelines
(Fig. 8.1):

1. Identification of active cardiac conditions (Table 8.3)

2. Identification of clinical risk factors for cardiovascular
events (Table 8.3)

3. Evaluation of the patient’s functional capacity (Table 8.4)

Active cardiac conditions (formerly major predictors in the
2002 guidelines) represent conditions that if present should be
thoroughly evaluated and treated before noncardiac surgery,
even if it means a delay in or cancellation of a nonemergent case
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Table 8.2. Levels of clinical evidence and
classification of recommendations

Levels

Level A Evidence from multiple randomized trials
or meta-analyses

Level B Evidence from single randomized trial or
nonrandomized studies

Level C Evidence from retrospective or case stud-
ies or from expert opinion

Classification

Class I Treatment or procedure is useful or effec-

tive (i.e., benefit far outweighs the risk
and treatment should be performed)

Class Ila Recommendation in favor or treatment or
procedure being useful or effective (i.e.,
benefit outweighs the risk and it is rea-
sonable to perform treatment)

Class IIb Usefulness or effectiveness less well
established (i.e., benefit is equal to or
greater than the risk and the procedure
or treatment may be considered)

Class IIT Treatment or procedure is not useful and
may be harmful (i.e., risk outweighs the
benefits and treatment should not be per-
formed)

(Fig. 8.1). These conditions include unstable coronary syndromes,
decompensated heart failure, significant arrhythmias, and
severe valvular disease. This guideline represents a class I rec-
ommendation supported by level B evidence. The patient should
also be evaluated for the presence of one or more of the five clin-
ical risk factors (formerly intermediate predictors) recognized
in the 2007 guidelines. These include history of ischemic heart
disease, compensated heart failure, cerebrovascular disease, and
diabetes or renal insufficiency (Table 8.3). These factors are used
in the final step of the cardiac evaluation and care algorithm in
managing patients undergoing a high-risk surgery who have an
unknown or poor functional capacity (Fig. 8.1).

Estimation of functional capacity is also critical and can be
accomplished by simply interviewing the patient about his or
her living situation and daily activities. Functional capacity is
expressed in metabolic equivalents (METs) and has been
shown to correlate well with oxygen uptake by formal treadmill
testing (Table 8.4). In patients who have moderate or better
functionality (>4 METs) without symptoms, preoperative man-
agement is unlikely to be changed based on additional cardiac
testing. In contrast, cardiac risk is increased in persons who
are unable to meet a 4-MET demand, such as performing daily
activities, and such persons may benefit from preoperative
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Figure 8.1. American Heart Association 2007 guidelines for preop-
erative cardiac evaluation.

cardiac testing depending upon the magnitude of the planned
procedure (Fig. 8.1). Once the provider has established the pres-
ence or absence of active cardiac conditions and clinical risk fac-
tors and assessed the patient’s functional status, he or she can
move to the cardiac evaluation and care algorithm to deter-
mine the need for and appropriateness of preoperative cardiac
testing. This five-step approach provided as part of the 2007
guidelines, is as follows:

Step 1. Is the planned procedure an emergency? If so then the
patient should proceed to the operating room (class I recommen-
dation with level C evidence). In these cases the situation does
not allow for further cardiac assessment, and recommendations
will focus on perioperative optimization with medications and
monitoring and surveillance for cardiac events in the postopera-
tive period. If the procedure is not emergent then the provider
should proceed to the next step.
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Table 8.3. Clinical assessment of cardiac risk

Active cardiac conditions (should be evaluated and treated
before surgery)

Unstable coronary syndromes (myocardial infarction within
30 days, unstable or severe angina)

Decompensated congestive heart failure

Significant arrhythmias (high-grade atrioventricular block,
symptomatic ventricular arrhythmias supraventricular
arrhythmias with uncontrolled ventricular rate, newly recog-
nized ventricular tachycardia and symptomatic bradycardia)

Severe valvular disease

Clinical risk factors

History of ischemic heart disease
Compensated or prior congestive heart failure
History of cerebrovascular disease

Diabetes mellitus

Renal insufficiency

From the Revised Cardiac Risk Index

Step 2. Does the patient have active cardiac conditions? If so
then these should be evaluated and treated prior to the planned
procedure (class I recommendation with level B evidence). Con-
sideration of proceeding with the operation may be given after
these conditions have been evaluated and treated. If the patient
does not have any identifiable active cardiac conditions the
provider should proceed to the next step.

Step 3. Is the planned procedure a low-risk operation? If so then
the patient with no active cardiac conditions should proceed to
the planned surgery (class I recommendation with level B evi-
dence). A list of procedures considered low, intermediate, and
high is provided in Table 8.5. If planned procedure is more than
low-risk, the provider should proceed to the next step.

Table 8.4. Estimated energy requirements
for various activities

1 MET

Sitting at rest

Eat, dress, or use the toilet
Walk indoors around the house

4 METs

Light work around the house

Walk a block or two on level ground (at 4 mph pace)
Climb flight of stairs or walk on slight incline

Brisk walk on level ground

Heavy work around the house

Moderate recreational activities (golf, bowling, dancing)

Greater than 10 METs
Strenuous sports (swimming, tennis, jogging)

MET, metabolic equivalent.
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Table 8.5. Estimates of risk for various procedures

Low risk
Diagnostic angiography
Basic extremity endovascular procedures

Intermediate risk

Open carotid endarterectomy

Carotid artery stenting

Endovascular aneurysm repair

Open extremity bypass (femoral-popliteal bypass)
Open extra-anatomic bypass (axillo-bifemoral bypass)

High risk

Open aortic reconstruction for aneurysm disease

Open aortic reconstruction for occlusive disease (aorto-bifemoral
bypass)

Other major vascular surgery

Step 4. Does the patient have moderate or better functional
capacity (=4 METs)? If so then the patient with no active cardiac
conditions and good functional capacity can proceed with the
moderate- to high-risk surgery without additional cardiac testing
(class I recommendation with level B evidence). If the patient has
poor or unknown functional capacity (Table 8.4), the provider
should proceed to the final step in the algorithm (Fig. 8.1).

Step 5. How many of the five clinical risk factors are present? If
the patient has poor or unknown functional capacity or has car-
diac symptoms and is undergoing a moderate-to-high-risk proce-
dure, then the presence and number of clinical risk factors
(Table 8.3) determines the need for further evaluation. If
the patient has zero clinical risk factors, then it is appropriate to
proceed with the planned procedure with no further evaluation
(class I recommendation with level B evidence). If the patient has
one or two clinical risk factors, it is reasonable to proceed with
the procedure with heart-rate control or consider additional non-
invasive cardiac testing if it will change the management (class
ITa recommendation with level B evidence) (Fig. 8.1).

Two studies have failed to show a difference in outcome be-
tween patients who underwent additional cardiac testing versus
those who proceeded to the operating room with optimal medical
management in this situation. If the patient has =3 clinical risk
factors then the magnitude of the planned procedure (Table 8.5)
impacts the decision on whether or not to obtain noninvasive
cardiac testing. In patients with three or more clinical risk fac-
tors who are undergoing open aortic or other major vascular sur-
gical procedures, additional cardiac testing should be considered
if it will change the patient’s management (class Ila recommen-
dation with level B evidence). In patients with three or more
clinical risk factors who are to undergo intermediate procedures
such as carotid endarterectomy, there are insufficient data to
determine the best strategy (proceeding with the operation with
tight heart-rate control versus further cardiac testing if it will
change management).
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By definition, if a patient has undergone previous coronary
revascularization, he or she has a history of ischemic heart dis-
ease, which is the first of the five clinical risk factors. In such
instances if the revascularization was in the previous 5 years
and the patient is asymptomatic with good functional status,
then noninvasive cardiac testing is not recommended. If the
revascularization is more than 5 years old or if the patient is
undergoing a high-risk vascular operation then noninvasive car-
diac testing should be considered if it will change the patient’s
perioperative management.

B. Noninvasive cardiac testing refers to those methods

used to identify areas of myocardium at risk for ischemia and

infarction during times of stress. The goal of these tests in
relation to vascular patients who may be undergoing an inva-
sive procedure is to recognize those who are asymptomatic
and may be at high risk of adverse cardiac outcomes from oth-
erwise undetected coronary disease. Generally, if such tests
are positive, patients then undergo invasive coronary angiog-
raphy to define the anatomy of the coronary arteries, which
allows treatment either by percutaneous (percutaneous
translumenal coronary angioplasty) or open surgical

(coronary artery bypass grafting; CABG) means. Findings

on cardiac testing may also allow for more intensive perioper-

ative monitoring, safer anesthetic techniques, or even chang-
ing the operative plan from a high-risk open vascular

operation to a less invasive intermediate-risk alternative (e.g.,

endovascular versus open; or extra-anatomic bypass versus

open aortic reconstruction). For simplicity’s sake, noninvasive

cardiac stress testing can be thought of in three main cate-

gories: exercise stress testing, dobutamine stress echo-

cardiography, and radionuclide myocardial perfusion.
1. Resting and exercise electrocardiogram (ECG)
testing. The resting 12-lead ECG provides good informa-
tion relating to both perioperative events and long-term
morbidity and mortality in patients with known coronary
artery disease. An existing Q wave provides an estimate of
left ventricular function, perioperative cardiac complica-
tions, and long-term mortality. The presence of either left
ventricular hypertrophy or ST-segment depression on a pre-
operative 12-lead ECG has also been shown to predict
adverse perioperative events. The 2007 guidelines suggest
that preoperative resting 12-lead ECG is reasonable in
patients with no clinical risk factors who are undergoing
vascular surgical procedures (class Ila recommendation,
level B evidence). Generally, the ECG should be obtained
within 30 days of the planned procedure.

The use of a treadmill in combination with the 12-lead
ECG (exercise stress ECG) provides much more informa-
tion about a patient’s functional capacity and risk of peri-
operative coronary events. Exercise ECG was pioneered by
Robert A. Bruce while at the University of Washington in
the early 1960s. Bruce is widely held as the “father of exer-
cise cardiology” and the so-called Bruce protocol used
during this test bears his name. This protocol has been
extensively validated and consists of seven stages, each
lasting 3 minutes resulting in 21 minutes of exercise for the
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complete test. During stage 1, the patient walks at 1.7 mph
at a 10% incline; the speed and incline are increased for
subsequent stages. There is a modified Bruce protocol that
is commonly used in patients whose functional capacity
does not allow completion of the full 21 minutes. The goal
during the protocol is for the patient to reach 85% of
maximum predicted heart rate, which is roughly 220
(210 for women) minus the patient’s age. In clinical
practice patients rarely complete the entire 21-minute pro-
tocol, as most are unaccustomed to exercise. However com-
pletion of 9-12 minutes of the protocol is adequate,
providing the patient reaches the 85% predicted maximum
heart rate. The ability of the patient to reach this goal max-
imum heart rate is in itself a good prognostic sign. Hori-
zontal or down-sloping ST-segment depression (=2
mm) is the most reliable indicator of myocardial
ischemia during the test.

The sensitivity of exercise ECG for detecting myocardial
ischemia depends upon the extent of coronary occlusive dis-
ease. It has been shown that as many as 50% of patients
with single vessel coronary disease who have good func-
tional capacity will have a normal exercise ECG. In con-
trast, the sensitivity and specificity has been shown to be
as high as 86% and 53%, respectively, in patients with mul-
tivessel disease. Exercise ECG is not appropriate for all
patients and should not be performed in those with unsta-
ble angina, recent MI, or those with poorly controlled heart
failure.

2. Dobutamine stress echocardiography (DSE) com-
bines two-dimensional echocardiography with infusion of
the pharmacologic agent dobutamine and has become an
important tool to evaluate preoperative cardiac function in
patients who are not candidates for exercise ECG. Echocar-
diography itself is a standard noninvasive ultrasound
imaging modality of the heart that is able to assess not
only the structural components, such as the chambers
and valves, but also the function and contractility of the
myocardium (e.g., wall motion). Even the resting or non-
stress component of this exam is useful, as resting left ven-
tricular ejection fraction and/or diastolic function have
been shown to be important factors in estimating perioper-
ative risk. Infusion of the B, receptor agonist dobutamine
increases myocardial contractility and heart rate and
therefore myocardial stress and oxygen demand. During
this “stress” phase of the test, significant coronary artery
occlusive lesions can be identified by regional wall abnor-
malities in the distribution of the affected coronary vessels.
Simply put, the myocardium can be visualized as failing in
areas where blood flow is restricted during stress. The neg-
ative predictive value of DSE has been shown consistently
to be above 95%, meaning that patients with a normal
exam have extremely low rates of perioperative myocardial
events. Increasing experience with DSE has lead to its pref-
erence over radionuclide myocardial perfusion imaging in
some centers, with studies suggesting that it has twice the
sensitivity of other testing modalities. DSE is limited in
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certain patients in whom echocardiography does not pro-
vide good images of the heart. Additionally, dobutamine
should not be used as a stressor in patients with serious
arrhythmias, severe hypertension, or hypotension.

3. Radionuclide myocardial perfusion imaging is the
third main category of preoperative cardiac testing meth-
ods. This modality uses nuclear medicine technology to
assess the heart at rest and during stress induced by infu-
sion of a pharmacologic agent. During a follow-up image or
scan of the heart hours after the baseline and stress
images, this technique examines the heart muscle in the
“recovered” or post-stress phase. Radionuclide perfusion
imaging is accomplished by injection of a radionuclide or
tracer into the patient, which is preferentially taken up by
the myocardium. The tracer, usually technetium-99 ses-
tamibi or thallium-201, emits small amounts of gamma
rays detectable by a gamma camera or imager. Baseline
images of the heart are obtained after injection of the
tracer, which allows assessment of myocardial perfusion
and determination of ejection fraction. A pharmacologic
stressor, typically dipyridamole, adenosine, or dobutamine,
is then administered to increase cardiac contractility and
heart rate. Images are obtained during stress, and areas of
myocardium that are malperfused or that fail during stress
can be imaged and mapped. Four to six hours following the
stress images, a scan is repeated to assess the areas of
myocardium where the perfusion defects were visible. If
the areas have returned to normal, the ischemia is termed
reversible ischemia and attributed to a fixed coronary
occlusive lesion or stenosis. These areas of myocardium in
which reversible ischemia (RI) can be demonstrated are at
risk and are felt to be critical during the perioperative
period. If the areas remain without perfusion in the
delayed imaging phase, the ischemia is termed irrever-
sible ischemia and attributed to an area of myocardium
destroyed by a previous infarction. Areas of irreversible
ischemia are not at risk and are felt to be less important
during the acute perioperative period. Radionuclide perfu-
sion imaging with stress has a high sensitivity (90-95%)
for detecting patients at risk for perioperative cardiac
events. The risk using this modality appears to be directly
proportional to the amount of myocardium at risk, as
reflected by the extent of reversible ischemia or RI.

To summarize, all three categories of noninvasive cardiac
testing are useful in identifying vascular patients at risk
for perioperative cardiac events and each has strengths
and weaknesses. However, these tests should be used selec-
tively in appropriate patients and only in instances where
their findings will result in tangible changes in periopera-
tive management (Fig. 8.1). In general, patients should be
considered for coronary angiography only if they have
active cardiac conditions or poor functional status, three or
more clinical risk factors, and evidence of ischemia during
noninvasive cardiac testing. As far as which test to employ,
the experience and expertise of an institution’s cardiac lab-
oratory in this area plays an important role and may ulti-
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mately be as important as the particular type of test

ordered.

C. Preoperative coronary revascularization. Following
this selective approach only about 5% of patients with periph-
eral vascular disease will undergo preoperative coronary an-
giography and some type of coronary revascularization, either
open (e.g., CABG) or percutaneous (e.g., percutaneous coro-
nary intervention [PCI]). Although revascularization prior to
vascular procedures in patients with coronary disease seems
inherently reasonable, the pathophysiology of perioperative
cardiac morbidity limits its effectiveness. Specifically, a num-
ber of studies have shown that mild, nonobstructive coronary
lesions may be just as important in causing myocardial infarc-
tion as high-grade stenoses or occlusions seen on coronary
angiography. This fact stems from the dynamics of the athero-
sclerotic plaque, which is often independent of degree of steno-
sis. Even in sites of milder stenosis, an atherosclerotic plaque
may become “unstable” and rupture, causing platelet aggrega-
tion and coronary thrombosis. This phenomenon suggests that
preoperative revascularization may not reduce perioperative
ischemic complications in all patients. This fact combined with
the risks associated with coronary angiography and revascu-
larization has resulted in recent studies that support a very
selective application of coronary revascularization to certain
groups of patients.

An early publication from the Coronary Artery Surgery
study (CASS), which looked at outcomes in patients with both
peripheral vascular and coronary occlusive disease, demon-
strated short- and long-term benefits in those who received
CABG prior to vascular intervention. Although favorable from
the standpoint of preoperative revascularization, subgroup
analysis suggested that the benefits were mostly limited to
patients with three-vessel coronary artery disease and were
inversely related to ejection fraction. This study and others
like it, showing benefit of preoperative revascularization, have
mostly been retrospective analyses; not until publication of
the CARP trial has there been a randomized, prospective
study comparing preoperative revascularization (CABG or
PCI) versus no revascularization in vascular patients.

In CARP, roughly 500 patients were randomized to either
coronary revascularization (n = 258; 141 PCI and 99 CABG)
or no revascularization (n = 252). The study enrolled patients
undergoing open aortic surgery or open lower-extremity re-
vascularization for severe claudication or critical ischemia.
Importantly, the study did not randomize the highest risk
patients with left main coronary stenosis (>50%), severe aor-
tic valve stenosis, or depressed ejection fraction (<20%). Con-
clusions from CARP found that among patients with stable
cardiac symptoms, coronary artery revascularization prior to
major elective vascular procedures can be done safely (1.7%
mortality). However, preoperative revascularization does
delay (median time 54 days), and in some cases prevents, the
vascular operation (13% of coronary revascularization group
did not undergo intended vascular operation). Finally, coro-
nary artery revascularization in stable patients does not pro-
vide short-term benefit or improve long-term survival. The
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lack of benefit of preoperative revascularization today com-
pared to that found in previous studies is undoubtedly due in
part to an increase in the use of beta-blockers, antiplatelet
agents, ACE inhibitors, and statin medications. Emerging evi-
dence is fairly clear that optimization of such medical therapy
in the perioperative and long-term postoperative period
decreases cardiovascular morbidity and mortality. It should be
noted that despite the excellent findings of the CARP trial, the
overall risk of early cardiac morbidity (8.4% early MI) and late
mortality (23% mortality at 27 months) was still significant.
Although the clinical evidence relating to coronary
revascularization prior to vascular procedures may
seem conflicting or even confusing, adherence to the
2007 guidelines offers the clinician the best opportu-
nity to make solid, evidence-based decisions and pro-
vide optimal care.

D. Cardiac conduction abnormalities must also be recog-
nized and defined before any vascular procedure is performed.
As was previously noted, the 2007 guidelines suggest that pre-
operative resting 12-lead ECG is reasonable in patients with
no clinical risk factors who are undergoing vascular surgical
procedures (class Ila recommendation, level B evidence). Per-
formance of a resting 12-lead ECG within 30 days of the
procedure will identify many of these conduction abnormali-
ties. First-degree atrioventricular block, right- or left-bundle
branch block, and bifascicular or trifascicular blocks are usu-
ally chronic and seldom progress to complete heart block.
Thus, temporary pacing is usually not required for these con-
duction disturbances. In contrast, patients with second-
degree, Mobitz type II, or third-degree atrioventricular block
should be evaluated for perioperative pacing support, as these
disturbances are more serious and prone to progress to com-
plete heart block. Whether such pacing is temporary or per-
manent largely depends upon the discretion of the cardiology
and anesthesia consultants. Permanent pacemakers are usu-
ally required for complete heart block or intermittent com-
plete heart block.

Patients with implanted cardiac pacemakers present
unique challenges during vascular procedures, as electro-
cautery may adversely affect the pulse generator. To prevent
this possibility the rate of the pacemaker can be converted to
a fixed-rate prior to the operation. Complexities involving the
operation of pacemakers mandate that the vascular specialist
consult with a cardiologist familiar with electrophysiology in
order to establish a safe yet rational perioperative manage-
ment plan.

II. Coexisting carotid occlusive disease. This is present in
10% to 20% of patients with vascular disease of the aorta and/or
extremities. Most often this disease is asymptomatic and
detected by the presence of a cervical bruit. In these instances
evaluation with duplex ultrasound is appropriate and has
already been performed in many instances. Although the pres-
ence of co-existing carotid occlusive disease often raises concerns
regarding an increased risk of periprocedural stroke, there is
little evidence confirming this correlation, especially in asymp-
tomatic patients. Furthermore, there is no clinical evidence that



94 Section III. Cardiovascular Risk

pre-emptive repair of carotid stenoses decreases the periopera-
tive risk of stroke associated with vascular procedures. Even if
the patient is found to have a high-grade asymptomatic carotid
stenosis (>80%), the authors’ recommended practice is generally
to proceed with the planned aortic or extremity procedure. The
carotid disease is then managed on its own merit in the weeks
and months that follow.

Exceptions to this practice include symptomatic carotid

stenoses, which should be repaired prior to other planned vas-
cular procedures. Additionally, an asymptomatic high-grade
lesion in the setting of a contralateral carotid occlusion may
be considered for repair depending upon its appearance on
duplex ultrasound and the planned vascular procedure. Finally,
bilateral preocclusive lesions are often managed with the same
consideration of pre-emptive repair; however, there are limited
clinical data to guide the clinician in these cases. In some in-
stances, patients with large or symptomatic aneurysms or limb-
threatening ischemia of the leg must have these problems
addressed urgently and sometimes accept a small but finite risk
of perioperative stroke associated with the carotid disease.
ITI. Coexisting pulmonary disease. This disease is a leading
cause of postoperative morbidity and mortality, with many stud-
ies showing that pulmonary complications are at least as com-
mon as cardiac complications. Complicating this scenario is the
fact that most patients undergoing vascular operation have
some degree of chronic lung disease from smoking.

A. The initial history and physical examination will iden-
tify the patients at highest risk of pulmonary problems. They
often are dyspneic at rest or with minimal exertion or exhibit
chronic cough and sputum production. Other more advanced
findings include a hyperinflated chest with distant breath
sounds and use of accessory neck and abdominal muscles to
assist with breathing. Patients with a component of reactive
airway or bronchospasm may have wheezing. A simple bedside
assessment of the degree of airway obstructive disease can be
made by having the patient take a deep inspiration and then
expire as quickly as possible while the examiner listens with
a stethoscope. Normal complete expiratory time is less than 3
seconds; however, for patients with obstructive lung disease,
this time is often 4 to 8 seconds. This simple bedside test also
can be used to monitor clinical improvement during bron-
chodilator therapy.
B. A preprocedural chest x-ray (anterior-posterior and lat-
eral projections) can provide insight into the chronicity and
severity of obstructive lung disease and assess for evidence of
lung cancer such as pulmonary nodules or effusions. Chest x-
rays also provide a crude estimate of heart size and can be
used to follow interstitial lung disease or identify blebs. The
authors’ practice is to have a new chest x-ray within a month
of a procedure performed on active smokers and to insist that
one has been performed within the prior 6 months in all oth-
ers undergoing vascular operation.

C. Pulmonary function testing and measurement of arte-

rial blood gases need not be routine but are indicated for

patients in whom significant pulmonary disease is suspected.

One of the most reliable predictors of high pulmonary risk is
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the forced expiratory volume at 1 second (FEV,). Significant
postoperative pulmonary complications can be expected in
patients with an FEV, of less than 15 mL/kg or less than 1 L.
If the FEV is less than 70% of that predicted, the spirometry
should be repeated after administration of an inhaled bron-
chodilator. An increase of at least 15% in FEV, indicates that
preoperative bronchodilator therapy may enhance pulmonary
function. This improvement may be especially important for
the patient who has marginal lung function and requires elec-
tive surgery. Although measurement of arterial blood gases
should not be routine, baseline values may help in patients
with severe chronic obstructive pulmonary disease (COPD).
For example, an elevated P,co, (>45 mm Hg) is associated
with increased perioperative puimonary risk.
D. Optimizing or improving pulmonary function (Table
8.6) in patients with chronic lung disease before the planned
procedure can decrease the incidence of postoperative respira-
tory complications at least twofold. Preoperative preparation
may require that the patient stop smoking, that antibiotics for
bronchitis and bronchodilators be administered, and that the
patient be instructed in deep breathing.
1. Smoking cessation for eight weeks before any planned
vascular procedure is ideal so that cilia regeneration within
the lining of the lungs can occur and chronic cough (e.g.,
bronchorrhea) can resolve. Complete cessation is often dif-
ficult for many patients who are anxious before hospital-
ization, although most can be convinced to reduce cigarette
consumption to some degree, which is also useful. A rea-
sonable request is to reduce smoking to half a pack (ten cig-
arettes) per day, with a commitment to stop when admitted
to the hospital. Often the planned vascular procedure can
be used as a reason to initiate a formal smoking cessation

Table 8.6. Pulmonary risk reduction strategies

Preoperative
Smoking cessation for at least 8 weeks
Treat airflow obstruction in patients with COPD or asthma

(beta-agonist inhalers)

Antibiotic and delay elective surgery if respiratory infection is

present

Patient education regarding lung expansion

Intraoperative

Limit duration of surgery to <3 h

Use of epidural anesthesia

Substitute less invasive procedures when possible

Postoperative

Deep-breathing exercises or incentive spirometry

Continuous positive airway pressure if mechanically ventilated
Epidural anesthesia

COPD, chronic obstructive pulmonary disease.
Adapted from Smetana GW. Preoperative pulmonary evaluation. N Engl

J Med. 1999;340:937-944.
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program, which can be of significant help in the periopera-
tive period as well as in the long term for the patient.
2. Respiratory infections in patients with COPD are
most often caused by Streptococcus or Haemophilus species
and some type of penicillin antibiotic (e.g., ampicillin or
amoxicillin) is effective treatment. Importantly, any respi-
ratory infection must be adequately treated before elective
surgery, even if this means delaying the procedure.
3. Bronchodilators remain the cornerstone of therapy
for patients with COPD and now are often combined with
an inhaled form of steroid. However, we often find that vas-
cular patients with known pulmonary disease are not
receiving optimum doses of inhaled bronchodilators or may
not be receiving the inhaled steroid component when they
are being evaluated for a procedure. If the patient’s reac-
tive airway component is known to be significant, the
inhaler regimen should be optimized preoperatively, in
some instances by use of a nebulizer for a few days. Also, for
patients with significant reactive airway disease, a short
but high dose of oral steroids may be necessary in the peri-
operative period to improve (at least temporarily) the
patient’s pulmonary mechanics.
4. Deep breathing maneuvers with the incentive
spirometer have been shown to decrease the incidence of
pulmonary complications after open vascular procedures.
Furthermore, the effectiveness of this adjunct has been
shown to improve if the patient receives preoperative in-
struction, as opposed to waiting until the postoperative
period to teach the method. The practice of sending the
spirometer home with the patient days before the proce-
dure is even advocated by some. In these instances the
patient can become familiar with the breathing technique
and can initiate pulmonary exercises prior to the planned
procedure. Avoiding perioperative pulmonary complica-
tions is multifactorial and includes nursing instruction,
patient motivation, and early postoperative ambulation
and adequate pain control.
IV. Coexisting kidney disease. Kidney disease is commonly
present in vascular patients and has been shown to be associ-
ated with a higher risk of periprocedural cardiac events. The
relevance of renal dysfunction in the perioperative period
is underscored by its inclusion as one of the five clinical risk
factors in the 2007 guidelines (Table 8.3). Pre-existing renal dis-
ease (serum creatinine =2.0 mg/mL) has also been shown to be a
risk factor for postoperative renal dysfunction and increased
overall morbidity and mortality. Estimated creatinine clear-
ance, which is a more accurate assessment of renal func-
tion, provides an approximation of glomerular filtration and has
also been used to predict periprocedural morbidity and mortal-
ity. This method takes into account patient age and weight as
well as serum creatinine levels in the following formula: Esti-
mated creatinine clearance = (140 - age [yr] X weight
[kg]) / (72 X serum creatinine [mg/dL]) (multiply by 0.85 for
women). The normal range of estimated creatinine clearance is
55-145 mL/min/1.73 m? in men and 50-135 mL/min/1.73 m? in

women.



Chapter 8. Clinical Guidelines 97

A measure of renal function (either serum creatinine or crea-

tinine clearance) should be checked routinely in vascular
patients prior to any open or endovascular intervention. The
authors’ routine includes an assessment of renal function within
30 days of any vascular procedure. Depending upon the degree of
renal dysfunction, protective measures may be taken or alter-
ations made in the operative plan to account for this condition.
One of the simplest adjuncts in patients with chronic renal dis-
ease is preprocedural hydration with crystalloid to establish a
urine output of 0.5 to 1 cc/kg. Generally, this requires gentle
hydration with 1-2 L of crystalloid in the hours before the
planned procedure. Other specific renal protective strategies
employed prior to and during endovascular procedures to mini-
mize the harmful effects of contrast agents are discussed in
Chapter 10.
V. Diabetes mellitus. This is the most common metabolic con-
dition to occur in vascular patients and its presence should
increase suspicion for coronary artery disease. Additionally, peri-
operative cardiac events have been shown to occur more fre-
quently in those with diabetes and it too has been included as
one of the five clinical risk factors in the 2007 guidelines (Table
8.3). Diabetes can be particularly difficult to manage in the peri-
operative period, when oral intake is varied and physiologic
stress is high, resulting in a state of insulin resistance from
increased levels of glucagon, epinephrine, and cortisol. Nonethe-
less, hyperglycemia has been shown to be an independent
risk factor for cardiovascular events and the severity of
hyperglycemia has been shown to be directly propor-
tional to mortality during myocardial infarction. In the
perioperative period, blood glucose levels are typically managed
with frequent blood sugar measurements and use of adjusted
doses or infusions of short-acting insulin. Although blood sugar
ranges of 150-250 mg/dL used to be acceptable, more recent evi-
dence strongly supports a more aggressive approach in the peri-
operative period, using continuous intravenous insulin infusion
to maintain blood glucose levels between 100 and 150 mg/dL.
Specifically, the American College of Endocrinology has
provided a position statement recommending that pre-
procedural glucose concentrations should be less than
110 mg/dL, with maximal glucose not to exceed 180 mg/dLL
in hospitalized patients, and that concentrations should
be less than 110 mg/dL in patients in the intensive care
unit. While these strict ranges may not be achievable in all
patients, this position statement emphasizes the importance of
emerging clinical evidence in this area.

The preoperative management of the diabetic patient
depends on the timing of the vascular procedure and whether the
patient’s usual therapy consists of insulin, an oral hypoglycemic,
or both. The complicating factor is the fact that patients are kept
without food or drink (e.g., nothing per mouth) prior to their pro-
cedure predisposing them to hypoglycemia. Patients who are
insulin-dependent and scheduled for their procedure early in the
day (before 9 A.M.) should not take their insulin dose in the morn-
ing. They may be asked to bring their insulin with them if they
are a morning admission. The blood sugar level is checked upon
arrival and if greater than 100 mg/dL, the patient should receive
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one-half the usual intermediate-acting insulin dose. If the blood
sugar is less than 100 mg/dL, the patient should receive a
dextrose-containing solution once an intravenous line is estab-
lished. Insulin-dependent patients who are scheduled for a pro-
cedure later in the day should be asked to take one-half the usual
dose of intermediate-acting insulin instead of the full dose in the
morning with whatever is allowed to be taken by mouth. Patients
taking oral hypoglycemic agents should be advised not to take
the oral agents on the morning of the vascular procedure.

The so-called brittle diabetic can have wide variations in blood
sugar levels despite frequent glucose monitoring; in these
patients levels are optimally controlled with a continuous intra-
venous insulin drip. An infusion of 1 to 4 units of regular insulin
per hour generally results in good control. In the acute postop-
erative period, various sliding scales of intravenous infusion
rates (units/hour) exist that allow the infusion of insulin to
change according to blood glucose levels. However, rare,
severe, and sustained hypoglycemia can cause significant
neurologic damage and is a particular risk related to the
use of continuous insulin infusions. To avoid inadvertent
rapid insulin infusion we recommend mixing only 10 units of
regular insulin in 250 mL of D5W or D5NS and infusing at a rate
of 25 to 100 mL/h (1 to 4 units) using an infusion pump. One
should also infuse a dextrose containing solution when using an
insulin drip and have an ampule of high concentration dextrose
nearby for use should the patient become hypoglycemic.

SELECTED READING

Beattie WS, Abdelnaem E, Wijeysundera DN, Buckley DN. A meta-
analysis comparison of preoperative stress echocardiography and
nuclear scintigraphy imaging. Anesth Analg. 2006;102:8-16.

Clinical factors associated with long-term mortality following vascu-
lar surgery: outcomes from the coronary artery revascularization
prophylaxis (CARP) trail. J Vasc Surg. 2007;46:694-700.

Eagle KA, Rihal CS, Mickel MC, Holmes DR, Foster ED, Gersh BdJ.
Cardiac risk of non-cardiac surgery: influence of coronary disease
and type of surgery in 3368 operations. CASS investigators and
University of Michigan Heart Care Program. Coronary artery sur-
gery study. Circulation. 1997,96:1882-1887.

Fleisher LA, Beckman JA, Brown KA, et al. ACC/AHA 2007 guide-
lines on perioperative cardiovascular evaluation and care for non-
cardiac surgery. J Am Coll Cardiol. 2007;50:e159-241.

Garber AJ, Moghissi ES, Bransome EDJ, et al. American College of
Endocrinology position statement on inpatient diabetes and meta-
bolic control. Endocr Pract. 2004;10:77-82.

McFalls E, Ward H, Moritz T, et al. Coronary artery revascularization
before elective major vascular surgery. N Engl J Med. 2004;351:
2795-2804.

O’Neil-Callahan K, Katsimalis G, Tepper M, et al. Statins decrease
perioperative cardiac complications in patients undergoing non-
cardiac vascular surgery. The statins for risk reduction in surgery
(StaRRS) study. J Am Coll Cardiol. 2005;45:336-342.

Poldermans D, Bax J, Schouten O, et al. Should major vascular
surgery be delayed because of preoperative cardiac testing in
intermediate-risk patients receiving beta-blocker therapy with
tight heart rate control? J Am Coll Cardiol. 2006;48:964-969.



Chapter 8. Clinical Guidelines 99

Rihal CS, Eagle KA, Mickel MC, Foster ED, Sopko G, Gersh Bd.
Surgical therapy for coronary artery disease among patients
with combined coronary artery and peripheral vascular disease.
Coronary Artery Surgery study (CASS) registry. Circ. 1995;91:
46-53.



CHAPTER 9

Perioperative Planning and
Care of the Vascular Patient

Optimal care of the vascular patient in the operating room or
endovascular suite requires a keen understanding and aware-
ness of details related to monitoring, patient preparation
and positioning, and anesthesia. The improved awareness of
the vascular provider in each of these areas ensures the best
chance for a safe, technically successful procedure with the low-
est possible risk of morbidity and mortality. Each vascular pro-
cedure, whether it is an open aneurysm repair in the operating
room or a percutaneous lower-extremity arteriogram and stent
in the imaging suite, requires a well thought-out and communi-
cated plan in regard to these topics. Optimal patient preparation
and positioning may be accomplished through a “final time out”
or operating room or endovascular suite briefing and are
imperative to ensure that the correct procedure is performed on
the correct patient at the correct surgical sight. The monitoring
and anesthesia plans are especially relevant in transition to care
of the patient in the post-procedure setting, which can be the
recovery room, post-anesthesia care unit (PACU), inpatient
ward, or intensive care unit (ICU). This chapter emphasizes the
principles of basic cardiac and respiratory monitoring, patient
preparation and positioning, and anesthesia. An understanding
of these should be of particular value to surgical house staff,
nurses, and other vascular providers who are often the first into
the operating room or endovascular suite and the first to recog-
nize and treat problems during the postoperative period.

OPERATIVE PLAN AND ANESTHESIA

Improved anesthetic management has been a key factor in the
reduction of perioperative morbidity and mortality in vascular
and endovascular surgery. The preoperative assessment of the
patient and his or her comorbidities form the basis for selecting
the most appropriate anesthetic. The anesthesia team must be
aware of the planned procedure and the procedural conduct—
much more than simply reading the name from the operating
room list of the day. The type and depth of anesthetic varies
widely among the range of vascular and endovascular
procedures to be performed. Therefore, for the smooth conduct of
any vascular or endovascular operation, regardless of level of
complexity, communication between the vascular and anesthesia
providers must begin before the start of the case and continue
throughout.

Clinical examples that emphasize the need for communication
include the requirement for patients undergoing certain
endovascular procedures to remain fully awake and di-
rectable during the procedure. In these instances patients may
need to remain still, hold their breath, or have neurologic evalu-
ation during the procedure (e.g., during carotid arteriography or
stenting). Any conscious sedation at all in such cases may be too
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much and result in an overly sedated, noncooperative patient
and a suboptimal procedure. The effectiveness of regional
anesthesia for certain extremity procedures also needs to
be discussed well before the procedure to avoid placement of a
peripheral nerve block or regional anesthetic that does not fully
anesthetize the planned area of operation (e.g., nerve block that
anesthetizes the forearm and hand when the planned operation
is the upper arm and axilla). And finally, the anesthesia team
must be aware of specific aspects of the procedure, open
or endovascular, that are most stressful to cardiac, cere-
bral, respiratory, and renal function in order to manage the
patient effectively. This chapter provides an overview of physio-
logic monitoring that applies to the operating room or endovas-
cular suite and focuses on perioperative care for carotid, aortic,
and lower-extremity procedures.
I. Perioperative physiologic monitoring provides clinical
data critical to assessment and maintenance of cardiac, respira-
tory, neurologic, and renal function during and after any open or
endovascular procedure. The magnitude of the procedure and the
patient’s medical condition determine the extent of monitoring,
and it should be recognized that in some instances the infor-
mation gathered may be misleading or imprecise and may not
influence the overall outcome of the patient. It is important to
understand the limitations of monitoring and use only techniques
and devices that will provide useful or actionable information.
A. Basic intravenous access and monitoring. All patients
should have at least one sizable (14- or 16-gauge) intravenous
line and electrocardiographic (ECG), temperature, and blood
pressure monitoring. A urinary catheter and collection system
to measure urine output is needed for operations that last
longer than a few hours or endovascular interventions that
may require the patient to remain supine for several hours fol-
lowing the procedure.
B. Pulse oximeters, which attach to a finger or toe, are used
to continuously measure arterial oxygen saturation of hemo-
globin. Pulse oximetry functions by positioning a pulsating
arterial vascular bed between a two-wavelength light source
and a detector. A familiar plethysmograph waveform results.
Because the detected pulsatile waveform is produced from
arterial blood, the amplitude of each wavelength is related
to reduced versus oxidized or oxyhemoglobin and allows con-
tinuous beat-to-beat calculation of oxygen saturation. The
instrument’s ability to accurately calculate saturation can be
impaired by hypothermia, hypotension, and vasopressor med-
ications. The placement of an additional pulse oximeter probe
on another site in these instances is recommended (at the
alternate extremity or a more central location such as ear or
nose).
C. Arterial and central venous access. More significant
open vascular cases or cases in which the patient’s blood pres-
sure can be expected to be labile may require an indwelling
radial artery line and, occasionally, a central venous catheter.
The arterial line allows easier blood sampling for measure-
ments of arterial blood gas, hematocrit, electrolytes, and glu-
cose, as well as continuous blood pressure tracings. The central
venous line allows measurements of central venous pressure
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(CVP) and infusion of resuscitative fluids and medications at a
more brisk rate, depending upon the size of the catheter or
sheath.

D. Pulmonary capillary wedge pressure measured with a
Swan-Ganz pulmonary artery (PA) catheter is a reliable
guide to left-sided (left atrium and left ventricle) filling pres-
sures and even left ventricular function. The PA catheter also
allows the measurement of cardiac output and mixed venous
oxygen saturations (Svo,) as an indicator of oxygen delivery
and end-organ extraction. Although some anesthesia providers
prefer a PA catheter in all major open vascular cases, its rou-
tine use is controversial, as some studies have shown that is
does not improve overall patient outcome. Therefore, use of
PA catheters on a selective basis in patients with
ventricular dysfunction, unstable angina, or recent
myocardial infarction who require open vascular sur-
gery on an urgent or compelling basis is recommended.
If there is question about the need for a PA catheter, the sur-
geon and anesthesia provider should discuss the indications in
the context of the overall operative plan. If it remains unclear
whether or not a PA catheter will be needed, an introducer can
be placed in a central vein at the start of the operation allow-
ing for the catheter to be placed later if necessary. Figure 9.1
illustrates the pressure tracings as the Swan-Ganz catheter is
floated through the right heart to a wedge position in a pul-
monary artery. Although there are complications related to the
use of a PA catheters, most of the risks are incurred in the
process of obtaining central venous access.

Oximetric PA catheters allow continuous monitoring
of Svo,, which is an early indicator of change in the patient’s
physiologic well-being. Svo, may be used to assess the effec-
tiveness of a specific intervention, with a decrease in satura-
tion indicating worsening oxygen delivery (e.g., myocardial
infarction) or increased end-organ extraction (e.g., sepsis). An
Svo, of less than 60% indicates physiologic compromise and

I
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Figure 9.1. Swan-Ganz pulmonary catheter tracings as the

catheter is advanced from the right atrium (RA) through the right
ventricle (RV) and pulmonary artery (PA) to a wedged position in
a pulmonary artery (PCW). The pressures shown are within normal
limits. Abnormal values are discussed in the text.
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should prompt a reevaluation of the patient, to find the source
or explanation. The Svo, can then be followed as an early
measure of treatment success such as the response to admin-
istration of an inotropic agent. Oximetric pulmonary artery
catheters are more expensive than the standard PA catheters
and should only be placed in cases where such physiologic
detail will be used. Despite the physiologic information
that this technology provides, the value of the Swan-
Ganz catheter is debatable, as some prospective studies
have shown its routine use does not improve mortality.
E. Transesophageal echocardiography (TEE) is another
option for monitoring cardiac function in the operating room,
but it is less commonly used outside of the operating room in
the postoperative setting. TEE is a sensitive method to detect
myocardial ischemia manifest by the development of myocar-
dial wall motion abnormalities and can accurately assess
left ventricular filling and function (e.g., ejection fraction).

F. Core temperature monitoring is critical for all open aor-

tic or extremity vascular cases that last for more than two to

three hours. Hypothermia (<35°C) is associated with risk for
cardiac events, including ventricular tachycardia related to
elevated levels of circulating catecholamines. In addition, hypo-
thermia contributes to coagulopathy by adversely effecting the
enzymes that participate in the clotting cascade. Esophageal,
intravenous, or bladder thermistor monitoring are all gener-
ally accurate. Warming the operating room to 75°F before the
patient enters and using warm air plastic drapes (Bair Hugger,

Augustine Medical, Inc., Eden Prairie, MN, U.S.A.) are helpful

in maintaining the core temperature of the patient.

II. Patient positioning and operating room briefing. Posi-
tioning the patient on the operating or endovascular table is crit-
ical and should occur as part of the final time out or operating
room briefing program. This preparatory step assures that the
members of the team know each other as well as the patient and
the planned procedure, including its stepwise conduct. The surgi-
cal site and procedure are reviewed and critical steps and neces-
sary equipment are anticipated among the four key players in the
room: surgeon or endovascular specialist, surgical assis-
tant, circulating nurse, and anesthesia provider. Optimally,
this briefing is led by the surgeon or endovascular specialist and
occurs with all present at the same time. The operating room
briefing program has been shown to serve in conjunction with the
more basic and familiar “time out” to reduce wrong patient and
wrong site procedures and to improve overall patient safety and
procedural efficiency in the operating room and endovascular
suite.

Once the final time out or operating room briefing has oc-
curred, final patient positioning and setup can take place. Spe-
cial attention should be paid to whether or not to tuck the
patient’s arms next to his or her side on the table and where
any fluoroscopic imaging will take place during the procedure.
Again, anticipation and planning before the final sterile prepa-
ration and draping is critical for a safe, effective, and efficient
procedure.

In addition to positioning for proper retraction and/or fluoro-
scopic imaging, patient positioning has been shown to be critical
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in avoiding pressure-related injuries to the skin and peripheral
nerves in certain susceptible areas. The most common pressure-
related problems in the authors’ experience have been lateral
heel and malleolus ulcers. These ulcers are multifactorial and
often occur in patients with lower-extremity ischemia who un-
dergo longer duration procedures. Pressure-related heel ulcers
can be prevented by elevating the legs on soft towels so that the
heels do not rest directly on the operating table or by placing soft
egg-crate padding under the heels themselves. Another potential
problem occurs when the upper extremities are tucked along the
sides of the patient and pressure from the edge of the operating
table compresses the ulnar nerve, causing a neuropraxia. This
bothersome problem can be prevented by gently wrapping the
elbow region with a soft egg-crate pad to keep pressure off of the
ulnar nerve.

Positioning of the head, eyes, ears, and neck should also be per-
formed with care. Patients with carotid disease or musculoskele-
tal conditions such as arthritis may be particularly susceptible to
injury secondary to poor positioning. Gentle positioning of the
neck in the neutral position is best when possible and the eyelids
should be gently taped closed to avoid corneal abrasions. Limita-
tions of range of motion involving the neck or extremities should
be noted before patient positioning, and movement after induc-
tion of anesthesia should not involve motion beyond these limits.
The risk of injury to the skin can be minimized by accounting for
the ECG leads, catheter connectors, or three-way stopcocks and
jewelry that may be in contact with the skin of the patient. In ad-
dition, the patient’s skin should not be directly exposed to metal.
ITI. Anesthetic plan for aortic surgery. The determinants of
safe anesthesia for aortic surgery (endovascular or open) include
careful control of the patient’s blood pressure, intravascular vol-
ume, and myocardial performance within context of the patient’s
baseline cardiac risk. As these patients commonly have coronary
artery disease, tachycardia, anemia, or extremes of blood pres-
sure can result in myocardial ischemia and perioperative myocar-
dial infarction. Therefore, the anesthesia team must be aware of
the stages of the operation and their hemodynamic consequences.
The surgeon must be aware of specific organ system performance
during the operation (e.g., tachycardia or oliguria), as this pro-
vides insight into the management of these systems in the post-
operative period. Some of the most useful information regarding
the patient’s physiologic responses can be obtained during the
operation. Furthermore, the surgeon must understand how the
anesthesia team manages the patient during critical parts of
the operation and be willing to contribute information that he or
she deems important.

Anesthesia for aortic surgery may consist of a regional tech-
nique (e.g., epidural or spinal), a mixed regional and gen-
eral technique, or a general anesthetic technique. The
selection of anesthetic is of course influenced by type of aortic
surgery—open or endovascular. All open aortic cases require a
general anesthetic, which can be performed as the sole method or
augmented by addition an epidural. Endovascular aneurysm
repair (EVAR) can be performed under an epidural anesthetic
alone, although some surgeons prefer general anesthesia in these
cases to allow for more direct control of the patients respiratory
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status. Local anesthesia and conscious sedation is used for per-
cutaneous aortic interventions and has even been described as
feasible for certain EVARs in patients in whom the risk of gen-
eral and regional anesthetic was prohibitive.

The mixed technique is most common with open aortic cases
and consists of continuous epidural anesthesia with a mixture of
local anesthetics (e.g., bupivacaine) and narcotics (e.g., fentanyl)
supplemented with general anesthesia and intubation. Epidural
catheters are safe in vascular patients and can be used even in
patients who will be heparinized as part of the procedure but
only after the epidural catheter has been placed. In these cases,
the heparin is held for several hours before and after the time of
catheter removal to reduce the incidence of epidural or subdural
hematomas. These complications are rare, especially in instances
where an atraumatic puncture and placement of the catheter
were made at the initiation of the anesthetic.

It is important to remember that epidural anesthesia with
local anesthetics may cause peripheral vasodilation and reduced
blood pressure, requiring volume or even vasopressors in rare
instances. The use of a mix of narcotics and local anesthetics or
just narcotics for the epidural in such cases usually alleviates
this sometimes challenging response. The authors have also
found that a continuous epidural narcotic infusion is a safe and
effective method of controlling postoperative pain for 48 to 72
hours after open abdominal or lower-extremity operations. Gen-
eral endotracheal anesthesia may offer the greatest control of the
hemodynamics and respiratory system for patients with signifi-
cant pulmonary and cardiac disease. Although balanced general
anesthesia with nitrous oxide, narcotics, relaxants, and barbitu-
rates provides excellent operative conditions, a small amount of
an inhalation agent or an intravenous vasodilator frequently is
required to manage hypertension.

A. Unexplained hypotension during aortic surgery (open

or endovascular) must be met with a calm but rapid assess-

ment of the patient for possible causes.
1. Palpation of the aorta or transduction of femoral
sheath pressures should be performed to confirm what
the anesthesia monitors indicate. If there is a strong aortic
pulse or normal pressures transduced through the femoral
access sheaths, attention should be focused on the moni-
toring systems (e.g., compression or occlusion of the arte-
rial line).
2. Bleeding from endovascular access vessel can occur
during placement of device sheaths through the iliac vessels
and even the aortic bifurcation. The diagnosis of iliac or aor-
tic perforation can be accomplished by performing flush aor-
tography or retrograde angiography through the femoral
sheaths. If there is a high suspicion that perforation of an
access vessel is responsible for hypotension, a large compli-
ant balloon and covered stent should be quickly readied on
the back table as the diagnostic maneuvers are performed.
3. Myocardial infarction or arrhythmia should be
indicated by findings on ECG or TEE.
4. Tension pneumothorax resulting from preoperative
central venous line placement will be accompanied by dis-
tended neck veins and high airway pressures.
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5. Cardiac tamponade from right atrial injury during
preoperative line placement will also be accompanied by
distended neck veins but more normal airway pressures
initially.
6. Malignant hyperthermia is a rare but serious com-
plication accompanied by increases in end-tidal CO, and in
the patient’s core temperature.
7. Manipulation or withdrawal of the intestines from
the abdomen during open aortic surgery may also cause
hypotension, which usually can be corrected with a fluid
bolus or a one-time dose of ephedrine or a phenylephrine.
8. Blood pressure may also decrease when the infe-
rior vena cava is compressed or retracted secondary
to decreased venous return to the heart (preload); the sur-
geon should inform the anesthesia team prior to perform-
ing this maneuver.
B. One of the most stressful steps for the myocardium
during open aortic operations is placement of the aortic cross-
clamp, which acutely increases after load. Blood pressure and
pulmonary capillary wedge pressures also increase and ST-
segment changes or ventricular irritability may be seen on the
ECG monitor. The healthy heart can tolerate these changes
fairly well; however, the impaired heart is at a higher risk. In
the case of a severely impaired heart, the blood pressure and
cardiac output may actually decrease with placement of the
aortic cross clamp. In such cases and in an apparent paradoxi-
cal step, titration of peripheral vasodilators is necessary to re-
duce after load acutely. Inotropic support should also be added
if necessary to stabilize the hemodynamics in these instances.
For these reasons, it is imperative that the surgeon and anes-
thesia team communicate regarding timing and position of the
aortic cross-clamp and its release.

With placement of the aortic cross-clamp, renal cortical blood
flow and urine output may decrease even if the clamp is below
the renal arteries. This effect can usually be prevented by
establishing a diuresis before the cross-clamp with hydration
and mannitol (12.5 to 25.0 g intravenously). The preoperative
central venous or pulmonary wedge pressure and left ventric-
ular function must confirm that the patient is adequately
hydrated prior to initiating a diuresis. If mannitol is not effec-
tive, 10 to 20 mg of furosemide (Lasix, Hoechst Marion Rous-
sel, Kansas City, MO, U.S.A.) may also be given, although this
decision should be well communicated between the surgical
and anesthesia teams. During any diuresis, potassium must be
carefully monitored and supplemented to prevent serious
arrhythmias that result from hypokalemia.

C. Blood loss

1. Significant blood loss may occur during open aortic
operations when the aneurysm sac is opened, as back-
bleeding from lumbar arteries and the inferior mesenteric
artery can be brisk. Here again, the anesthesia team should
made aware of this operative maneuver so they may antic-
ipate the need for increased volume resuscitation while
these vessels are oversewn.

2. Blood loss can be substantial enough during open
aortic cases to require transfusion. The alternative to
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banked blood transfusion is autotransfusion, which can
be accomplished by use of the cell saver device set up at the
beginning of the case. Dilutional coagulopathy may occur
after 4-6 units of blood are transfused and platelets and
clotting factors must be given to the patient in this sce-
nario. The use of the thromboelastogram (TEG) can also
provide a qualitative analysis of the ability of the blood to
clot, which can be used to guide specific factor replacement.
Empiric transfusion of blood products in anticipation of aor-
tic clamp removal can be performed but should be carefully
considered. Fresh plasma and platelets may be especially
important when the graft is opened, as any coagulopathy
may result in problematic anastomotic or retroperitoneal
bleeding. The threshold hemoglobin level to begin transfu-
sion should be determined on a patient-by-patient basis
depending upon the severity of underlying disease and type
of operation performed. The surgeon and anesthesia
team should communicate openly about the transfu-
sion of blood and blood products.
D. Fluid replacement. Throughout the aortic procedure,
adequate amounts of fluid, usually crystalloids such as normal
saline or Ringer’s lactate, must be given continuously. Fluid
replacement should be guided by indices of ventricular filling,
maintenance of a good cardiac index, and adequate urine out-
put (at least 0.5 cc/kg/h). It is not uncommon for crystalloid to
be administered at rates up to 750 to 1,000 mL/h during open
aortic procedures due to evaporative fluid loss from exposed
bowel and associated blood loss. Because patients are prone to
becoming hypothermic during long open operations, crystal-
loids and blood products should be warmed as they are
infused. In addition, we attempt to prevent hypothermia dur-
ing such cases by using an upper-body heating tent (Bair Hug-
ger) and by warming the operating room.
E. One of the most critical times of an open aortic oper-
ation is release of the aortic clamp. This maneuver de-
creases after load and profound hypotension can occur. The
surgeon should prepare the anesthesia team several minutes
before unclamping and the clamp should be released slowly
while the surgeon views the arterial blood pressure tracing. If
significant hypotension occurs, the clamp can be partially or
completely reapplied while resuscitation is achieved. Hypoten-
sion can be minimized by intravascular volume loading, avoid-
ance of myocardial depressants, and vasodilators, as well as
inhalation agents prior to clamp release. Occasionally, small
amounts of sodium bicarbonate will be beneficial; the authors
generally give intravenous calcium chloride, which increases
myocardial contractility and blood pressure. If one reverses
heparin with protamine at the end of the operation, it
must be administered slowly (e.g., use an initial test
dose), as it can cause hypotension or bradycardia. In
rare cases, protamine may lead to severe bronchospasm and
hemodynamic instability.
IV. Carotid artery surgery. Anesthesia for carotid artery
interventions (open or endovascular) must be administered care-
fully to avoid swings in blood pressure and cerebral perfusion.
Additionally, it is necessary to avoid oversedation in cases where
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patients need to be awake for neurologic assessment. In addition
to general anesthesia for carotid interventions, options include
cervical block for awake, open carotid operations and simple
local anesthetic with mild sedation for carotid artery stent-
ing (CAS).

The common clinical concern during any carotid interven-
tion is cerebral perfusion and neurologic evaluation in the cases
where the patient may be awake. During both awake, open
carotid operations and CAS, it is important for the patient to
be communicative and directable to assess neurologic status as
a marker of adequate cerebral perfusion. Too much sedation
during these cases can result in the inability to determine
whether the patient’s decreased neurologic status is due to the
anesthetic or the carotid intervention. During carotid inter-
ventions, the surgeon must understand basic control mecha-
nisms for cerebral blood flow, methods of monitoring cerebral
perfusion, and the effects of different anesthetic agents on cere-
bral metabolism.

A. Cerebral blood flow. There are four major determinants

of cerebral blood flow in the normal brain.

1. Local metabolic factors. Accumulation of local meta-
bolic products causes vasodilation of blood vessels as part
of normal autoregulation and increased local intracerebral
flow.

2. Arterial oxygen tension (P, 0,). Within wide limits,
P 0, does not significantly 1nﬂuence cerebral blood flow.

Arterlal carbon dioxide tension (P_co,) affects cere-
bral blood flow throughout its phys1olog1c range As P,co,
is decreased, cerebral blood flow decreases, and vice versa
4. Cerebral perfusion pressure (mean arterial pressure
minus intracranial pressure or venous pressure). Within
wide ranges of perfusion pressure, cerebral blood flow is
maintained in a steady state by autoregulation.

In diseased states, these control mechanisms are altered.
Autoregulation is altered so that the acceptable mean arte-
rial pressure is different and the point at which autore-
gulation becomes lost is also altered. Blood vessels in an
ischemic brain are maximally vasodilated and therefore
blood flow becomes a direct function of perfusion pressure
(i.e., mean arterial pressure). During carotid clamping, nor-
motension to slight hypertension should optimize cerebral
perfusion via collateral routes including the contralateral
carotid and vertebral arteries.

B. Monitoring. There are at least three methods to assess

adequate cerebral perfusion during carotid cross-clamping or

occlusion:

1. Awake patient who has no neurologic changes with carotid
occlusion

2. Normal electroencephalogram (EEG) that does not change
with carotid occlusion

3. Measurement of carotid artery stump pressures as a reflec-
tion of cerebral perfusion

These methods as well as the indications for use of a tempo-
rary vascular shunt during open carotid endarterectomy are
described in greater detail in Chapter 11.
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C. Types of anesthesia and anesthetic agents. The goals
of anesthesia for carotid surgery include maintenance of a con-
sistent blood pressure, regulation of the patient’s P,co, to max-
imize blood flow to ischemic brain, and rapid emergence from
general anesthesia for neurologic examination in the operating
room. General anesthesia during open carotid operations is
preferred by some surgeons and may afford more direct control
of the patient’s blood pressure and the patient’s airway and
therefore ventilatory status. General anesthesia is also advo-
cated by some in a teaching setting, where the length of the
case may be slightly increased and instructional comments are
made more openly. One of the most common general anesthe-
tic techniques for carotid surgery is balanced anesthesia of
barbiturates, nitrous oxide, narcotics, and muscle relaxants.
Volatile agents and barbiturates may offer some protection
against ischemia because cerebral oxygen demand is reduced.
In contrast, many surgeons prefer local or regional anes-
thesia for awake, open carotid operations as a safe technique
that allows immediate detection of neurologic change when
the carotid artery is clamped. This technique avoids the poten-
tial cardiodepressant effects of general anesthesia and may
afford patients a quicker recovery. Regardless of whether one
prefers general or regional anesthesia, safe results can be
achieved. In the authors’ opinion, the choice lies with the expe-
rience and judgment of the surgeon and the anesthesia team.
Volatile anesthetics are generally considered cerebral
vasodilators, with halothane being the most potent and isoflu-
rane the least. In contrast, most of the intravenous anesthetic
agents are cerebral vasoconstrictors. The effects that these
agents have on the abnormal cerebral vasculature is variable
and, as a result, the impact of one anesthetic choice versus
another is less important than a normal to slightly elevated
blood pressure in maintaining cerebral perfusion. The ability
of either volatile or intravenous agents to suppress metabolism
and provide cerebral protection occurs only at anesthetic
depths that could impair hemodynamic stability. Halothane
can cause hypotension and myocardial depression. Deep anes-
thesia with a volatile agent such as halothane may also in-
crease intracranial pressure and promote intracerebral blood
flow steal from ischemic areas. Prevention of ischemia with
direct augmentation of cerebral perfusion either by supporting
the mean arterial pressure or placement of a temporary vascu-
lar shunt is almost certainly more beneficial than any attempt
with anesthetics to prolong the brain’s tolerance to ischemia.
V. Lower-extremity arterial reconstructions. Lower-
extremity arterial reconstructions can be performed using either
general anesthesia or regional anesthesia alone, or mixed
general and regional anesthesia. Simple local anesthe-
sia with sedation may also be used for percutaneous lower-
extremity interventions. The choice depends upon on whether
the case is open or endovascular, patient comorbidities, and an-
esthesia and surgeon experience and preference. In our experi-
ence, continuous epidural anesthesia is an excellent method for
open femoral popliteal bypass grafting, including instances of a
concomitant retrograde iliac stent placement (i.e., hybrid open
and endovascular procedure). In the early postoperative period,
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the epidural catheter is left in place for additional pain relief or
for reoperation if early graft thrombosis occurs. In addition to
excellent pain relief, the fact that epidurals infused with local
anesthetic cause lower-extremity vasodilation is proposed by
some to provide additional circulatory benefits in these cases.

The indication and appropriateness of a regional technique
should be decided by the anesthesia team in consultation with
the vascular providers. The surgeon should give appropriate
input on the choice of a regional anesthetic and any potential
ramifications, and patient acceptance of a regional anesthetic
as well as its safety must be considered. Many factors may
reduce the advisability of a regional technique, such as demen-
tia, risk of pulmonary aspiration, or previous back or spine injury.
Prolonged sedation is often required in many of these lower-
extremity arterial reconstructions. In addition, some patients
may have cardiovascular conditions that may disqualify them
for regional anesthesia because of venous and arterial dilation
(e.g., hypertrophic cardiomyopathy or severe aortic stenosis).

The use of regional anesthesia in patients requiring anticoag-
ulation or antiplatelet therapy remains controversial, and deci-
sions are often made on an individual patient basis. Although
most studies reveal very low complication rates of epidural anes-
thesia placed in association with antiplatelet therapy or low
molecular weight heparin, the risk is not zero. Because bleeding
complications in this setting are so significant, the authors defer
to their anesthesia colleagues on a case-by-case basis as to which
patients are candidates for epidural anesthesia. Furthermore,
once the epidural catheter is in place, this same expertise is nec-
essary with regard to the need to hold these same medications
(antiplatelet and/or heparin) before and around the time of
catheter removal.

Anesthesia for acute lower-extremity ischemia, such as
in the instance of an arterial embolism, is often complicated, as
these cases tend to occur in critically ill patients at high risk for
general anesthesia. If necessary, exposure of the femoral artery
and performance of a thromboembolectomy can be accomplished
using local anesthesia. However, general anesthesia is preferred
for most cases of acute lower-extremity ischemia because they
invariably take a longer time period than anticipated. This is
especially the case because operative arteriograms, arterial by-
passes, or fasciotomies are frequently necessary as part of oper-
ating on acute lower extremity ischemia.

VI. Lower-extremity venous procedures. Lower-extremity
venous cases may be performed using a general, regional, or
simple local anesthesia, depending upon the planned procedure.
Local anesthesia with or without an oral or intravenous anxi-
olytic such as diazepam is all that is necessary to perform basic
endovenous ablation of the saphenous vein with laser or radiofre-
quency. In the authors’ experience, even most open venous oper-
ations, such as stab phlebectomy and high ligation and removal
of the saphenous vein, can be accomplished with local anesthesia
and intravenous conscious sedation. Here again, communication
is essential with the anesthesia provider, who is able to optimally
time the dose of pain and amnestic medications with the removal
or “stripping” of the vein. Careful consideration and performance
of the procedure can avoid the need and therefore the small risk
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associated with epidural or spinal anesthesia in many of these
cases. Certainly patient, surgeon, and anesthesia experience and
preference play a large part in the decision as to which anes-
thetic type is optimal in these situations.
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SECTION IV

Catheter-Based and
Endovascular Concepts

cHapTer 10

Indications and Preparation
for Angiography

Angiography is the direct intravascular administration of radi-
ographically visible dye in order to gain anatomic information
about a particular blood vessel or group of blood vessels. Arteri-
ography is defined as angiography of the arterial system, and
venography is angiographic imaging of the veins. Historically,
angiography has mostly served a diagnostic purpose, providing
a road map to guide appropriate surgical intervention. The past
two decades, however, have witnessed considerable growth in
minimally invasive techniques to treat disease and injury from
within the vessel lumen—the so-called endovascular proce-
dures. As many of these procedures are performed using small
wires and catheters, another commonly used term is catheter-
based procedures. Common endovascular procedures are
angioplasty, stenting, stent-graft repair of aneurysms, emboliza-
tion, and catheter-directed thrombolysis. A number of vascular
specialists are trained in angiography and endovascular proce-
dures, from the disciplines of interventional radiology, cardiol-
ogy, and vascular surgery. Perhaps a more encompassing term
for a physician performing endovascular procedures is the
“vascular interventionalist” or “endovascular specialist.”
I. Indications. Nearly every vessel in the human body can be
imaged with angiography by a motivated and skilled vascular
interventionalist. However, the indications for angiography are
just as important as the skills required to perform it. Even the
simplest angiographic procedures carry risk to the vessel(s) being
imaged and to the patient as a whole. Therefore angiography
should not be undertaken without clear and appropriate indica-
tions. History, physical exam, and noninvasive tests are nearly
always sufficient to make the diagnosis of peripheral arterial dis-
ease (PAD). The specific indications for lower-extremity, cerebro-
vascular, and renal and mesenteric arteriography are discussed
in detail in their respective chapters. In general, angiography
should only be employed when the additional anatomic
information will clearly affect the sound clinical manage-
ment of the patient.

Informed consent for angiography includes an explanation
of the indications, alternative methods of diagnosis, and potential
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complications. Patients should understand that angiography can
be either diagnostic or therapeutic and that, in general, solely
diagnostic angiograms are becoming less common given the
imaging capability of noninvasive modalities (duplex, computed
tomography angiogram [CTA], and magnetic resonance arte-
riography [MRA]). Additionally, endovascular treatments are
often possible in the same setting as the diagnostic angiogram
following the diagnostic phase. The vascular interventionalist
may plan a solely diagnostic angiogram under certain circum-
stances, such as determining suitability for complex endovascu-
lar interventions such as carotid stenting or aortic endografting.
Angiography is the best test for the rapid diagnosis of some spe-
cific vascular emergencies, such as acute mesenteric or limb
ischemia and can also help solve certain diagnostic dilemmas—
for example, vasospastic disorders versus occlusive disease of the
hands, Buerger’s disease, temporal arteritis, and periarteritis
nodosa.

The objective and potential outcomes of the angiogram should
be understood from the outset and explained to the patient. The
patient should understand that attempts at diagnosing and/or
treating the condition with noninvasive modalities have been
exhausted and that angiography is necessary for clinical deci-
sion making. We inform patients undergoing a lower-extremity
arteriogram for chronic limb ischemia of three possible outcomes
of the procedure:

1. Diagnostic information leading to an endovascular therapy
at that setting or at a later date

2. Diagnostic information leading to an open treatment at a
later date

3. Diagnostic information leading to no intervention due to dis-
ease pattern or severity

The decision to proceed with endovascular or surgical
treatment depends on the patient’s anatomy, medical
comorbidities, and clinical presentation. In many cases,
either endovascular or open surgical therapy may be appropri-
ate. It is important that the patient be presented with balanced
and realistic expectations about any procedure, its durability,
the need for future interventions, and potential complications.

Endovascular procedures are attractive to both patients and
clinicians. As an example, endovascular aortic aneurysm repair
has reduced mortality and morbidity compared with open
aneurysm repair, and has allowed treatment in patients who
would not be suitable for open repair (Chapter 15). However, the
dizzying angiographic success and rapid recovery that patients
often experience with endovascular procedures should be viewed
in the context of evidence supporting longer term outcomes both
of the procedure and the patient (i.e., will they last and will the
patient have good mid- to long-term survival?). Vascular special-
ists should be cautious not to lower the threshold for the treat-
ment of vascular diseases simply because of the availability of
endovascular techniques. The potential benefits of intervention
should be tempered with an understanding of the natural his-
tory of the disease and life expectancy of the patient. The major-
ity of patients with claudication, for example, can be treated
medically and will experience no worsening in their disease.
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Treatment, whether endovascular or surgical, should be limited
to the minority of patients with progressive, lifestyle-limiting
claudication.
II. Preparation.
A. Prior to angiography, the endovascular specialist should
review the patient’s history, lab work, and indications
for the procedure. The informed consent forms are also
reviewed and the patient should have the opportunity to ask
“last minute” questions.
B. An abbreviated physical exam should be performed
just prior to the procedure to confirm previous findings and
assure no interval change.
1. An evaluation of the planned access vessel is critical in
the pre-procedure holding area. The absence of or change
in a pulse should prompt reconsideration of the access
site except in cases of access distal to known disease that is
the target of intervention (e.g., femoral access distal to iliac
disease that is target of intervention).
2. Distal pulses or Doppler signals should be confirmed
prior to lower-extremity angiography and ABIs recorded if
an intervention is likely. The absence of a pulse or Doppler
signal after intervention implies embolization, vessel dis-
section, or poor technical result. Ankle-brachial indices
should be recorded after any lower-extremity endovascular
intervention and compared with pre-procedure values.
3. Newly recognized or poorly treated medical conditions
such as severe hypertension, arrhythmia, or renal insuffi-
ciency generally contraindicate angiography.
4. Patients with foot ulcers or gangrene should have their
wounds reassessed, as they may benefit from debridement
prior to or just following the endovascular procedure.
C. Previous open surgical or endovascular procedures
are particularly relevant and should be reviewed as part of this
pre-procedure routine. Vessels that have been accessed multi-
ple times in the past or the presence of an extremity bypass
may affect the location and method of access for angiography.
For example, previous aortobifemoral bypass will present spe-
cific challenges related to scar and number of patent lumens at
the femoral level (e.g., prosthetic bypass limb and native
femoral/iliac lumen). In this same scenario the bypass graft
presents a narrow bifurcation at the aortic position that gener-
ally prevents placement of a sheath into the contralateral limb
of the graft. The locations of prior endovascular interventions,
along with balloon and/or stent sizes, and complications from
prior procedures should be recorded, noting access problems.
D. Allergy to iodinated contrast material should be
ascertained and can occur in 2-5% of patients. These reactions
are usually mild, with itching and urticaria. Rarely, more
severe anaphylactic reactions occur, manifested by wheezing,
bradycardia, and hypotension. Patients with prior contrast
reactions are at higher risk for recurrent allergic complica-
tions with repeat angiography. Although the benefits of some
type of pretreatment in this high-risk group are controversial,
it is generally recommend that a “prep” consisting of steroids
and diphenhydramine (Benadryl, Johnson and Johnson,
New Brunswick, NdJ, US.A.) be administered prior to the
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angiogram. One such regimen includes 50 mg of prednisone by
mouth 13, 7, and then 1 hour prior to the procedure. A single
dose of 25 to 50 mg of diphenhydramine may also be given 1
hour prior to the administration of contrast. When an urgent
angiogram or CTA is obtained, an emergency prep can be
administered with 50 mg diphenhydramine intravenously and
100 mg hydrocortisone intravenously.
E. The patient should be questioned as to his or her current
medications.
1. Care must be exercised in the use of iodinated contrast
in patients taking metformin (Glucophage, Bristol-Myers
Squibb, New York, NY, U.S.A.). This oral agent used to treat
non-insulin-dependent diabetes mellitus can cause a
severe lactic acidosis that can be precipitated by contrast
agents. The risk is especially high in patients with renal
dysfunction. In general, patients should not take met-
formin for 48 to 72 hours after the use of iodinated contrast
agents. This is especially true in patients who have a base-
line creatinine of greater than 1.5 mg/dL.
2. Anticoagulants such as warfarin should be stopped
before procedures that involve arterial access. This usually
means stopping warfarin for 2 to 4 days and allowing the
international normalized ratio to fall below 1.5. Of course,
the indications for anticoagulation must be noted because
some patients, such as those with mechanical heart valves
or known pulmonary emboli, should not be off of anticoag-
ulation. A heparin “window” can be used in patients at
high risk for stopping anticoagulation. The patient is
kept fully anticoagulated on intravenous unfractionated
heparin (UFH) while the warfarin is held. UFH has a short
half-life (90 minutes) compared to warfarin (36 hours), so
that it can be held for several hours prior to and after the
angiogram. The development of low molecular weight
heparins now allows a number of patients at moderate risk
for holding anticoagulation to “bridge” at home with subcu-
taneous injections. Antiplatelet agents such as aspirin
and/or clopidogrel (Plavix) are commonly taken by patients
with peripheral vascular disease. Some interventionalists
insist these drugs are held prior to angiography, while oth-
ers do not. Prior to some interventions such as carotid or
renal stenting, many physicians ensure that antiplatelet
agents are “on board” or even administer high doses on
the day of the procedure. There is no consensus on the use
of antiplatelet agents and angiography. At present, each
case must be assessed individually, balancing the risk of
bleeding with thrombosis. Patients with a personal or
family history of bleeding problems should be carefully
evaluated with a platelet count and coagulation studies
(prothrombin time and partial prothrombin time). A hema-
tology consultation should be sought if heritable bleeding
disorder is suspected.
F. Renal function is assessed by measuring serum creati-
nine and blood urea nitrogen. Contrast material can be
nephrotoxic, especially in the elderly, patients who are dehy-
drated, those with diabetes, and in patients with renal insuf-
ficiency. Adequate urine output (0.5 mL/kg/h) should be



Chapter 10. Angiography 117

established in these patients prior to contrast angiography by
intravenous hydration, and the administration of bicarbonate
may reduce the risk of contrast nephropathy. For those
patients with a creatinine greater than 1.5, the authors
administer a mixture of three ampules of sodium bicarbon-
ate (8.4%, 50 mL) added to dextrose 5% in water at a rate of 3
cc/kg/hr for the hour prior to the angiogram and 1 cc/kg/hr
during and for 6 hours after the procedure. The use of acetyl-
cysteine (Mucomyst, Bristol-Myers Squibb, New York, NY,
U.S.A.) to prevent contrast nephropathy has been extensively
studied. Although consistent evidence of its benefit is lacking,
acetylcysteine’s use is relatively innocuous when prescribed as
an oral regimen of 600 mg orally twice daily for the day prior
to and of the procedure.
G. Skin preparation of the access or puncture site should
include cleansing with an antiseptic soap such as chlorhexi-
dine or povidone-iodine. In the case of femoral access, both
groins should be prepped.
H. Pre-procedural antibiotics are not necessary for rou-
tine angiography. However, antibiotics may be beneficial prior
to implanting a permanent intravascular stent or if the access
site must be a prosthetic graft.
III. Risks. The main risks of angiography are hemorrhage from
the access site; allergic reactions to the contrast material; throm-
bosis of the punctured vessel; and embolization of a clot from the
catheter, air, or atheromatous material. In experienced hands,
these complications occur in about 1% of all cases. Mortality is
less frequent (0.05%) but is a definite risk that the patient must
understand.
IV. Selection of access vessel. Every endovascular procedure
begins with intravascular access. Although percutaneous vascu-
lar access is usually straightforward, this most basic technique
can also be quite foreboding. The most frequent complications of
angiography occur at the access site (2-4%) and include
hematoma, pseudoaneurysm, and arteriovenous fistula. Careful
selection of the access vessel is critical to the safety and success
of the angiogram. The most commonly selected vessels for arte-
riography are the femoral and brachial arteries.
A. The common femoral artery is accessible and large
enough to accommodate sizeable sheaths. The primary disad-
vantage of femoral access includes the risk of retroperitoneal
hemorrhage, which can occur with an inadvertent high punc-
ture and access into the external iliac artery. In contrast, low
puncture or access into the superficial femoral artery
increases the risk of pseudoaneurysm, vessel dissection, and
thrombosis.

The technique of femoral artery access requires careful
attention to specific anatomic landmarks, including those
on the patient’s skin and one key landmark identified by
fluoroscopy. The optimal site for access into the common
femoral artery is just below the inguinal ligament at the level
of the femoral head. At this level the femoral artery courses
over the medial one-third of the femoral head (Fig. 10.1)
and access at this location improves the effectiveness of man-
ual compression of the vessel when the access sheath is
removed following the procedure. Fluoroscopic confirmation of
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Figure 10.1. Bony landmarks are useful for identifying the level of
the common femoral artery. The inguinal ligament runs between the
pubic tubercle and the anterior superior iliac spine, marking the top
of the common femoral artery. High puncture or laceration of the
inferior epigastric artery can lead to serious retroperitoneal bleed-
ing. Puncture at or below the femoral bifurcation is also to be
avoided.

this location is simple and important to avoid misadventures
associated with punctures based solely on the inguinal
skin crease, which is often misleading. A line between the
anterior superior iliac spine and the pubic tubercle marks
the inguinal ligament, and by using a hemostat placed at the
planned puncture site and fluoroscopy, one can confirm
that the access is over the femoral head. This technique is par-
ticularly helpful in obese patients in whom the skin land-
marks are distorted as well as in patients with diminished
pulses.

B. Arterial access can be accomplished in a retrograde or
antegrade manner and consideration of these options should
be made prior to attempting to enter the vessel. Retrograde
arterial puncture refers to the needle being placed opposite
the direction of blood flow. For lower-extremity arterial disease,
the femoral artery opposite the more symptomatic leg is often
selected for retrograde puncture. This allows for a full aor-
togram and runoff or imaging of the most symptomatic lower
extremity without interference from the femoral access sheath.
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Access via the contralateral femoral artery also offers working
room if needed, to treat the symptomatic leg by going “up
and over” the aortic bifurcation. An antegrade stick of
the femoral artery is placed heading with the direction of
blood flow down the lower extremity and allows for a focused
unilateral arteriogram. The antegrade approach provides a
more supportive platform when treating severe disease or total
occlusions of the distal femoral, popliteal, and infrapopliteal
arterial segments. Antegrade access generally requires more
precision to allow access of the femoral artery in its most prox-
imal segment away from the femoral bifurcation and profunda
femorus artery. Even with accurate access, directing the wire
into the superficial but not the deep femoral artery can be chal-
lenging, because of limited working room between the entry
site and the femoral bifurcation. Because of these technical
challenges, antegrade femoral access has a slightly higher risk
of access site complications compared with the more standard
retrograde access.

C. Brachial artery access may be selected in patients with
poor femoral pulses or with other compelling reasons to avoid
access in the groin, such as the presence of a bypass graft.
Additionally, downward-sloping vessels such as those of the
mesentery are often easier to catheterize with selecting wires
brought from above, a configuration which is afforded by
brachial access. The portion of the brachial artery just above
the antecubital crease is superficial and suitable for access.
Access through the left brachial artery is preferable
to the right because it avoids traversing the origins of the
common carotid arteries with wires and possibly sheaths.
Right-sided brachial access requires crossing both common
carotids with these devices and therefore harbors a small risk
of stroke from embolization of atheromatous plaque or debris.
The smaller size of the brachial artery makes access more
technically challenging, and accurate entry into the brachial
artery may be facilitated with an ultrasound guided puncture.
The brachial artery can rarely accommodate larger than a 6
Fr sheath, which may curtail procedures requiring larger
devices unless an open exposure of the artery is performed
to allow direct repair after removal of a larger sheath. Lower-
extremity interventions cannot usually be performed from a
brachial approach due to the limited length of commercially
available endovascular devices. The location of the brachial
artery and its proximity to the median nerve in a small fixed
space or sheath in the arm necessitates good hemostasis
following access sheath removal. In contrast to femoral access
hematomas, which are most often managed without surgery,
even a small hematoma over the brachial artery can result in
median nerve compression, requiring operative intervention.

V. Methods.

A. Pain or discomfort associated with angiography is
usually minimal and transient. Such discomfort is related to
vessel puncture, sheath placement, and contrast injection.
Occasionally, the use of balloon angioplasty and/or stents
may result in visceral pain if the vessel wall is stretched
significantly. Pain accompanying contrast injection has been
markedly reduced with the use of iso-osmolar or only
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slightly hyperosmolar contrast agents. If an older hyper- AQ4
osmolar contrast agent is used, the patient may experience an
intense hot or burning pain that lasts seconds but is remark-
ably uncomfortable. In general, the authors manage the
patient’s pain and anxiety with the oral administration of a
short-acting benzodiazepine or use of an intravenous dose of a
short-acting narcotic such as fentanyl and rarely resort to an
intravenous sedative such as propofol (Diprivan, AstraZeneca,
Wilmington, DE, U.S.A.). Local anesthetic is used around
the puncture site and in most cases is all that is required.
Transient visceral pain with balloon angioplasty or stenting is
mediated by adventitial receptors and indicates vessel stretch;
severe or persistent pain suggests rupture or impending per-
foration of the vessel.

B. A variety of nonionic contrast agents are used today,
which are much improved over older ionic contrast agents.
Many of these nonionic agents are iso-osmolar or only slightly
hyperosmolar, which represents the greatest improvement
over older agents, which were extremely hyperosmolar and
painful during injection. Excreted by the kidneys, contrast
agents can induce acute renal dysfunction in patients with or
without pre-existing renal insufficiency. However, individuals
with known renal failure, proteinuria, diabetes mellitus, and
dehydration are at higher risk. Postangiographic renal dys-
function peaks at 48 hours and can be minimized by intra-
venous hydration, limited contrast loads, and, rarely, mannitol
infusion. Contrast-induced nephropathy is usually transient
and improves within a week’s time.

C. The modified Seldinger technique is used to obtain
access to the vessel (Fig. 10.2) and entails puncture of the
anterior wall of the vessel with a hollow, beveled needle. Once
pulsatile flow is confirmed, a guidewire (e.g., floppy J-wire) is
advanced into the artery. The needle is withdrawn while man-
ual pressure is held over the entry site to prevent bleeding. A
sheath that contains a soft, tapered inner dilator is then
placed over the wire into the lumen and the inner dilator
removed. The sheath acts as a working port within the
vessel, through which catheter and wire exchanges can
be made with minimal bleeding or trauma to the vessel
wall. The smallest sheath that can effectively accomplish the
goals of the angiogram should be selected to minimize access
site complications. If initial passage of the wire into of the
artery is impeded, the needle may not be completely within
the lumen, in a side branch of the artery, or up against a piece
of plaque. Advancing the wire under these circumstances can
cause damage, and any resistance to wire advancement should
lead to examination under fluoroscopy to avoid coiling of the
wire, which can be seen with extraluminal placement or dis-
section. In these cases, the wire is removed and the arterial
back-bleeding again confirmed. The endovascular specialist
may try to angle the bevel of the needle in a different direction
or withdraw the tip slightly, in an effort to enter the true
lumen and then reinsert the wire under fluoroscopic guidance,
looking for resistance free placement. In instances where
blood flows freely from the needle but the wire will not pass, a
small contrast injection under fluoroscopy may help identify
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Figure 10.2. Modified Seldinger technique for percutaneous
angiography. (A) Introductory needle is passed into femoral or
brachial artery. (B) Smaller flexible guidewire is passed through the
introductory needle into the artery. (C) Introductory needle is with-
drawn over the guidewire, which is left in the artery. (D) Larger
flexible angiographic sheath or catheter is passed over the smaller
guidewire into the artery.

the problem. Failure of these simple maneuvers should
prompt withdrawal of the needle, manual pressure, and a new
puncture.

The classic Seldinger technique is worth mentioning and
involves not only puncture of the anterior vessel wall but also
the back wall of the artery as well (double puncture tech-
nique). With this technique the needle is withdrawn until a
flash of pulsatile blood confirms intraluminal placement.
The double puncture technique is best avoided by those with
limited experience, as it is technically more challenging and
bleeding from the posterior wall puncture into the femoral
sheath or even retroperitoneum can be a problem.

Difficult arterial access may also be due to poor pulsa-
tion or large body habitus. In these situations, bony land-
marks in relation to the chosen access location are especially
helpful and should be evaluated using fluoroscopy. In more
difficult cases, the endovascular specialist may wear a lead
glove and attempt to access the artery under real time fluo-
roscopy. Doppler or duplex ultrasound can also be used as
an adjunct to locate the vessels (e.g., ultrasound-guided
access). The SmartNeedle (Escalon Medical Corp, Wayne,
Pennsylvania, U.S.A.) has a built-in Doppler probe and can
also be used for difficult access scenarios. Calcium deposits in
the femoral and iliac arteries may actually form a cast of the
vessel that can also be used as a guide to the vessel using flu-
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oroscopy. If a catheter-based intervention mandates femoral
access, one last option is to perform a preliminary or marking
arteriogram via the brachial artery in order to identify the
position of the femoral arteries in groin to guide the puncture
location.
VI. Venography.
A. Diagnostic venography of the extremities typically consists
of two parts, ascending and descending, and may also be
referred to as phlebography. This two-staged exam allows
for study of venous anatomy and patency by injecting contrast
from venous access distal in the extremity to proximal in the
direction of venous flow (i.e., ascending). Typically, the
descending venogram is performed from a remote venous
access site to allow injection of contrast down the extremity
against the flow of venous blood to assess competence of the
venous valves. Traditionally, ascending and descending venog-
raphy is performed on a tilt table to allow gravity-induced
changes in venous flow during different stages of the exam.
While duplex has nearly replaced venography in the diagnosis
of deep vein thrombosis (DVT) and in identifying venous
reflux, there has been a resurgence of venography performed
in conjunction with catheter-directed thrombolytic treatment
for acute venous thrombosis. Venography is also useful in com-
plicated venous cases to define lower-extremity anatomy for
patients needing deep venous valve reconstruction or venous
bypass.
B. Patient preparation and risk. Steps in preparation for
and the risk of venography are nearly the same as those dis-
cussed for arteriography and include recognition of contrast
allergies, renal insufficiency, and need for a suitable puncture
or access site. About 3% of venographic studies will be compli-
cated by minor allergic reactions, contrast-induced throm-
bophlebitis or thrombosis, or contrast extravasation at the
puncture site.
C. Methods. The quality and safety of leg venography can
be optimized by paying attention to the two previously men-
tioned aspects of the technique.
1. Ascending venography is performed by injecting con-
trast into a vein on the distal extremity in a direction away
from the foot. The patient should be positioned at 30° to 45°
reverse Trendelenburg on a tilt table, with no weight bear-
ing on the affected limb. Weight bearing causes the gas-
trocnemius and soleus muscles to contract, preventing
adequate filling of some deep veins. For general diagnostic
purposes, a vein on the dorsum of the foot is punctured
with a 21-gauge needle. Rarely, a cutdown exposure of
the great saphenous vein at the ankle is necessary. Diluted
nonionic contrast in a volume of 60-90 mL per extremity
is usually suitable and may reduce the risk of contrast-
related phlebitis. Views of the superficial and deep veins
can be obtained without a tourniquet unless leg swelling
is severe and causes increased compartmental pressures.
In this situation an ankle tourniquet to occlude the super-
ficial system is used to promote better filling of the deep
veins. Images of the leg are made with external and
internal rotation of the foot and the same views are
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obtained over the knee and thigh. Finally, the pelvic film is
exposed after the table is returned horizontal and the leg
elevated. The venous system is flushed with 60 mL of
normal saline at the completion. Ultrasound-guided
popliteal vein access with the patient in the prone posi-
tion is often chosen for catheter-directed thrombolytic
treatment of acute DVT involving the proximal femoral
and/or iliac veins. A form of ascending venography, this
approach provides excellent support for crossing acute
venous thrombus with wires and catheters and provides
optimal imaging of the proximal femoral, iliac, and even
caval circulations.

2. The normal ascending venogram is able to image
the lower extremity up to and including the inferior vena
cava. During normal ascending venography, the deep and
superficial veins are opacified, except for the profunda
femorus vein, which is rarely filled. Deep venous trunks in
the calf are paired, the smallest being the anterior tibial
veins. These deep leg veins have smooth, straight walls
except where the valves are positioned and then a beadlike
appearance of the vein can be appreciated. Venous sinuses
within the muscle of the leg are large and fusiform in the
young but appear smaller with advancing age. The
popliteal and femoral veins are usually single but may be
paired in some individuals. Normally, contrast should flow
quickly up the deep system after leg elevation, allowing
for visualization of the proximal femoral, iliac, and even
caval circulations. For more complete opacification of these
proximal venous segments and depending upon the size
and location of the distal access vein in the leg it may
be necessary to place a sheath to allow placement of a
catheter near or into the proximal venous segment of inter-
est. Injection of contrast into a catheter placed more proxi-
mally allows more full and complete filling and imaging
of these venous segments. Alternatively, the proximal
venous segments may be imaged as part of the descending
venogram.

3. Descending venography of the lower extremity is
performed by accessing the contralateral femoral vein and
crossing over the bifurcation of the inferior vena cava with
a wire and catheter. This allows placement of a catheter
above the venous segment of interest for injection of con-
trast to assess the valvular reflux. Once the catheter is
placed above the segment of interest the patient is posi-
tioned in a steep reverse Trendelenburg position (i.e., head
up), while contrast boluses are injected through the
catheter and images recorded. The patient may perform a
Valsalva maneuver, which increases intra-abdominal
pressure and transiently halts venous emptying from the
legs to increase the sensitivity of descending venography.
In the setting of normal valvular function, the contrast will
only descend as far as the next set of competent valves,
which prevent flow down the venous segment. Conversely,
in the setting of valvular incompetence, contrast will flow
down the venous segment of the leg until a competent set
of valves intervenes.
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4. Acute lower-extremity deep venous thrombosis is
confirmed by filling defects in the deep veins on more than
one view. The contrast column will end abruptly when the
thrombosis obstructs the vein. Deep veins also may be
nonopacified because of external compression from muscle
swelling in the fascial compartments. Chronic changes
from post-thrombotic syndrome reveal well-developed
collaterals and partial recanalization with intraluminal
webs or synechiae. Chronic venous insufficiency as a result
of primary valvular degeneration or post-thrombotic syn-
drome is evident by the degree of contrast reflux visualized
on descending venography.

5. Upper-extremity venography can accurately diag-
nose and potentially treat central venous stenosis or
thrombosis. Although duplex is the initial test of choice in
this situation, the intrathoracic position of the central veins
makes them difficult to exam directly with ultrasound. The
use of chronic central venous catheters for parenteral
nutrition, chemotherapy, and dialysis predisposes the sub-
clavian and innominate veins to stenosis and/or thrombo-
sis, which may require central venous angiography to
diagnose. In such cases an often distended superficial arm
vein may serve as a site for access and injection of diluted
contrast. Ultrasound-guided basilic vein access allows
placement of a venous sheath and therefore a wire and
catheter into more proximal venous segments for imaging
and potential treatment. The presence of a dialysis fistula
or graft in the arm provides an obvious site for venous
access and intervention in select cases. In the case of acute
axillo-subclavian venous thrombosis, also referred
to as Paget-Schroetter syndrome, distended antecu-
bital veins may facilitate venous access. Venography in this
scenario is often combined with catheter-directed throm-
bolysis to treat the acute DVT, which often forms as a result
of thoracic outlet syndrome. In the absence of acute axillo-
subclavian venous thrombosis but suspected thoracic outlet
syndrome, diagnostic venography should include provoca-
tive maneuvers (abduction and external rotation or the
arm), which may provide the diagnosis.
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cHAPTER 11

Catheter-Based Technology
and Devices

In order to participate in a meaningful discussion of endovascu-
lar therapies or to take part in endovascular procedures, the
provider or trainee needs a fundamental understanding of
equipment and techniques. This chapter is designed to prepare
the reader with that basic familiarity and understanding and
includes sections on catheter-based technologies and thrombolytic
therapy. Additionally, this chapter provides a brief discussion of
post-angiogram care and complications specific to endovascular
procedures. As a starter and because the use of catheters in these
cases is ubiquitous, the term catheter-based should be thought
of as synonymous with endovascular procedures.

I. Basic equipment. The exponential growth of endovascular
procedures to treat vascular disease and certain patterns of
vascular injury has driven the development of catheter-based
technology. Competition in the industry to “build the better
mousetrap” has led to a seemingly countless number of endovas-
cular tools, some of which are interchangeable. The wide array
of endovascular technologies can seem at first overwhelming.
However, a basic understanding of certain core elements is all
that is necessary for most basic endovascular procedures.
The following section describes these core tools that that are
used as part of nearly all endovascular procedures: sheaths,
wires, and catheters (Table 11.1). Categories of therapeutic
technologies, including balloons, stents, covered stents or
stent grafts, and intravascular ultrasound are described fol-
lowed by a discussion of concepts related to catheter-directed
thrombolysis. Finally, a summary of post-catheterization
care and complications unique to endovascular procedures is
provided.

The nuances of different device brands are not discussed here,
as the purpose of this chapter is to provide a broad overview of
each class of equipment. Where brand names are mentioned,
these may imply a frequent practice of the authors but are not
intended to profess superiority of a particular device. In many
cases, the obvious utility of catheter-based interventions has led
to widespread usage prior to FDA approval for such applications.
For example, bare metal stents were originally FDA-approved
only for use in the biliary tree, and covered stents for the tra-
cheobronchial tree. The following discussion includes some
off-label use of catheter-based technology and the reader
is advised to consult the individual manufacturer’s guide-
lines for every endovascular device prior to usage.

A. Sheaths. The primary function of sheaths is to maintain

hemostatic access to the inside of the vessel once entry has

been accomplished by the modified Seldinger technique.

Sheaths act as ports through which wires, catheters, and other

devices can be exchanged without causing trauma to the ves-

sel or significant blood loss. The hemostatic valve at the end of

126
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Table 11.1. Categories of catheter-based tools

Access needles
18-gauge
21-gauge micro-puncture kit
Sheaths—4 Fr and greater
Short straight (10-12 ¢cm and 22-25 c¢cm lengths)
Long straight (90 cm)
Preshaped crossover sheaths (45-60 cm)
Wires— 0.014 to 0.035 inches diameter (regular and exchange-
length)
Hydrophilic (e.g., glide wire)
Nonhydrophilic (i.e., working wires)
Starter (e.g., starter J-wire or Bentson wire)
Stiff (e.g., Amplatz, Cook, Inc., Bloomington, IN)
Catheters
Nonselective flush (e.g., straight, pigtail, Omni)
Selective/end hole (e.g., angled glide, Bernstein, Cobra, Simmons)
Infusion (e.g., multiside hole thrombolytic)
Guide Catheters
Balloons
Compliant
Noncompliant
Cutting
Cryo-balloons
Stents
Balloon-expandable
Self-expanding
Covered (i.e., stent grafts)
Intravascular ultrasound (IVUS)
Mechanical thrombolysis (e.g., Angiojet, Possis Medical, Minneapo-
lis, MN)
Access or puncture site closure devices

the sheath through which these devices are passed from out-
side of the patient to inside the blood vessel is often referred
to as the diaphragm. A side port, also toward the end of the
sheath, allows it to be flushed proximal to the diaphragm
or transduced to measure the pressure within the vessel.
Sheaths are sized based on their inner diameter with 1
Fr unit equaling 0.33 mm. This is important to keep in
mind, understanding that a 5 Fr sheath has a 1.65 mm inner
diameter but an outer diameter that creates a slightly larger
opening in the vessel. The majority of diagnostic procedures
are performed through sheaths 10-12 c¢cm long, with longer
sheaths (e.g., 45 and 90 cm) available to provide a platform for
endovascular procedures at distances farther from the access
site. Sheaths that are shaped with preformed curves are also
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available, such as the popular “crossover” sheath that has a
wide U shape for optimal positioning over the aortic bifurca-
tion into the contralateral iliac or femoral artery. Using this
longer preformed sheath, arteriograms and catheter-based
interventions can be performed on the leg contralateral to the
femoral access site

The smallest sheath suitable for the task at hand should be

used in order to minimize the size of the hole in the vessel and
lessen the risk of access site complications. The most common
sheath sizes used range from 4 Fr to 10 Fr. Very large diame-
ter sheaths up to 25 Fr are necessary to accommodate certain
devices for endovascular aneurysm repair.
B. Wires. Catheter-based interventions are initiated with
placement of a wire maneuvered into a desired location using
fluoroscopic guidance. Once the wire is in the desired location,
the endovascular tool needed to accomplish the next step (e.g.,
catheter, balloon, or stent) may be placed over a wire though
the sheath, with the wire acting as a rail on which the device
travels. Once a wire has been positioned to its desired location,
it should not be advanced or withdrawn until the given inter-
vention is complete. Meticulous wire control or wire man-
agement is important to avoid injury to vessels or structures
beyond the desired location and critical once placed beyond a
stenosis targeted for therapy. Should the wire be inadvertently
pulled back proximal to such a lesion, regaining wire access
can be difficult; multiple wire passes can cause adverse events
such as embolization or dissection.

Wires are sized based on their diameters and lengths. The
most common wire diameters are 0.035, 0.018, and 0.014
inches. Because they are the largest, 0.035” wires are most
easily handled and can be used for the majority of basic diag-
nostic and large vessel interventions. Because of their small
size, 0.014-inch wires are more difficult for the less experi-
enced endovascular specialist to handle and maneuver. The
0.014-inch wires were originally designed for use in the coro-
nary arteries and are therefore compatible with smaller pro-
file balloons, stents, and other endovascular devices. A benefit
unique to the 0.014-inch wire pertains to monorail catheter
technology. The monorail mechanism allows the wire to exit
from an opening of a device (e.g., catheter, balloon, or stent)
much closer to the forward tip of the device instead of out of
the back or rear of the device (Fig. 11.1). This technique allows
for more rapid exchanges over a shorter length of wire, reduc-
ing manipulation and making the exchange easier for one
individual to accomplish. The 0.014-inch wire system is most
often used in small vessels (e.g., carotids or tibials) or when
wire movement must be kept to a minimum (e.g., renals).
The “working wires” for the endovascular specialist include
standard lengths (145-180 cm) and exchange lengths
(240-300 cm). Exchange-length wires are necessary when per-
forming over-the-wire interventions so that catheter or bal-
loon exchanges can be made without losing wire access. The
length of wire needed for a given procedure can be esti-
mated using the following formula: distance from the
access site to the target lesion location + length of the
catheter + 10 cm.
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Figure 11.1. (A) “Over-the-wire” balloons typically go over a 0.035-
or 0.018-inch wire, which exits at the end of the balloon. (B) Mono-
rail technology utilizes a 0.014-inch wire that exits via a side port
in the balloon.

Wire properties also vary with respect to their steerability,
trackability, and stiffness. Starter wires are used at the
onset of vascular access to facilitate sheath and initial
catheter placement. A typical starter wire has a low degree of
stiffness and a floppy, straight, angled, or J-shaped tip that
makes initial intravascular passage atraumatic. Wires with
an angled tip are steerable in that the interventionalist can
turn the tip in a desired direction as the wire is advanced,
allowing it to navigate circuitous turns. Wires with a
hydrophilic coating are useful for negotiating tortuous vessels
and tight stenoses and for selecting or entering the orifice of
target vessels. Hydrophilic wires are frictionless or slick
when kept wet, which is a necessary step to maintain their
handling and trackability. Because these wires are often too
slick to manipulate with the user’s fingers alone, tools referred
to as torque devices that grip the wire may be used to effec-
tively steer or spin the tip of the wire. Care must be taken with
hydrophilic wires, as they are prone to enter the subintimal
plane. This can be advantageous if a subintimal angioplasty
is desired, but can also create unwanted dissections or even
vessel perforations. The stiffness of a wire’s body depends on
its diameter and composition, although the segment at the
leading edge is typically floppy.

Once the starter and hydrophilic wires have accomplished
access to the desired intravascular location, an exchange to a
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more stiff wire is often performed to allow endovascular work
over a rail with more substance. Specifically, stiff wires are
often necessary to negotiate a sheath into position at a distance
far from the access site without losing wire position. Stiff wires
also tend to straighten tortuous vessels and provide appropri-
ate support for the deployment of larger endovascular devices,
such as endografts for aortic aneurysm repair. Examples of
more stiff wires in order of increasing rigidity include the
Rosen, Wholey, Meier, Amplatz, and Lunderquist wires.
Finally, specially designed pressure wires are now available
that can be placed to measure intravascular pressure wave-
forms at their distal segments or tips. These recently developed
wires are useful to directly transduce intravascular pressure
and to determine the presence or absence of a pressure gradi-
ent across a vascular stenosis.

C. Catheters and guiding catheters. Catheters are long,
flexible tubes with hollow lumens that are placed over and
used to direct wires through vessels or across stenoses or
occlusions. Once the wire has been removed from the catheter,
contrast may be injected through the lumen for performance of
angiography (Fig. 11.2). Catheters are sized based on their
outer diameter and come in two broad categories, nonselec-
tive flush catheters and selective end-hole catheters.
Nonselective angiography is performed through flush
catheters, which have multiple side holes near the tip and can
accommodate high pressure (400-600 psi), high flow injections
without causing catheter motion (i.e., catheter whip) within
the vessel during injection. Flush catheters are designed to
image larger, high-flow vessels such as the aorta and vena cava
and come in various lengths and shapes, including the straight
flush catheter, the pigtail flush catheter and the Omni SOS
catheter (AngioDynamics, Queensbury, NY, U.S.A). A wide
assortment of selective or end-hole catheters is available to
permit the endovascular selection or cannulation of all types of
blood vessels. The choice of a particular catheter depends on
the diameter and tortuosity of the main access vessel and the
angle of takeoff of the branch vessel targeted for cannulation.
Most often, several different catheters may be suitable for

Pigtail 508 Cobra Simmons 1 Simmons 2 Bernstein JB1

Figure 11.2. A sampling of commonly used catheter shapes.
Catheters with a complex curve must be reformed to their pre-
formed shape in vivo (e.g., Vitek, Simmons).
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engaging a given vessel, such that the interventionalist’s pref-
erence and familiarity with the catheter is a major factor in its
success. Once the catheter is engaged in the orifice of the
desired vessel, the wire may be removed and a selective angio-
gram performed or advancement of the catheter over the wire
can continue into a more distal position. Catheters with a sin-
gle curve such as the angled glide, visceral selective (VS),
or cobra catheters (C1-3) are advanced by simply pushing
them forward over the wire. Catheters with a complex curve
must be reformed within the vessel once the wire is with-
drawn. Paradoxically, some complex catheters must be with-
drawn by the endovascular specialist in order to allow them to
advance into the vessel. Examples of complex curve catheters
are the Simmons and Vitek catheters.

Guiding catheters, sometimes simply called guides, are
essentially larger catheters through which other devices such
as balloons and stents may be passed. Like catheters (and
unlike sheaths), guides are measured according to their
outer diameter. Therefore, an 8 Fr guide that has a 2.66 mm
outer diameter will fit through an 8 Fr sheath that has the
same inner diameter. The inner diameter of the guide is of
course smaller and determines what size devices may pass
through. Also, like catheters, guides come in a variety of pre-
formed shapes, which facilitates their placement in angled ori-
fices such as the renal and mesenteric arteries. Although
guides can be positioned directly over a wire into a vessel’s ori-
fice, unlike sheaths they typically do not come with a tapered
inner dilator. Therefore, there is an increased risk of athero-
matous embolization with this maneuver because of the step-
off (i.e., size mismatch) between the wire and the opening at
the end of the guide. An alternative technique involves tele-
scoping the guide over a catheter and wire. The catheter is
then withdrawn, leaving the guide in position to conduct inter-
ventions. A Tuohy-Borst adapter may be placed over the wire
and attached to the external end of the guide to prevent back-
bleeding. This device allows injection of contrast through its
side port into the guide to facilitate angiography while the wire
remains in place, exiting out the back end of the Tuohy-Borst.
D. Unfractionated heparin (UFH) is used during many
peripheral interventions in order to prevent thrombus forma-
tion, however, consistent recommendations for its use are
lacking. Higher doses of UFH (75-100 mg/kg) are often used
for carotid interventions and femoral or tibial angioplasty
in which the catheters or wires may be near-occlusive or when
prolonged or complex interventions are anticipated. Lower
doses (50 mg/kg) may be suitable for more straightforward
cases such as limited iliac angioplasty. The authors also
suggest lower doses of systemic heparin when working
through larger femoral sheaths (7 Fr or more) or via brachial
artery access. Heparin may be directly reversed with the use
of protamine at the end of the procedure or simply allowed to
wear off over a period of 1-2 hours prior to removal of the
access sheath. Protamine binds to heparin at a ratio of 1 mg
protamine: 100 U heparin, induces histamine release, and can
cause hypotension and (rarely) anaphylaxis. Accordingly,
50 mg of protamine would neutralize 5,000 units of heparin;
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however, the time since the heparin dose should also be con-
sidered. The half-life of unfractionated heparin varies (30 min-
utes to 2 hours), depending on the dose.
E. Vasodilators can be used in select cases to alleviate distal
vessel spasm related to catheter or wire manipulation. Nitro-
glycerine can be delivered through the sheath or catheter
directly into the blood vessel in increments of 50-100 mcg. The
main side effect of nitroglycerin is headache related to vasodi-
lation. When the hemodynamic significance of a mild or mod-
erate stenosis visualized on arteriography is in question,
pressures should be transduced proximal and distal to the
stenosis. This can be accomplished by transducing the end of
the catheter when it is proximal to the stenosis and then slowly
withdrawing the catheter across the stenosis distally. A pres-
sure wire can also be used to measure the pressure proximal
and distal to the identified stenosis. A resting mean arterial
pressure gradient of greater than 5 mm Hg or systolic pres-
sure gradient greater than 10-15 mm Hg across a stenosis is
considered hemodynamically significant. If there is no resting
gradient identified across a moderate stenosis, intra-arterial
papaverine (10-30 mg) can be administered in attempt to
unmask the gradient. Papaverine causes distal vasodilation,
thereby increasing the velocity across any proximal stenosis
mimicking the effects of walking or exertion. A mean arterial
pressure gradient of greater than 10 mm Hg or more than 15%
following administration of papaverine is significant.
II. Catheter-based therapeutic technologies can be used in
cases of acute or chronic occlusive disease, aneurysms, and even
in select patterns of vascular injury. Once the endovascular spe-
cialist has decided to proceed with a catheter-based intervention,
the tools for that intervention need to be selected. If a diagnostic
angiogram has already been performed, the basic equipment
for the case can be decided upon in advance and set aside. When
the intervention is done at the same sitting as the diagnostic
angiogram, the interventionalist should take a few minutes to
mentally plan an approach to the lesion. The plan should then be
discussed with personnel in the catheterization laboratory or
operating room. The staff’s understanding of the “game plan”
encourages active involvement and anticipation of the methods
and tools to facilitate the treatment goal.
A. Indications for angioplasty. Since its revival in the late
1970s, angioplasty has been used successfully to dilate or
recanalize arteries or grafts in every anatomic region.
Catheter-based interventions generally have lower morbidity
and mortality than open surgical approaches and in some
cases are less expensive since the length of hospitalization is
shorter. Patient recovery is excellent, with ambulation occur-
ring on the same or following day. However, endovascular
therapies are generally less durable than operative revascu-
larization. The specific indications and options for intervention
depend upon the anatomic area being treated and are dis-
cussed in detail in the chapters on specific diseases. Guidelines
such as the Trans-Atlantic Inter-Society Consensus
(TASC) provide recommendations for catheter-based versus
surgical treatment of lower-extremity occlusive disease (see
Chapter 14). For example, a short common iliac stenosis is best
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treated by endovascular revascularization, whereas open
surgery (aortobifemoral bypass) is more fitting for diffuse
aortoiliac disease. Nonetheless, the decision for or against a
catheter-based intervention should be carefully considered in
the context of the anatomy, patient comorbidities, and the skill
set of the interventionalist. The authors also feel that success
of a given intervention must be documented by improvement
of both symptoms and hemodynamic measurement (ankle
brachial indices, Doppler wave forms, pulse volume recordings,
or transcutaneous oxygen measurements).

B. Percutaneous transluminal angioplasty (PTA) is the
most fundamental and popular technique used for treating
vascular occlusive disease and generally uses polyethylene
catheters that have an inflatable balloon near the tip. Balloon
angioplasty represents a variation of the original translumi-
nal arterial dilatation described by Dotter and Judkins. The
Dotter technique used a relatively large 12 Fr Teflon catheter
introduced over an inner 8 Fr catheter and passed through the
stenosis to dilate it. No balloon was involved. Gruntzig popu-
larized balloon catheters in the late 1970s, and their use now
is common practice.

The first step in PTA is to cross the lesion with the selected
wire as described in the previous section. An angled hydrophilic
or glide wire is particularly effective in this maneuver and can
be steered into and beyond the stenosis. An angled catheter can
also be used to direct or steer a straight hydrophilic wire to the
appropriate position to navigate across the lesion. Alternatively,
the endovascular specialist can enter a subintimal plane when
crossing total occlusions (e.g., subintimal angioplasty) (Fig.
11.3). With this technique, the wire is directed into an eccentric
plane at the start of the lesion forming a loop in the subintimal
plane. A catheter can then be used to follow the wire until it
re-enters into the true lumen beyond the stenosis or occlusion.
A characteristic “give-way” sensation followed by smooth pas-
sage of the wire and catheter signals the interventionalist that

Figure 11.3. Subintimal angioplasty. A steerable wire is used to
enter the occlusion in an eccentric plane. The wire begins to loop
once in the subintimal plane. A catheter is advanced over the wire
into the subintimal plane. After the wire is felt to re-enter the lumen,
contrast is injected into the catheter to confirm intraluminal place-
ment. The wire is replaced and the catheter is removed. The wire is
maintained past the lesion for the duration of the intervention.
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the true lumen has been re-entered. Contrast must be injected
into the catheter once the lesion has been crossed to confirm re-
entry or positioning into the true lumen of the vessel on the
other side of the target lesion. Once the wire and catheter have
crossed the lesion, a wire exchange can be performed through
the catheter to allow placement of a more substantive working
wire over which the balloon angioplasty catheter can be placed.
Both transluminal and subintimal angioplasty are successful
for treating aortoiliac and infrainguinal disease.

The mechanisms by which PTA dilates a stenotic vessel are
complex. First, balloon dilatation causes a focal dissec-
tion, disrupting the plaque and the artery wall. With rupture
of the plaque and partial separation from the media there is
stretching of the adventitia to increase the cross-sectional
area of the lumen (Fig. 11.4). Second, the intimal plaque
protrudes into the lumen, accounting for the angiographic
appearance of local flaps and dissection channels visualized in
some cases. Third, remodeling occurs by adherence of the
intimal flaps with little change in plaque volume. Thus, long-
term patency depends on sufficient stretching of the vessel
and an adequately remodeled lumen. Restenosis may occur
because of insufficient dilatation (compliance), from extension
of dissection channels into nondilated segments and from
myointimal hyperplasia.

1

Figure 11.4. Percutaneous transluminal angioplasty (PTA). (A)
By the Seldinger technique, a catheter with an internal flexible
guidewire is passed into and gently insinuated through the area
of arterial stenosis. (B, C) The balloon is inflated to several atmos-
pheres of pressure. When the PTA is complete, the arterial lumen
is larger and the local artery is stretched.
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The selection of a balloon for angioplasty is based on the
diameter of the vessel (oversized by 1.1 times) and length of the
lesion. A variety of techniques can be used to measure or esti-
mate the normal diameter of the target vessel so that the
appropriate diameter balloon may be selected. These include
marking tapes and catheters with radiopaque markers at
known distances from one another and use of the known sheath
tip size. Intravascular ultrasound (IVUS) is a newer technology
that allows more accurate measurement of vessel diameter
from within and can also be used to estimate balloon size. Bal-
loon sizes commonly used for peripheral interventions range
from 2.5-10 mm in diameter and 20—-100 mm in length. Often,
for peripheral interventions, a simple over-the-wire approach is
taken with the balloon. When minimal wire movement is
important, and for smaller vessels, the monorail balloon
catheter compatible with a 0.014-inch wire may be chosen
(Fig. 11.1). Just like the monorail catheters described previ-
ously, the monorail balloon devices have a side port for exit of
the wire so that only the initial 20-30 cm of the catheter are
involved with each exchange.

Once the balloon is positioned within the target lesion an
inflation device is used to expand it to a desired pressure.
Every balloon has a nominal pressure at which its full or
prescribed diameter is reached. The rated burst pressure is
the pressure below which the balloon is guaranteed not to rup-
ture with 95% confidence. Typical nominal and burst pres-
sures are 6-8 and 12-16 atmospheres, respectively, and are
affected by the balloon’s compliance or degree of softness.
Highly compliant balloons are softer and track easily due
to their composition but will also expand beyond their desig-
nated diameter and length at higher pressures. For this rea-
son more compliant balloons are generally not effective for
angioplasty of inflexible calcified stenoses. In fact, very large
compliant balloons such as the CODA (Cook, Inc., Blooming-
ton, IN, U.S.A) and Reliant (Medtronic, Inc., Minneapolis, MN,
U.S.A) balloons are useful for gently expanding stent-grafts
after endovascular aneurysm repair and can also be used to
temporarily occlude the aorta or other bleeding or injured
arteries. Noncompliant balloons are stiffer and are better
and more effective for angioplasty of tight stenoses, as they
expand to their predetermined diameter without elongating.
Very rigid or resistant stenoses can occur in some native arte-
rial lesions as well as with in-stent or recurrent stenosis due
to neointimal hyperplasia. These types of rigid or recalcitrant
stenoses may be seen at the venous anastomosis of hemodial-
ysis grafts and may have elastic recoil that does not respond
to traditional angioplasty. Such lesions can be treated with
ultra—high-pressure, noncompliant balloons with rated burst
pressures from 20-30 mm Hg. Alternatively, cutting bal-
loons have several microblades circumferentially positioned
on a balloon, such that longitudinal incisions are made in the
plaque with balloon inflation. This technology can also be
helpful to overcome the rigidity of very fibrous lesions.

C. Stents are tubes composed of a wire latticework that can
be deployed within a vessel in order to overcome elastic recoil
and expand the vessel’s lumen. Stents are broadly categorized
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as either balloon expandable or self-expanding and either
covered or bare metal. Most stents today are composed of
either stainless steal or the metal alloy referred to as nitinol.
Placement of endovascular stents falls into one of two strate-
gies: selective stenting or primary stenting. Selective
stenting refers to the practice of stent placement only in
response to an inadequate technical result seen on completion
angiography following PTA. The usual criteria for selective
stenting are a residual stenosis or dissection from the angio-
plasty that compromises 30% or more of the lumen. The pres-
ence of a residual pressure gradient also indicates a
technically imperfect result and may be an indication for stent
placement. In some cases, the original intent is to primarily
stent the target lesion. The carotid and renal arteries are
common targets for primary stenting, due to its superiority
versus PTA alone in these locations. With improved balloon
and stent technologies and the demonstrated effectiveness of
primary stenting, this practice has become more common in
recent years. In some cases the target lesion may need to be
pre-dilated with an undersized balloon to create a small
channel within the stenosis in order to position the stent. In
these cases the term primary stenting still applies.

Similar to balloons, stents are available in a variety of
lengths and diameters. Typically, the stent is oversized slightly
for the diameter of the vessel and should nearly match the
length of the lesion so that normal segments of vessel are not
stented. In cases of selective stenting, a device that has a 1-2
mm greater diameter than the angioplasty balloon is generally
selected. It is important to recognize the different properties
and applications of balloon-expandable and self-expanding
stents (Table 11.2).

Balloon-expandable stent technology originated with the
Palmaz design. Today these devices are typically made of
stainless steel and are premounted on a less compliant balloon
that matches the diameter and length of the stent. When this
balloon is inflated the stent expands simultaneously and is
deployed at the time of angioplasty. Balloon-expandable stents
can be precisely positioned by the operator, which is critical in
certain locations such as the renal and mesenteric arteries
and aortic arch vessels. Precision and control of placement is
an advantage that balloon-expandable devices have over their
self-expanding counterparts. Balloon-expandable stents can
also be expanded beyond their set diameter (i.e., overexpan-
sion) by inflating a balloon with a diameter 1-2 mm larger
than the stent once it is initially deployed. Overexpansion will
result in some foreshortening of the stent as the lattices
withdraw from the ends as the diameter goes beyond the
designed measurement. These stents are vulnerable to defor-
mation or compression from external forces, and placement of
balloon-expandable devices in locations where they could be
crushed or fractured, such as an extremity, should be avoided.

Self-expanding stent technology stemmed from the origi-
nal Wall stent design and most stents today are made of niti-
nol, a metal that assumes its preformed shape when warmed
to body temperature. Although the initial radial force or
hoop strength of self-expanding stents is not as great as the
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Table 11.2 Bare metal stents are either balloon-
expandable or self-expandable. Different
properties influence their selection for use.

Balloon- Self-
Property expandable expandable
Precision of deployment Excellent Fair
Radial force Very strong Moderately strong
Trackability in tortuous Poor Fair to good
anatomy
Crushable with external Significantly Minimally
compression
Continuous self-expanding No Yes
properties
Can be enlarged beyond Yes? No
set diameter
Conformability to the vessel Absent Excellent?
Flexibility Poor Fair to good

2 Balloon-expandable stents can be further enlarged by using a larger bal-

loon. Self-expanding stents will conform to a smaller portion of the vessel
if a size discrepancy exists. However, an undersized self-expandable stent
cannot be further expanded and is vulnerable to migration.

balloon-expandable devices, the self-expanding component of
the design works to assume the prescribed diameter and
shape over time. In contrast, the balloon-expandable stents,
which have greater initial radial force, do not increase in size
after placement. Self-expanding stents are generally more
flexible than balloon-expandable devices and therefore are
better suited for tortuous anatomy. Common locations for self-
expanding stents include the carotid arteries, arteries of the
extremities, and iliac veins. Intuitively, certain anatomic areas
contain flexion or compression points, and may not be well
suited for stenting. Examples of such locations are the thoracic
outlet, common femoral artery, and popliteal artery. There are
concerns for stent fracture and early stenosis that must be
balanced with the risks of alternative treatment such as sur-
gery. Some interventions can be performed as hybrid, open-
endo procedures in which one portion of the procedure is
open surgical and the other endovascular. An example of this
tactic is a retrograde iliac artery stent before or after an open
femoral artery endarterectomy.

Covered stents are made of a wire exoskeleton covered by
plastic (polytetrafluoroethylene) or fabric (Dacron). Covered
stents are often referred to as stent-grafts and can be used
to reline or to exclude a portion of an artery from the circula-
tion. One such application is the treatment of a pseudoa-
neurysm. A pseudoaneurysm is a localized outpouching
or area of bleeding from a disrupted artery or artery-graft
anastomosis that is contained by only the adventitia or sur-
rounding tissues. Traumatic pseudoaneurysms or arterial
disruptions from penetrating or blunt trauma or from iatro-
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genic injury (post-catheterization) are often suitable for
catheter-based treatment. In these cases a covered stent can
be deployed across the pseudoaneurysm to exclude it so that it
thromboses, while maintaining axial flow through the main
vessel. Similarly, an arteriovenous fistula from penetrating
injury can be successfully treated by placement of a covered
stent on the arterial side, effectively sealing the fistula. Of
course, surgical treatment can also be undertaken for more
complex patterns or clinical scenarios involving these prob-
lems. The choice for catheter-based or surgical therapy is often
influenced by the location of the lesion. Endovascular
aneurysm repair is based on the principle of aneurysm sac
exclusion with modular stent-graft components (see Chapter
15). Along the same lines, covered stents (Viabahn, W.L. Gore
and Associates, Flagstaff, AZ, U.S.A.) have been used as an
alternative to surgery in patients with popliteal artery
aneurysms, with promising early results. The use of covered
stents has recently been extended to occlusive disease, specif-
ically in the superficial femoral artery. A theoretical disadvan-
tage of covered stents in the treatment of occlusive disease is
the coverage of potentially important collateral or side-branch
vessels, although relining of the diseased segment is intu-
itively appealing. A randomized prospective study is under-
way to determine whether covered stents have any advantage
over bare metal stents in treating occlusive disease in the
superficial femoral artery.

D. Miscellaneous catheter-based technologies also have a
niche in the treatment of vascular occlusive disease and in
some cases may act as an adjunct to the more established use
of stents. Some innovative strategies target neointimal hyper-
plasia, the principal cause of mid-term angioplasty failures,
while others focus on removing or vaporizing plaque burden
within the vessel. Cryoplasty is one technology that uses a
combination of angioplasty with freezing in order to enact both
a physical and a biological response (apoptosis) in attempts to
decrease rates of intimal hyperplasia and restenosis. Random-
ized data comparing cryoplasty with standard PTA/stenting is
not yet available. Brachytherapy or radiation in the superfi-
cial femoral artery has shown some benefit in the short-term
prevention of restenosis, but data demonstrating its advan-
tage over the long-term are lacking. Drug-eluting stents
release antiproliferative agents (sirolimus, paclitaxel) and
have been shown to reduce the short-term risk of restenosis in
the coronary arteries. However, drug-eluting stents have not
yet been shown to be superior to bare metal stents in the iliac
or superficial femoral arteries.

“Debulking” technologies such as laser therapy and
atherectomy that vaporize or excise atheromatous plaques
are intuitively appealing. A prospective randomized evaluation
of the excimer laser in the superficial femoral artery (SFA)
failed to show superiority when compared with PTA with selec-
tive stenting, although the need for stenting in the laser
arm was reduced. Additional randomized studies comparing
debulking therapies to PTA/stenting need to be performed
before their widespread use can be advocated. Locations con-
sidered unfavorable for stenting, such as the popliteal artery or
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bifurcation vessels, may benefit from technology that reduces
the need for stent placement.

IVUS allows for internal imaging and measurement of ves-
sels and has a multitude of clinical applications. Because
IVUS images are in cross section, they can provide additional
information not seen on two-dimensional angiography. Techni-
cal results after angioplasty can be assessed using IVUS to
determine if significant residual stenosis or dissection exists
and stent apposition can be assessed for completeness. IVUS
is useful for verifying measurements of length and diameter
for stent-graft repairs of aortic aneurysms. In these instances
the origin of the renal arteries can be identified and the exact
neck diameter can be measured from inside of the aorta and
the presence of plaque or thrombus can also be identified.
IVUS can also be used following catheter-directed thromboly-
sis of deep vein thromboses (DVTSs) to assess completeness of
the therapy and to identify external compression that may
elude venography (e.g., May-Thurner syndrome).

III. Catheter-directed thrombolytic therapy. Despite wide-
spread interest in thrombolytic drugs, their role in peripheral
arterial and venous disease remains relatively selective. Enthu-
siastic reports in the early 1980s have been balanced by more
critical analyses from more recent clinical trials. Although the
authors have used thrombolytic agents in a variety of clinical
settings, it is most often for indications that have been supported
by these randomized trials. Currently, the most commonly used
thrombolytics are urokinase, recombinant tissue plasmino-
gen activator (rt-PA), and t-PA mutants (e.g., reteplase).
Urokinase was withdrawn by the FDA from the market in 1998,
but was reintroduced in 2002. It is currently approved for treat-
ment of pulmonary embolism, although off-label use in the arte-
rial and venous circulation is widespread. The use of any of these
agents must be undertaken with careful consideration of their
pharmacokinetics, indications, and possible complications. The
main complication of pharmacologic thrombolysis is bleeding.
The emergence of mechanical thrombectomy devices provides an
alternative treatment with less risk of bleeding and may be used
in combination with pharmacologic thrombolysis or alone.
A. Pharmacokinetics. Thrombolytics are plasminogen acti-
vators that lead to clot lysis by enhancing the fibrinolytic sys-
tem via conversion of plasminogen to its active form, plasmin.
These agents not only act on plasminogen within a clot but
also on plasminogen throughout the circulation, and systemic
fibrinolysis may result. Streptokinase must first form an
activated complex with plasminogen, which completes the con-
version of excess plasminogen to plasmin. This agent is seldom
used anymore, primarily because of high antigenicity and
allergic response with repeated exposure. Urokinase acts by
directly cleaving plasminogen to plasmin, with a greater affin-
ity for fibrin-bound plasminogen than streptokinase. rt-PA is
currently the most commonly used agent in catheter-directed
thrombolysis and is very specific for plasminogen bound to
fibrin clot. Although systemic fibrinolysis can occur with t-PA;
it happens to a lesser degree than that observed with strep-
tokinase. This advantage reduces bleeding complications.
Reteplase, a third-generation t-PA mutant, has improved clot
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penetration, longer half-life, and faster initiation of thrombol-
ysis compared with rt-PA.

The half-life for most thrombolytic drugs is short: streptoki-
nase, 10 to 12 min; urokinase, 11 to 16 minutes; t-PA, 4 to
6 minutes; and reteplase, 15 minutes. Consequently, the effect
of the drug dissipates rapidly, although depleted fibrinogen
levels may take at least 24 hours to normalize. In the authors’
experience, the need to use e-aminocaproic acid (Amicar;
Xanodyne Pharmaceuticals, Inc., Newport, KY, U.S.A. ) or fib-
rinogen concentrates to reverse the thrombolysis rarely occurs.
B. Indications. Selective use of catheter-directed thromboly-
sis in cases of severe proximal DVTs actively reduces if not
eliminates thrombus burden, thereby preserving venous
endothelial and valvular function. Subsequently, in select
cases, with the appropriate application of catheter-directed
thrombolysis, the severity of post-thrombotic syndrome can be
reduced. Although initial concerns regarding bleeding compli-
cations limited widespread use of thrombolysis, recent data
suggests that serious bleeding mishaps are rare. Furthermore,
the recent and effective use of mechanical thrombectomy
devices (Angiojet, Possis Medical, Minneapolis, MN, U.S.A.)
can reduce the amount and duration of catheter-directed
thrombolysis, further decreasing the risk of bleeding. This ther-
apy is also effective in treating acute axillo-subclavian vein
thrombosis associated with central venous catheters, effort
thrombosis, or thoracic outlet syndrome. In summary, catheter-
directed thrombolysis for the treatment of acute DVT should be
considered in all symptomatic patients with proximal extrem-
ity DVTs, not only for symptomatic relief but also to reduce
long-term morbidity associated with post-phlebitic syndrome.

The benefits of thrombolytic therapy for arterial thrombosis
are controversial. The Surgery versus Thrombolysis for
Ischemia of the Lower Extremity (STILE) trial suggested
that patients with acute limb ischemia (0 to 14 days) who
were treated with thrombolysis had improved amputation-
free survival and shorter hospital stays. Surgical revascular-
ization was more effective and safer than thrombolysis for
patients with chronic ischemia (>14 days). There was no
difference in efficacy or safety between urokinase and rt-PA.
Subgroup analysis demonstrated that patients treated with
thrombolytics for acute bypass graft occlusions had a higher
rate of long-term limb salvage than those with native artery
occlusions. Surgical revascularization fared better for native
artery occlusions. Also of importance, failure of optimal
catheter placement occurred in 28% of patients who were
randomized to lysis in the STILE trial.

The Thrombolysis or Peripheral Arterial Surgery
(TOPAS) trial examined patients with acute arterial occlu-
sions with a duration of less than 14 days. Although amputa-
tion-free survival between thrombolysis and surgery was not
significantly different, two secondary outcomes were interest-
ing. First, patients undergoing thrombolysis had a decreased
need for open surgical procedures, a benefit that extended
into the follow-up period. Second, thrombolytic results again
appeared superior in patients with bypass graft occlusions
compared with those with native artery thrombosis.
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Other uses of thrombolysis for acute arterial occlusion are

situations for which surgery has traditionally poor results, or
for which high operative mortality makes a nonoperative
approach attractive. Acutely thrombosed popliteal aneurysms
with tibial artery thrombosis, thrombosis of autogenous vein
grafts, and lower-extremity arterial embolism associated with
myocardial infarction are examples, although the authors’
experience with thrombolysis in these situations has not been
uniformly successful.
C. Methods. In the setting of arterial or venous occlusion,
catheter-directed thrombolysis occurs as the drugs are deliv-
ered via continuous infusion through a multi-side hole
catheter directly into the thrombus. The infusion catheter is
placed within the thrombus over a selecting wire via standard
endovascular techniques and comes with variable infusion
lengths (10-40 cm). Several different regimens of treatment
are effective and the choice is at the discretion of the endovas-
cular specialist. Urokinase can be given intra-arterially as per
the STILE trial protocol as a 250,000-IU bolus followed by
4,000 IU/min for 4 hours and then 2,000 IU/min for 36 hours.
A lower dose of urokinase at 30,000-60,000 IU/hr may also
be effective. Rt-PA can be effective at relatively low doses
(0.05 mg/kg/h for 12 hours). This dose is lower than that tried
initially in the STILE trial (0.1 mg/kg/h), where higher doses
were associated with more bleeding from puncture sites.
Another reasonable regimen administers even lower doses:
2 mg the first hour, followed by 1 mg/hr, which further mini-
mizes bleeding complications. For reteplase, a clot-lacing dose
of 5 units is recommended and followed by 0.5 to 2.0 units/h.
(Note that rt-PA doses are in mg, and reteplase doses
are units.) The use of thrombolytics intraoperatively has
been described as an adjunctive technique for eliminating dis-
tal thrombus after surgical thromboembolectomy. A single
bolus of urokinase 250,000 IU can be infused directly to the
site of residual thrombus.

Mechanical thrombolysis is a relatively new tool that has
been popularized for the treatment of acute arterial and
venous thrombosis, either alone or in combination with phar-
macologic thrombolysis. The indications are similar to those
for pharmacologic thrombolysis. However, these devices may
be used in patients with contraindications to pharmacologic
agents, such as bleeding diathesis or recent surgery. When
used as an adjunct, these devices may hasten the process of
clot lysis by mechanically debulking a large amount of the
thrombus. The Angiojet is one such device that works by
instilling a high-velocity saline jet into the thrombus, resulting
in a vacuum effect, such that the macerated clot can be aspi-
rated into the catheter. There is a risk of distal embolization
(2-10%) that may be reduced by adjunctive period of pharma-
cologic thrombolysis. Early technical success and limb salvage
with mechanical thrombolysis is promising and comparable
with pharmacologic thrombolysis alone. The Trellis system
(Bacchus Vascular, Santa Clara, CA, U.S.A.) has proximal and
distal balloons that can be inflated to exclude the segment of
vessel to be treated. The thrombolytic agent is instilled into
this segment and a rotating wire macerates the thrombus,
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which is then aspirated. The potential advantages of this
device are the isolation of the thrombolytic drugs and reduced
risk of embolization. Prospective data comparing mechanical
thrombolysis with surgery is not yet available.

Two important laboratory tests to document a lytic state are
measurement of thrombin time and fibrinogen level.
When clot lysis occurs, fibrin split products also generally
rise. However, changes in the constituents of the fibrinolytic
system do not consistently correlate with bleeding complica-
tions. Lower fibrinogen levels and higher partial prothrombin
time (PTT) levels have been linked to bleeding. Hemorrhagic
problems usually occur at the arterial puncture site and are
related to catheter size and manipulation.

When a thrombolytic drug is administered, heparin is usu-
ally administered concomitantly in order to prevent clot accu-
mulation around the infusion catheters and improve the
completeness of thrombolysis. However, heparin may increase
the risk of hemorrhage at the catheter infusion site. The
authors generally start heparin through the sheath at the
onset of regional lytic therapy to avoid pericatheter throm-
bus formation. Low doses from 300-700 units per hour are
typical, and PTT levels can be followed to ensure levels are not
supratherapeutic.

D. Complications. Catheter-directed or regional throm-
bolytic therapy is complicated by bleeding, thrombosis, or
embolism in 10% to 15% of patients. In the authors’ experience,
bleeding at the vessel access site has been the most common
problem. Distal emboli are often small and sometimes can
be resolved with continued thrombolytic administration.
Nonetheless, about 5% to 10% of patients will require surgical
intervention to manage these complications. Unfortunately,
regional low-dose infusions have not eliminated these prob-
lems. The most devastating bleeding complications associated
with catheter-directed thrombolysis are those related to
intracranial hemorrhage. Although this complication is
rare (<1%), it can occur as a result of too high of doses of
thrombolytic drug over too long a period of time and is
particularly prone to occur in the elderly and those with under-
lying hypertension or previous history of stroke. The rare
occurrence of intracranial hemorrhage as a complication
emphasizes the extreme care that must be taken when evalu-
ating potential patients for this therapy and the attention to
detail that must occur among all providers once the therapy is
initiated.
IV. Postangiogram care. Any patient who has undergone
angiography should be monitored hourly for at least 4 to 6 hours.
Most early complications become evident during this time. Nurs-
ing personnel can perform most routine checks, but a physician
or physician assistant/nurse practitioner should also examine
the patient during the recuperative period, as they are on-call for
complications arising outside the hospital after patient dis-
charge. The baseline post-procedure exam is helpful if problems
occur after discharge and should include: (a) evaluation of the
patient’s general appearance and mental status (espe-
cially after cerebral studies), (b) heart rate, (c) blood
pressure, (d) inspection of puncture sites, (e) palpation of
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extremity pulses, and (f) hematocrit if any signs of hem-
orrhage exist.

In addition, adequate hydration must be maintained for 12 to
24 hours, since contrast material causes a diuresis and can lead
to dehydration. The combination of diuresis and the nephrotoxi-
city from the contrast material can cause renal deterioration,
especially in patients with diabetes mellitus or chronic renal
insufficiency. The authors maintain an intravenous infusion for
4 to 6 hours after the angiogram, with alkaline fluids if renal
insufficiency is present. Oral fluids are encouraged for 24 hours
after the procedure to maintain hydration in all patients.

At the completion of a catheter-based procedure, the final step
is access sheath removal. If systemic heparin has been given
during the procedure, time should be allowed for the anticoagu-
lant effect to wear off or protamine may be given to more quickly
reverse the heparin. The primary goal of sheath removal is to
achieve hemostasis at the puncture site, without compromise of
the vessel lumen. Numerous commercial devices, called closure
devices, are available for safe and hemostatic sheath removal
from the common femoral artery. Suture-mediated closure
devices, such as the Perclose ProGlide (Abbott Medical, Red-
wood City, CA, U.S.A.), place a pre-tied knot at the site of the
puncture. The Angio-Seal (St. Jude Medical, St. Paul, MN,
U.S.A)) is a collagen plug that is cinched against the vessel wall
and absorbs within 90 days. The Duett Pro system (Vascular
Solutions, Minneapolis, MN, U.S.A.) achieves hemostasis by the
delivery of a procoagulant thrombin and microfibrillar collagen
mixture into the tract outside of the artery. Rare instances of dis-
tal embolization, femoral artery occlusion, or even early infection
of the suture material with these devices have hampered their
routine usage by many providers. The overall complication rate
associated with closure devices is 2-3% and appears to be
decreasing as experience with them increases. Although these
devices reduce time and energy expenditure, they do add to the
overall cost of the endovascular case. For these reasons, some
endovascular specialists prefer the use of manual pressure, held
to the artery for 15-20 minutes after sheath removal. External
pressure devices, such as the FemoStop (Radi Medical Systems,
Wilmington, MA, U.S.A.), may also be used as an adjunct to
sheath removal and are especially helpful in some instances
in which long periods of pressure are indicated. The danger of
such devices is that they tend to apply more diffuse and not focal
pressure, which is less effective at achieving hemostasis and can
lead to a false sense of security among the attending team.

If manual pressure is used to achieve hemostasis following
sheath removal, the patient should lie flat with the head slightly
elevated for 46 hours afterward. In the authors’ experience,
patients dislike this portion of the procedure because they find it
difficult to lay flat for a prolonged time. Following this period,
they are allowed to ambulate under close observation and most
patients can be discharged shortly thereafter. Closure devices
allow the patient to return to ambulation within a couple hours,
much sooner than with manual pressure.

V. Complications.

A. Neurologic deficits. Aortic arch and selective cervical

arteriography can rarely result in transient or permanent
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neurologic deficits that may be delayed, or occur minutes to
hours after the angiogram. Neurologic deficits that happen
during the study are most likely embolic from dislodged
atheroma or catheter thrombus. Meticulous care must also be
taken during arch and carotid angiography to assure that no
air is injected through the imaging catheter, as air emboliza-
tion is a recognized cause of neurologic complication during
these procedures. Delayed neurologic deficits may also be sec-
ondary to hypoperfusion or thrombosis associated with con-
trast-induced diuresis and dehydration. Urgent carotid
endarterectomy should be considered in the event of an imme-
diate neurologic deficit on the side of a tight carotid stenosis,
especially if a post-procedure duplex scan or arteriogram con-
firms that the internal carotid artery has occluded suddenly.

Sometimes the neurologic change is subtle, such as confu-
sion, mild facial paresis, dysarthria, or dysphagia. If the neu-
rologic deficit is not recognized for several hours (>4 hours)
and is not resolving, the patient probably has suffered a
stroke. Emergency endarterectomy may not be advised in such
cases, since it may worsen neurologic deficits by changing an
ischemic infarct to a hemorrhagic infarct. A CT scan or MRI
should be done in 12 to 24 hours to define infarct areas,
intracranial hemorrhage, and edema. Patients with transient
neurologic deficits should be given antiplatelet agents (aspirin
or clopidogrel) and a duplex ultrasound to rule out carotid
thrombosis.

If a cerebrovascular accident has occurred, several meas-
ures can help minimize cerebral edema and stroke progres-
sion. Intravenous fluids should be limited to maintenance
levels (1 mL/kg/h) so that cerebral edema is not worsened by
excessive hydration. Systemic anticoagulation to prevent dis-
tal internal carotid clot propagation should be considered if
there are no signs of intracerebral hemorrhage.

B. Hemorrhage. Small hematomas and ecchymosis at the
access site are not uncommon; however, expanding hematomas
indicate continued bleeding into the perivascular spaces. The
first treatment for a hematoma should be the reapplication of
manual pressure for 15-30 minutes. Significant hypertension
or coagulopathy should be corrected, as these both contribute
to bleeding from the puncture site. Expanding or pulsatile
hematomas should be evaluated immediately by ultrasound.
Often, an active pseudoaneurysm can be closed by ultrasound-
guided compression or ultrasound-guided thrombin injection.
In some patients an acute arteriovenous fistula may also
resolve with ultrasound-guided compression. After brachial
puncture, any hematoma that compresses the brachial
plexus, causing pain or other neurologic change, should
be decompressed in the operating room. Significant
retroperitoneal hemorrhage can also occur after angiography,
particularly with a high femoral or external iliac artery access.
Early indications of such bleeding may be persistent back pain,
tachycardia, hypotension, and anemia. Flank ecchymosis is a
delayed finding. Abdominal CT scan will demonstrate a pe-
riaortic or psoas muscle hematoma, and treatment is initially
supportive: correction of coagulopathy, transfusion, and
bedrest. Most episodes of retroperitoneal bleeding will have
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resolved by the time they are discovered. Ongoing bleeding or
instability indicates a significant femoral or iliac injury and
indicates immediate angiography or surgery. Repeat arteriog-
raphy and placement of a covered stent can sometimes be used
to seal the leaking vessel.

C. Diminished or absent pulses (compared with baseline)
following the angiogram suggest partial or complete arterial
occlusion. Although arterial spasm may occur, it is rarely the
cause of diminished pulses that persist beyond 30 to 60 min-
utes. The most common causes of compromised extrem-
ity blood flow after angiography are: (a) arterial injury
(intimal flap), (b) a clot stripped off the catheter, (c)
arterial occlusion associated with a misplaced percuta-
neous arterial closure device, and (d) compression by a
hematoma in the arterial wall or extrinsic to it. Stent
thrombosis can rarely occur in the early post-intervention
period and is usually secondary to a technical defect, poor
inflow or runoff, or failure to administer antiplatelet therapy.
Antiplatelet therapy with at least aspirin is recommended
after angioplasty and/or stent placement to reduce the throm-
botic risk on a freshly injured endothelial surface. Clopido-
grel (Plavix) is often prescribed in addition to aspirin after
catheter-based interventions at a dose of 75 mg daily. Loading
doses of 300 mg are administered in some cases, when the
patient is not already on steady-state dose. The added benefit
of clopidogrel in preventing thrombosis after intervention is
not known, but warrants further investigation. Clopidogrel is
often prescribed for locations where stent thrombosis would be
disastrous, such as the carotid artery.

The acutely ischemic extremity that is painful, pallid, and
pulseless requires emergent revascularization. In contrast, an
intimal flap may diminish but not obstruct arterial flow. The
extremity will be asymptomatic, but pulses and Doppler pres-
sures (ankle-brachial index) will be diminished compared with
those prior to the angiogram. Such asymptomatic cases with
mild pressure reduction (10 to 20 mm Hg) can initially be
managed nonoperatively. Angiogram or duplex ultrasound
should be performed to confirm the diagnosis. Small intimal
flaps usually will adhere to the arterial wall and resolve in
several days to a few weeks. Systemic heparinization for 24 to
48 hours followed by antiplatelet drugs for 4 to 6 weeks has
been a successful regimen in our experience. Ankle-brachial
indices at rest and after exercise can be followed to document
improvement or deterioration. However, we emphasize that
the presence of any ischemic symptoms and the absence of
previously palpable pulses require emergent intervention to
restore normal extremity circulation.

D. A pulsatile mass at the access site represents either a
hematoma transmitting a pulse from the artery underneath or
a false aneurysm (pseudoaneurysm). This is a difficult dis-
tinction to make in the early post-procedural period and a
duplex ultrasound is diagnostic. In some situations, small
(<3-4 cm) acute hematomas can be eliminated by ultra-
sound-guided compression. Although this process may
take more than an hour and can be uncomfortable for the
patient, the success rate is over 90%. Small pseudoaneurysms
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frequently resolve with time and should be reimaged with
ultrasound at a month. Pseudoaneurysms that are initially
missed and then noted at a later examination should be
repaired about 6 to 8 weeks after the arteriogram. By this
time, local inflammation generally has resolved and dissection
and repair may be easier. Chronic pseudoaneurysms have a
developed capsule that is not likely to resolve with ultrasound-
guided compression. If the pseudoaneurysm has a narrow
neck, as many do, ultrasound-guided injection of throm-
bin (0.1 cc at a time of diluted 5,000 IU in 5 cc) is often a very
effective means of treatment, as flow in the pseudoaneurysm
will cease with administration of a small amount of thrombin.
Any postarteriogram hematoma that suddenly causes pain
and local subcutaneous hemorrhage is a ruptured pseudoa-
neurysm and usually requires urgent surgical evacuation and
repair of the artery. Pseudoaneurysm rupture is most likely to
occur within 7 to 10 days of the initial angiogram. For this rea-
son, it is the authors’ suggestion that all patients with local
hematomas remain close to a surgical facility during this time
E. Infection. Local access site infection is unusual with
meticulous sterile technique. Such technique should include
(a) cleansing the site with a surgical scrub soap before the
study, (b) standard sterile preparation at the time of the study,
and (c) standard surgical attire for members of the angiogram
team. If present, superficial pustules at the skin puncture site
should be incised, drained, and cultured. If cellulitis extends
around this site, oral or parenteral antibiotics should be
started. Most local infections will be secondary to hospital-
acquired Staphylococcus aureus or Streptococcus. Abscesses
should be incised and drained in the operating room, since
hemorrhage from an infected artery may occur and require
repair or ligation. Any elective synthetic bypass, espe-
cially aortofemoral grafting, should be postponed until
local groin infections are resolved completely.
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cHAPTER 12

Basic Fluoroscopic Concepts
and Applied Radiation Safety

Most vascular patients who require an intervention for the sever-
ity or refractory nature of their disease will eventually undergo
some type of angiographic procedure in the endovascular suite or
operating room. Fluoroscopy, which refers to the digital
or photographic formation of images using electromag-
netic radiation, is the main principle behind angiography,
which pertains specifically to imaging of the blood ves-
sels. With the aid of devices and contrast material within the
vessel lumen (i.e., endovascular), fluoroscopy becomes angiogra-
phy and allows the provider to see the contour of the vasculature
to diagnose, quantify, and even treat disease. Simply put, elec-
tromagnetic radiation applied with the techniques of angiogra-
phy allows the provider to have x-ray vision of the patient’s
vascular system. While angiography has led to remarkable
advances in the treatment of vascular disease, its expanded use
must be viewed in balance, with recognition of the potentially
harmful effects of radiation to both the patient and provider.

This point is relevant given that much of the recent enthusi-
asm for angiographic procedures has outpaced provider aware-
ness of basic radiation terminology and radiation safety. In
contrast to even a decade ago, when most angiographers had for-
mal instruction in radiology and were dedicated to interven-
tional fluoroscopic procedures, today’s endovascular specialist
has a more diverse training and practice background. Although
well versed in the natural history of vascular disease and the
range of management options, today’s vascular specialist may
not have had dedicated schooling in radiation science. In lieu of
such formal training, basic concepts are often passed down to
trainees by mentors who may not stress a basic understanding
of a few key radiologic principles. While practical, this method
may not be ideal in a time when the number and complexity of
endovascular procedures is increasing along with the diversity of
providers enlisting to perform them.

The intent of this chapter is to recognize this important aspect
of vascular care and to present basic radiation terms and con-
cepts including the effects of radiation on patients and providers.
Basic steps toward radiation safety are presented, including
steps to minimize radiation risk. To cover the entire field of
interventional fluoroscopy is beyond the capacity of this chapter
and therefore the reader is encouraged to use this as a primer to
familiarize and to stimulate additional reading.

I. Basic radiation concepts.

A. X-rays are a form of electromagnetic radiation. The

main characteristics of x-rays are similar to those of visible

light and radiation is frequently quantified in a unit called a

photon. A single photon is a quantum of electromagnetic

radiation containing a defined amount of energy, in
this instance defined in terms of electron volts (eV)

148



Chapter 12. Fluoroscopic Concepts and Radiation Safety 149

Table 12.1. Basic radiation terminology

Term Definition Unit of Measure

Electromagnetic A form of energy emitted Photons or
radiation from a source electron volts

Radiation dose Amount of energy Gray
absorbed from the radi-
ation source at a point
divided by the mass of
the tissue at that point

Quantity dose A quantity defined for Sievert
equivalent radiation protection
purposes that expresses
on a common scale for
all types of radiation
the irradiation incurred
by exposed persons

Exposure A measure of the quantity KERMA
of radiation present at a
particular location and
formally determined by
air ionization

KERMA, kinetic energy released per unit mass of air.

(Table 12.1). The stronger the radiation source, the more pho-
tons per second can be produced. It takes thousands of x-ray
photons per square millimeter to form a single fluoroscopic
frame that is thousands of times greater than the energy con-
tained in a photon of visible light. X-ray photons used for imag-
ing have energies that range from 10,000 to 150,000 eVs. The
source of radiation or x-ray tube converts electrical energy into
electromagnetic quanta and heat is generated as a side prod-
uct. Radiation is the transport of this energy away from the x-
ray tube by these electromagnetic quanta. It is important to
remember that the intensity of an x-ray beam decreases
inversely as the square of the distance between the
source and the measuring point (e.g., the greater the
distance, the less the beam intensity).

B. Radiation units and quantities are found in the
International System (SI) of Units and include the
important unit of radiation dose, referred to as the gray
(Gy). Radiation dose is the amount of energy absorbed from
the radiation source at a point divided by the mass of tissue at
that point (Table 12.1). Surprisingly a very small amount of
energy is actually absorbed by or deposited into tissue during
medical procedures. In fact, the amount of energy absorbed
by tissue is similar to the amount of radiation energy absorbed
by the surrounding air. 1 gray (Gy) = 1 joule of energy
absorbed per kilogram of material. A gray is a large unit
of radiation. In relation, radiation therapy doses are in the
1-2 gray range meaning that 1-2 joules of energy are delivered
per kilogram of radiated tissue. In contrast, a standard chest
x-ray delivers a dose of approximately 100 pnGy.
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Table 12.2. Maximum permissible doses

Occupational Exposures

Whole body exposures: effective dose limits 20-50 mSv/yr

Partial body exposure: equivalent dose
annual limits for tissues and organs

Lens of the Eye 150 mSv/yr
Hands 500 mSv/yr

mSv, millisievert or 1/1,000t" of 1 sievert.
(From the United States National Commission on Radiation Protection and

Measurements and the International Commission on Radiation Protection)

Taking into account all forms of radiation, including natu-
ral, industrial, nuclear, and others, different types of radiation
produce vastly different biological effects for the same number
of Gy or dose. So the quantity dose equivalent (H) was
developed to account for this range for radiation protection
purposes and is expressed in units called sieverts (Sv). The
dose equivalent expresses on a common scale for all forms of
radiation the amount of irradiation incurred by exposed per-
sons and was established by means of an experimentally
defined quality factor. While quality factors for some forms of
radiation are as high as 20, conveniently the quality factor for
medical x-ray energies is 1: 1 Sv = 1 Gy X quality factor.

Finally, the term exposure refers to the strength or

quantity of the radiation field at a given point (Table
12.1). Most SI measurements of exposure are actually meas-
urements of air dose, which, as was previously noted, has very
similar absorption properties to human tissue. Therefore, our
standard measures of “exposure”are actually measures of the
x-ray beam’s ability to ionize air caused by the small amount of
absorbed energy. The working unit of exposure is the kinetic
energy released per unit mass of air acronym (KERMA),
which is a measure of the energy extracted from the x-ray
beam by air. The unit of measurement for exposure is also the
gray. Note that the unit measure of exposure was formally
referred to as the Roentgen (R) which was the measure of ion-
ization produced per one gram of air. An air-KERMA of 1Gy
corresponds to an exposure of 114 R.
C. Radiation measuring device. A radiation measuring
device called a dosimeter is necessary to determine the
dose of radiation emitted by any given source at a
particular location. Dosimeters come in different forms,
depending upon the type and amount of radiation that will be
monitored or measured. Some basic instruments directly meas-
ure the ionization produced in a defined volume of air (i.e.,
KERMA) within a cylindrical instrument called an ionization
chamber. The Geiger counter is another type of radiation detec-
tion device, which uses a Geiger tube and associated electrical
display components. While these devices provide an accurate
representation of soft tissue dose, they are not designed to
monitor lesser amounts of exposure to patients or providers on
a routine basis.
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The more familiar and clinically practical dosimeters are
available on clips to be worn by providers and or patients in
the endovascular suite or operating room. These devices are
often thermoluminescent, which means that the amount of
radiation exposure to that point on the dosimeter is deter-
mined by the degree of color change in the device (i.e., the
greater the radiation exposure the greater the change in
color). These dosimeters, sometimes referred to as radiation
badges, are used to sample radiation levels at various loca-
tions on the provider and should be recorded or logged each
month. Typically, these dosimeters are worn in three locations
on the provider to assess exposure and to assure effectiveness
of the lead shielding. Specifically, they should be worn on the
collar outside of the thyroid shield of the neck, at the waist
outside of the lead apron, and at the waist underneath the
lead apron. These dosimeters report their dose in sieverts and
most have a minimal detectible level of 0.01 millisievert
(mSv). The safety dose limits for occupational exposure with
respect to different body areas (e.g., neck, body, and hands)
recommended by the United States National Commission
on Radiation Protection and Measurements and the
International Commission on Radiation Protection are
provided in Table 12.2 and are defined using mSv per year.
D. Components of basic imaging and the fluoroscopic
device. It is important for the provider to have an under-
standing of the components of a fluoroscopic system in order
to be effective in the endovascular imaging suite while mini-
mizing radiation exposure to all persons in the room. The
basic setup of a fluoroscopic system is diagrammed in
Figure 12.1 and includes a generator and controls, an
x-ray tube, a collimator, and an image receptor or
image intensifier. The purpose of the generator and its con-
trols are to convert available electrical power into the exact
form needed to operate the x-ray tube, which is typically
underneath the patient (Fig. 12.1).

The x-ray tube is a lead-shielded device with an exit
port positioned toward the patient that converts the
electrical energy from the generator into x-rays. This
process is very inefficient, with less than 1% of the applied
electrical energy converted to x-rays and the remaining 99%
converted into heat. Although x-ray tubes are designed to han-
dle this heat byproduct they can “overheat,’especially during
longer endovascular procedures, which results in an aggravat-
ing system shutdown. Several maneuvers can be implemented
by the endovascular specialist to minimize heat production.
These same maneuvers reduce the amount of radiation used
during a given case, which makes their judicious use even
more appealing. Specifically, the use of “pulse,” instead
of the continuous mode of imaging, and reducing the
frames per second reduces the amount of heat pro-
duced by the x-ray tube. Also, moving the patient as close
as possible to the image intensifier automatically decreases
the strength of the x-ray beam and therefore the amount of
heat generated. While the first two of these simple maneuvers
may reduce the quality of the image, they are suitable for
certain, less complex aspects of the endovascular procedure.
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Figure 12.1. Basic components of a fluoroscopic system including
x-ray generator and controls, x-ray tube, and image receptor or
intensifier. The dark hatched objects represent lead shields that
accompany most imaging units and tables.

Moving the patient close to the image receptor or intensifier
actually widens the field of imaging and slightly improves its
clarity. Finally, high level fluoroscopy uses an even higher
intensity of energy to generate more detail and should be
used very rarely and only when such degree of image detail
is necessary.

The x-ray beam collimators control and minimize the
size of the x-ray beam, and when used effectively will
decrease radiation dose and scatter during an endovas-
cular procedure. These tools are important because x-rays
are emitted uniformly from the generator and are designed to
radiate the entirety of the image intensifier, sometimes irradi-
ating a field larger than the image receptor. By focusing or
collimating down to only the area of clinical interest, the radi-
ation field and scatter are reduced while subject contrast is
improved and the image quality enhanced. Radiation scat-
ter is the secondary radiation that arises after the x-ray
beam contacts the patient. These photons of electromag-
netic radiation are less intense than the primary x-ray beam
but still constitute a radiation risk. Scatter is always more
intense on the side where the x-ray beam contacts the patient.
This side of the imaging setup is referred to as the zone of
high intensity scatter, which is often underneath the imaging
table (Fig. 12.2). The area between the patient and the image
receiver constitutes the zone of low intensity scatter. Under-
standing these zones will help the provider and assistants
effectively position and shield themselves in the endovascular
suite or operating room to minimize radiation exposure.
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Figure 12.2. Zones of high- and low-intensity radiation scatter in
relation to the x-ray beam and patient position. Note the zone of
high intensity scatter is on the side where the radiation strikes
the patient, which is under the imaging table in this figure.

The image intensifier, also referred to as the image recep-
tor, is an electro-optical device that captures and converts
an x-ray image into a visible form. The size of the image inten-
sifier has steadily increased with technology, which permits
clearer and more comprehensive imaging of the abdominal,
thoracic, and peripheral vessels. However, with such large
image intensifiers—most are now at least 12 to 15 inches in
width—use of collimators becomes even more important in
order to focus the radiation field to clinically relevant areas.
Moving the patient toward the image intensifier will
broaden the image field and reduce intensity of the
radiation beam and the amount of scatter (Fig. 12.1).

The endovascular specialist should develop a checklist in
his or her mind pertaining to these simple components of the
fluoroscopic system for optimization of images and reduction
of radiation exposure. A review of the following points prior to
any imaging series will serve the provider, the patient, and
others in the room well during endovascular procedures:

. Collimator position

. X-ray beam setting (i.e., continuous versus pulsed)

. Frames per second

. Position of the patient in relation to the image intensifier
. Use of appropriate lead shielding

QU QO DD =
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II. Radiation biology, including genetic and carcinogenic

effects of radiation.
A. Radiation effects on human tissue are referred to as
either deterministic or stochastic. Deterministic effects
have a radiation threshold below which there is no probability
of harmful radiation. However, once the threshold has been
reached there is a direct relationship between further radia-
tion dose and the adverse biological effect. In contrast, the sto-
chastic effect is related more to chance than to a known effect
of an increased dose up to and beyond a threshold. An example
of this is a mutation occurring from a single or random dose of
radiation that results in a mutation leading to malignancy.
B. Direct and indirect ionization. Absorption of radiation
by living cells can result in an interaction with an important
target molecule in one of two ways, direct or indirect. Direct
ionization means that the energy from the x-ray is
directly absorbed by the target molecule. Indirect ion-
ization refers to x-ray absorption and damage to the
water around the molecule. The indirect radiation and
breakdown of water within living cells and tissue is called
radiolysis, which results in the formation of damaging ions
called free radicals. Studies have shown that radiation dam-
age to living tissue occurs mostly (about 80%) from indirect
radiation, while the minority (about 20%) occurs as a result of
direct radiation effects.
C. A variety of molecules or cellular structures can be
affected by radiation, although DNA appears to be the
main target. DNA, which exists in the form of a double helix
structure within the nucleus of the cell, contains the operation
plans for cellular life as well as the genetic code for reproduc-
tion. Direct or indirect radiation damage can break the struc-
ture of DNA so it is unable to program these activities. While
most cells can repair minor or single strand breaks in the
DNA, more significant injury to both strands of the double
helix often results in permanent damage.

The effect of radiation on cells is influenced by how rapidly
they are proliferating and the sensitivity of specific cell types
to radiation. In general, rapidly dividing cell types such as
skin cells are more sensitive to radiation than cell types that
are less active. Other organ types that are known to be sensi-
tive to radiation exposure are the thyroid, the breast, the lens
of the eye, the lung, and the bone and bone marrow. Two
modes of cellular death can occur after exposure to
radiation: reproductive death and apoptosis. Reproduc-
tive death refers to proliferative cells that have sustained var-
ious levels of DNA injury—some of which may be repaired
initially—that ultimately results in failure to proliferate and
cell death. Apoptosis is programmed cell death, which is a
more uniform and active process in which organized cellular
events take the cell down a definite path of demise.

D. Radiation biology is the study of how living cells
and organisms react to radiation. At the cellular level, one
can conceptualize one of four outcomes that can occur follow-
ing radiation exposure or damage.
1. Ifthe damage is to critical cellular components, or is
too great, the cell can no longer function and dies.
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2. Some radiation damage may be repaired fully by the cell
with no identifiable adverse effects.

3. The damage may be repaired and the cell survives, but
with decreased function or capacity.

4. Damage may be partially or incorrectly repaired result-
ing in a mutation. In this last group of radiation induced
cellular injury, a malignancy or cancer can develop years
later. Genetic mutations can occur in cells that are
damaged by radiation but do not die or repair them-
selves correctly following exposure. A gene mutation
from radiation occurs due to a nonlethal, nonrepaired flaw
in the DNA, which results in a failure to produce a protein
that is necessary to support or control cell proliferation. In
instances where the mutation results in failure to control
or shut off a cell line these cells will proliferate unchecked,
resulting in malignancy or cancer. Although the under-
standing of the link between radiation exposure and cancer
is relatively limited, there are specific types of cancers
known to be related to radiation exposure.

It is important for the vascular provider to realize that
the levels of radiation exposure associated with cancer
are generally much higher than those encountered during
medical fluoroscopy. However, they are worth noting if for
no other reason than to underscore the seriousness of radi-
ation exposure and the importance of protective measures.
The thyroid gland may be the most radiation-sensitive tis-
sue and is known to be associated with radiation-induced
malignancy. The first human cancer to be linked to radia-
tion exposure was skin cancer, which continues to receive
considerable attention given its prevalence and relation to
sun exposure. Other forms of cancer that have a recognized
association with radiation exposure include bone cancer,
lung cancer, and leukemia (i.e., bone marrow).

E. Radiation injury with the use of medical fluo-
roscopy occurs most commonly in the skin and the lens of the
eye. This is because radiation exposure to providers and
patients occurs at the surface where radiation first makes con-
tact. Skin injury from radiation is particularly prone to occur
in those with underlying collagen vascular diseases such as
lupus erythematosus and scleroderma and those with diabetes
mellitus. Skin injury can range from mild erythema and hair
loss, which result from as little as 2-3 Gy, to dermal atrophy,
induration, and even necrosis, which can occur with doses in
the 10-15 Gy range.

Cells that make up the lens of the eye are also prone to radi-
ation injury, which causes them to lose their clarity or lucency.
Because these cells are continually produced and form
layers on the lens over time, if a significant number are
adversely affected an opacity, or cataract, can form. A
cataract may or may not impair vision and generally requires
radiation doses in excess of 1Gy delivered at one time in an oth-
erwise healthy lens. The threshold for induction of cataracts is
greater when the radiation exposure is in lower doses over
extended periods. The time between radiation exposure and
diagnosis is delayed, often more than five and 10 years for
cataracts caused by lesser doses received over extended periods.
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III. Practical radiation safety. With the above concepts of
fluoroscopic imaging systems and radiation biology in mind, the
goal in the interventional suite is to facilitate indicated patient
care while minimizing the risk of radiation exposure. Under-
standing the risk of radiation exposure underscores points made
throughout this book that indications for angiographic proce-
dures must be sound and that noninvasive alternatives should
be explored. Assuming that the endovascular procedure is indi-
cated or must be performed to provide optimal care for the vas-
cular patient providers should expect or be willing to
accept a risk of radiation exposure that is as low as rea-
sonably achievable (ALARA).

Regulatory authorities define a maximum permissible dose of
radiation per year (Table 12.2). These levels are an absolute
maximum, which no individual provider should come close to on
an annual basis. Establishing the lowest level (i.e., ALARA) is
somewhat arbitrary, but should be a number that careful
providers know and strive for in their practice. For example, in
well-designed endovascular rooms providers usually have total
body doses of 0.5-15 mSv per year. For providers to consistently
meet an established ALARA goal requires some amount of
discipline and good endovascular habits, some of which have
been mentioned briefly in previous sections. The five main oper-
ational factors to reduce radiation dose that each provider
should consider prior to any endovascular procedure are: dis-
tance, time, shielding, beam management, and situational
awareness (Table 12.3).

A. Beam management by the primary operator
includes stepping on the pedal and producing x-rays
only when necessary. The temptation to stay on the pedal
or to inadvertently step on the pedal when no provider is look-
ing at the image screen should be eliminated. This often
requires a team effort and a willingness to remind the primary
operator to stay “off of the x-ray” when this occurs. Collimat-
ing the x-ray beam to tightly image only the necessary
anatomy reduces the intensity of stray radiation and increases
the quality of the image. Use of low-dose or pulsed imaging is
also a useful beam management tool that reduces radiation
dose during the initial or final parts of some procedures.

B. Situational awareness includes providers and sup-

porting staff knowing when the fluoroscopic unit is

active. This is typically keyed by a light and a characteristic
noise, but the primary operator should also state that he
or she is ready to begin the imaging so that everyone in the
room is aware. Typically there is a light on the outside of the
endovascular room to alert those who may consider coming

Table 12.3. Elements of practical radiation safety

Beam management

Situational awareness

Distance

Time

Shielding (structural and wearable)
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into the room that imaging is taking place. The primary oper-
ator needs to be aware of the position of his or her technicians
and other assistants in the room so that imaging does not
occur while a nurse is tending to the patient in direct line or
in close proximity of the x-ray beam.

C. Distance from the radiation source should be maxi-
mized understanding that doubling the distance from
the source of radiation decreases the intensity fourfold.
For example, increasing one’s distance from the emitting beam
from 1 to 2 meters decreases the intensity from 100 mGy/hr to
25 mGy/hr. Patient proximity to the image receiver or imaging
intensifier is also important to consider. An increase in the dis-
tance between the patient and the image intensifier increases
the required x-ray beam output and scatter. Positioning the
patient close to the image intensifier (Fig. 12.1) is a easy way
to reduce radiation requirements and exposure risk.

D. Time of radiation use is also a key component to
operational safety and is closely related to beam man-
agement. Time in this context relates both to the operators’
initiation of the x-ray beam and time that assisting staff are in
areas of higher radiation risk. Familiarity with the system is
important in order to maximize tools such as last image hold,
replay, and adjuncts that can accentuate certain aspects of the
previously taken and stored image. Use of these adjuncts max-
imizes clinical decision making with the fewest number of flu-
oroscopic images and radiation time. Finally, the alarm that
sounds with each 5-minute interval of time should serve as a
reminder for the primary operator that judicious use of fluoro-
scopic time is an important part of operational safety.

E. Shielding comes in all shapes and sizes, including
fixed shields that come from above to rest between the pri-
mary operator and the patient and those that hang from the
imaging table itself (Fig. 12.1). Shields should also be avail-
able for assisting staff members to stand behind during the
imaging. Ideally, most team members should be able to pro-
vide their assistance (e.g., record the case log) outside of the
imaging room. These individuals can enter the room to provide
supplies or patient adjustments when the beam is off.

The lead apron, the mainstay of wearable shielding, is at
least 0.5 mm thick and provides a barrier between the radia-
tion source and the provider. This form of shielding should be
updated occasionally and is ideally fitted to the individual.
Shielding can be compromised if the apron is ill-fitted or out-
dated, as the lead shielding elements could be fractured. Most
current two-piece aprons are considerably lighter than older
models, offering more comfortable shielding with less associ-
ated musculoskeletal aches and pains. An extension of the lead
apron is the thyroid shield, which should also be at least 0.5
mm thick and worn consistently during fluoroscopic proce-
dures. Lead garments should ideally be imaged annually to
look for cracks or defects in the shielding. Any defective shields
should be updated. Leaded eyeglasses should complete the
shielding assembly. Although their effectiveness in preventing
radiation-induced cataracts may be debated, some form of pro-
tective eyewear is required for compliance with universal pre-
cautions and leaded glasses should be the component of choice.
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SECTION V

Disease-Specific
Logical Care Outlines

cHAPTER 13

Great Vessel and Carotid
Occlusive Disease

Today, the incorporation of medical management and that of open
and endovascular therapies for cerebrovascular disease makes
the vascular specialist an integral member of the health care
team treating these patients. The necessity of this involvement
has been proven by the success of carotid, aortic arch branch, and
vertebral artery revascularizations for the relief of symptomatic,
stenotic, or ulcerated arterial lesions, aneurysms, and vascular
tumors located in these vessels. The vascular and endovascular
surgeon may also be consulted to evaluate patients with asymp-
tomatic cerebrovascular disease, to provide a risk assessment as
well as to help determine the appropriateness of intervention for
stroke-risk reduction. Currently, evaluation and analysis of the
selection and performance of carotid angioplasty and stenting
(CAS) versus carotid endarterectomy (CEA) and medical man-
agement continues to alter the landscape in which extracranial
cerebrovascular disease is treated.

In this chapter, common clinical presentations that suggest
extracranial brachiocephalic, carotid, or vertebral artery disease
are discussed. Certain principles of current care that facilitate
an appropriate, smooth, and safe procedure for the patient are
highlighted. Finally, the management of the most common early
and late complications of carotid interventions is summarized.
I. Common clinical scenarios.

A. Symptomatic carotid disease. Symptomatic carotid oc-

clusive disease consists of transient ischemic attacks (TIA)

and stroke, or cerebrovascular accident (CVA). The socio-
economic, health care administrative, and individual health
care importance of stroke is clear. In the United States, over

700,000 cerebrovascular accidents occur annually and result in

160,000 deaths. In the United States there are roughly 4 mil-

lion stroke survivors with varying degrees of disability and

the yearly economic burden of stroke is around 45 million dol-
lars. Worldwide stroke is the second leading cause of death,
estimated to occur in just over 5 million people per year.

Approximately two-thirds of cerebrovascular accidents are due

to thromboembolic events, and extracranial atherosclerosis is
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the major contributor. The anatomic distribution of cere-
brovascular atherosclerosis has been studied, and the break-
down by location in those with disease is as follows: carotid
bifurcation 38%, intracranial 33%, arch-branch based 9%, and
proximal vertebral 20%.
1. Symptom classification. Classically, a TIA is defined
as acute neurologic symptoms lasting less than 24 hours
that completely resolve. However, the duration usually is
measured in minutes, not hours. The term reversible ische-
mic neurologic deficit (RIND) has been used to describe
neurologic symptoms that last longer than 24 hours but
then rapidly resolve. CVA is defined as neurologic symp-
toms lasting longer than 24 hours with evident structural
infarction. The term crescendo TIA, or stuttering TIA, is
used when TIAs occur more frequently (progressive over
24-48 hours), yet there remains complete reversal of neu-
rologic symptoms in between. Stroke-in-evolution is
when there is no resolution of symptoms, but rather they
wax and wane indicating ongoing neuron ischemia and
neural tissue at risk of infarction. These are highly unsta-
ble situations. Symptoms reflective of thromboembolic
events due to disease in the carotid artery or anterior cir-
culation include hemiparesis, hemiparesthesias, transient
monocular blindness (amaurosis fugax), or difficulties
with speech (aphasia).
2. Outcomes of TIA. Approximately 75-80% of patients
who suffer a stroke have had no type of preceding transient
neurologic symptoms. However, the corollary is that if a
patient experiences a TIA, the risk of stroke is significant.
Studies have delineated a 30—50% 5-year risk of stroke once
TIA occurs. In fact, recent evidence suggests that a signifi-
cant proportion of this risk occurs within the first several
weeks after TIA with, perhaps, a 10-25% risk of CVA
within 1 month of the event. Some have even suggested
that 5-10% of this risk is within hours of the event. It is,
thus, critical to identify and evaluate these patients. Unfor-
tunately, TTAs are not specific for the presence of significant
carotid artery stenosis or ulcerated plaques. Only about
50% of patients with TIAs will have a tight, or hemodynam-
ically significant, carotid stenosis (<2 mm; =50%), occlusion,
or ulcerated plaques. The remaining 50% of patients have
thromboembolism from other sources such as the heart, aor-
tic arch, intracranial vascular disease, or no clearly evident
etiology. TIAs from alternate site thromboembolism or
hypercoagulability also commonly lead to stroke. However,
patients with no evident etiology for their TIAs and rela-
tively normal carotid arteries on evaluation usually follow a
more benign course; they seldom suffer a stroke.

TIAs may be either hemispheric or retinal in nature. In
approximately 25% of patients presenting with sympto-
matic carotid bifurcation atheroma, visual disturbances are
the presenting symptom. Amaurosis fugax (AF) is the
most common of these ocular manifestations. Transient
hemianopsias and other subtle visual field defects occur less
frequently. Classic amaurosis is described as a “shade com-
ing down over the eye” for a few seconds to minutes at a
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time and is due to embolism to the ophthalmic artery. While
the natural history of AF is somewhat more benign than
hemispheric TTAs it is still significant. The stroke risk once
AF arises is roughly 6-8% per year, or roughly half that in
those with cerebral TIAs. And, in those experiencing visual
symptoms due to cerebrovascular disease, a significant
group (25%) will ultimately suffer permanent visual loss.
3. Stroke recurrence. The importance of identifying those
with CVA and cerebrovascular atherosclerosis, particularly
within the extracranial arteries, is due to the significance of
stroke recurrence. Without treatment, those with CVA will
have another stroke at a rate of between 10-20% per year,
thus the 5-year gross risk is somewhere between 50% and
100%. The mortality associated with this second CVA is a
staggering 35%, and events beyond the second are more
than 60%. Hence, the institution of therapy is imperative.
4. Unusual presentations and symptoms of cere-
brovascular disease. Rarely, deterioration in visual acu-
ity may be due to chronic ocular ischemia (COI). Severe
bilateral occlusive disease leads to a supply/demand mis-
match in the retina with an increase in metabolic demand.
COlI is the name of the constellation of signs and symptoms
related to this. Findings may include eye pain, venous sta-
sis retinopathy, central or branch retinal artery occlusions
from stagnant flow, ischemic optic neuropathy, narrowed
retinal arteries, retinal microaneurysms, retinal hemor-
rhages, iris neovasularization (rubeosis iridis) with neo-
vascular acute angle glaucoma, iris atrophy, corneal edema,
and cataracts. This syndrome only occurs in 3-4% of those
with cerebrovascular disease. Without treatment perma-
nent blindness occurs uniformly. Another rare ocular symp-
tom that may occur is “bright light amaurosis fugax.”
This occurs because of the poor retinal blood flow causing
complete white out blindness when the retina is stressed,
such as going outside into the sunlight. Frequently, the vas-
cular specialist may be asked to comment on the presence
of Hollenhorst plaques and retinal artery occlusions seen
on fundus examination without evidence of COI. Less than
10% of these patients will have significant carotid stenosis
ipsilateral to these findings.

There are a few other uncommon symptoms of cere-
brovascular disease that may be attributed to significant
carotid occlusive disease. One is jaw claudication with eat-
ing due to poor ECA flow to the masseter muscle. Focal
seizure activity has been noted due to atheroembolism
from carotid artery disease. Pre-syncope or syncope, some-
times called drop-attacks and cognitive impairments, may
rarely occur secondary to poor perfusion from significant
bilateral cerebrovascular disease.

B. Asymptomatic carotid disease. Extracranial cere-
brovascular disease may also be identified in those who have
no symptoms directly attributable to their arterial stenoses.
Overall, only 1% of the population over the age of 65 harbors
carotid occlusive disease. Yet, when focusing upon those with
cardiovascular risk factors such as hypertension, hyperlipi-
demia, and cardiac disease this figure rises substantially to
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nearly 20%. This is the reasoning behind cerebrovascular
screening programs, which allow recognition of those at high-
est risk of stroke, followed by the initiation of therapy for
stroke-risk reduction. The most common initiating event for
those undergoing evaluation for asymptomatic carotid steno-
sis is bruit on physical examination. Carotid bruits are pres-
ent in approximately 5% of the general population over 50
years of age. However, only 23% of bruits are found to be asso-
ciated with a hemodynamically significant stenosis (=50%),
and less than half of significant stenoses occur in the presence
of a bruit. There is no correlation between the loudness of a
bruit and the degree of narrowing. Thus, a bruit is neither sen-
sitive, nor specific for significant carotid stenosis; still, with
the ease of noninvasive imaging, the status of the carotid
artery when a bruit is detected is relatively simple. A neck
bruit may originate from the carotid arteries or be transmit-
ted from the aortic arch or heart, such as with transmitted
murmurs (Fig. 13.1).

Also, not infrequently, vascular specialists are asked to con-
sult on patients with atypical symptoms, and noninvasive
imaging is performed to establish the status of the carotid
arteries. Usually, the symptoms are found to be unrelated to
the carotid arteries, yet a stenosis is identified. When asymp-
tomatic carotid stenoses are identified, some 10-15% will pro-
gress to a severe category. Therefore, the management of those
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Figure 13.1. Anatomy of the aortic arch and extracranial cervical
arteries. The internal carotid artery has no branches in the neck.
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with asymptomatic carotid artery stenosis has become a very
germane issue.

II. Imaging of cerebrovascular disease.
A. Duplex ultrasound. With the advent of noninvasive
vascular laboratories and the establishment of duplex ultra-
sonography, this is the initial imaging modality of choice for
most patients in which a diagnosis of carotid artery disease is
entertained (see Chapter 6). Duplex ultrasound combines
brightness-mode (B-mode) ultrasound with pulsed-wave
Doppler to produce a real time gray-scale image of the arter-
ies, as well as spectral analysis of flow (Figure 13.2). Many cri-
teria have been espoused that attempt to identify and quantify
the degree of carotid stenosis using duplex ultrasound. This is
an ongoing process and requires regular correlation with other
imaging modalities in order to solidify each noninvasive labo-
ratory’s exactness. When performed by skilled vascular tech-
nologists, this imaging approach is quick, sensitive, specific,
and highly accurate, and also carries no risk. Indirect evidence
of arch-based and intracranial stenosis may be present but no
direct imaging in these areas is possible. Transcranial Doppler
may be performed in conjunction to further ascertain intracra-
nial disease, but it cannot delineate lesion anatomy or true dis-
ease burden. The authors use the modified University of
Washington criteria (Table 13.1). A greater understanding and
study of duplex ultrasound in carotid occlusive disease, as well
as its ease, has led to sensible surveillance regimens in those
with cerebrovascular disease. This is now standard practice
both in those found with moderate carotid stenosis and after
carotid surgery (Table 13.2).
B. Computed tomography (CT/CTA) and magnetic reso-
nance arteriography (MRI/MRA). Anatomic definition and
direct imaging of the brain, intracranial vasculature, arch-
branches, and aortic arch are valuable benefits of CTA and
MRA (Fig. 13.2). Up to 10% of the time, arch-branch based dis-
ease is found to be present. In 2-5% of carotid bifurcation
stenoses, either a tandem intracranial stenosis or intracranial
aneurysm exists distal to the carotid lesion. Further, the status
of the brain and recent or past CVA can be identified, which is
particularly important in symptomatic cerebrovascular dis-
ease. With CTA, infarction cannot always be identified imme-
diately as it often takes 24 to 48 hours for evidence of stroke
to be present using this imaging modality. A benefit of CTA is
the imaging of intracranial bleeding. Atherosclerotic calcifica-
tion can limit CTA’s ability to characterize stenoses. MRA, on
the other hand, using diffusion weighted technology, can illus-
trate and describe infarction immediately. A drawback to MRA
is its notorious overrepresentation of stenoses. This is due to
the fact MR technology depends on electron polar changes with
magnetic field pulses. In standard magnetic resonance, blood
flow is thus represented as signal dropout or a black appear-
ance, since electrons do not stay in one place in the blood. If not
timed appropriately, flow attributes may not be portrayed cor-
rectly, so this technology is highly institution and personnel
dependent.
C. Arteriography. The stroke risk associated with cere-
brovascular arteriography is 1-2%. Access site and other com-



164 Section V. Disease-Specific Care

Figure 13.2. CTA/MRA: Reconstructed CTA of the left carotid sys-
tem (left). MRA of bilateral carotid bifurcations (right). CTA, com-
puted tomography; MRA, magnetic resonance arteriography.

plications can occur in up to 3%, which led to the development
of other less invasive methods of imaging. Yet, there remain
several situations where arteriography is helpful and finalizes
cerebrovascular imaging. These include discordant or unreli-
able noninvasive studies, a high carotid bifurcation, no clear
lesion endpoint seen, concern for either intracranial or arch-
based/great vessel disease, the possibility of nonatherosclerotic
etiologies of disease, suspected posterior circulation disease as
the symptom cause, recurrent stenosis, and the potential indi-
cation for endovascular treatment such as CAS or vertebral
origin stenting.
III. Treatment of carotid occlusive disease.

A. Medical therapy. Risk factor modification is clearly indi-
cated in patients with cerebrovascular disease (see Chapter 7).
Many already have risk reduction therapies in place for hyper-
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Table 13.1. Modified Washington duplex criteria

Stenosis PSV EDV Spectrum

Normal <125 em/s Normal with no plaque
1-15% (B) <125 cm/s Normal with plaque
16—-49% (C) <125 cm/s Broadening

50-79% (D) >125 cm/s <140 cm/s  Broadening
80-99% (D+) >125cm/s >140 cm/s  Broadening
Occluded (E)  No flow No flow No flow

PSV, peak systolic velocity; EDV, end diastolic velocity; cm/s, centimeters per
second; CCA, common carotid artery; ICA, internal carotid artery; ECA,
external carotid artery.

EDV: 80cm/s ~ 60%; 100 cm/s ~ 70%

ICA:CCA PSV ratio: 3.2 ~ 60%; 4.0 ~ 70%

tension, hyperlipidemia, and coronary artery disease at the
time of diagnosis of carotid, great vessel, and vertebral artery
disease due to the association with other cardiovascular pro-
cesses. Statin therapy has been shown to be beneficial in
carotid occlusive disease both in primary and post-procedural
roles. Antiplatelet drugs such as aspirin and clopidogrel retard
platelet aggregation and may prevent microemboli that cause
TIAs and strokes. This has made these agents critical compo-
nents of maintenance therapy after neurologic events and
diagnosis of asymptomatic stenosis. Aspirin reduces the risk of
continuing TIAs, stroke, and death by approximately 20%, com-
pared to controls. In a randomized, blinded trial of clopidogrel
(Plavix, Sanofi Pharmaceuticals, Inc., New York, NY, US.A.)
versus aspirin in patients at risk of ischemic events (CAPRIE),
clopidogrel (75 mg daily) reduced the relative risk for ischemic
stroke, myocardial infarction and vascular death by 24%. After
carotid endarterectomy, antiplatelet therapy reduces risk of
stroke and to a lesser degree restenosis. It appears likely that
antiplatelet therapies modestly reduce the risk of stroke in
both symptomatic and asymptomatic individuals with cere-

Table 13.2. Standard carotid surveillance protocol

Clinical Group Frequency of Surveillance Duplex

B lesion and C lesion Every 1-2 years

D lesion without CEA Every 6 months

Post CEA Every 6 months for 2 years, then yearly

or based on contralateral stenosis
Contralateral Every 6 months
carotid occlusion
Post CAS Every 6 months

CEA, carotid endarterectomy; CAS, carotid angioplasty and stenting.
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brovascular disease, and are indicated with minimal bleeding
risk.

Heparin or warfarin sodium (Coumadin, DuPont Pharma-

ceuticals Company, Wilmington, DE, U.S.A.) can also control
TIAs in at least 90% of patients with recent onset. Warfarin
also has proved effective in reducing serious cerebral infarct
from 45% in untreated patients to 24% in treated individuals
over 5 years. Of course, the main disadvantage of long-term
Coumadin therapy is compliance and bleeding complications
in about 15% of patients. Indeed, the current recommendations
from the multispecialty guidelines council has recommended
heparin not be used in acute stroke due to the hemorrhagic
risk.
B. Surgical therapy. Perhaps nothing in vascular disease
has been scrutinized more closely than CEA. During CEA the
carotid artery is clamped and opened, and the atherosclerotic
plaque is removed. Large, multicenter prospective, random-
ized trials comparing this operation plus antiplatelet therapy
to antiplatelet therapy alone have provided many insights into
this surgical option. In patients with a hemodynamically sig-
nificant carotid stenosis, who have had a TIA or a stabilized,
nondisabling stroke and are candidates for operation, CEA
reduces the risk of recurrent stroke. This was clarified in both
the North American Symptomatic Carotid Endarterec-
tomy Trial (NASCET) and the European Carotid Sur-
gery trial (ECST). The Veterans Affairs Trial 309 (VA
309) also found a trend favoring surgery, but was halted when
the initial results of NASCET and ECST were reported.
NASCET’s evaluation of those with high-grade (=70%) steno-
sis was stopped early as the risk of stroke at 2 years was 26%
versus 9% (p<0.001), and mortality 12% versus 5% (p<<0.01),
in the medical and surgical arms, respectively. Stroke-risk
reduction increased as the degree of stenosis became greater.
Thus, those with the most significant degree of stenosis
gleaned the highest degree of absolute benefit. For those with
carotid stenosis of 50-69%, NASCET revealed a significant
reduction in ipsilateral stroke (15.7% vs. 22.2%; p = 0.045)
and any stroke or death (33.3% vs. 43.3%; p = 0.005) at CEA
5 years. Although still statistically noteworthy, the absolute
risk reduction was less than in those with higher-grade
stenoses and was not as evident until the later points of fol-
low-up.

In ECST and the VA 309 similar outcomes were found. Data
generated from the pooling of these three trials has confirmed
the stepwise augmentation in stroke-risk reduction with CEA
by increasing stenosis degree. Carotid stenosis of 50% was
confirmed to be the point at which CEA yields significant
absolute 5-year stroke-risk reduction compared with medical
therapy. Above 60-70% was the degree to which significant 3-
year absolute stroke-risk reduction occurred. Benefits of CEA
in the symptomatic prospective, randomized trials appear to
be greatest in men, those with recent stroke, and hemispheric
symptoms.

When symptomatic patients are encountered, several ques-
tions can lead to sensible management.
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1. Is there a significant carotid stenosis? The imaging
modalities discussed earlier are used. Duplex ultrasound is
the first-line modality, which helps to delineate degrees of
carotid stenosis and important plaque characteristics such
as ulceration, as well as indirectly attempting to find evi-
dence of proximal arch-based disease and poor vertebrobasi-
lar flow. Additionally, the anatomic location of the carotid
bifurcation and the presence of an identifiable lesion end-
point with normal appearing distal internal carotid artery
(ICA) are important features. The spectral analysis of flow
may reveal a resistive pattern suggesting distal intracra-
nial disease. In many patients, particularly those with TIA,
carotid duplex scanning may provide enough anatomic and
functional information to proceed with CEA without alter-
native imaging.

If any feature of the cerebrovascular circulation is not
well appreciated, or there is concern for recent stroke, alter-
native noninvasive imaging is indicated. This may consist of
an MRA or a CTA. Findings that may necessitate carotid
arteriography after duplex and or CTA/MRA are as follows:
discordant or unreliable noninvasive studies (i.e., the stud-
ies conflict one another), a high carotid bifurcation pre-
cluding complete duplex imaging, absence of a visible
lesion distal endpoint on duplex or CTA/MRA, concern for
tandem disease in the intracranial or intrathoracic carotid
segments, suspicion of posterior circulation disease and/or
the presence of recurrent stenosis months or years follow-
ing CEA. In one or more of these instances, arteriography
will finalize imaging and evaluation of the degree of steno-
sis and lesion morphology. Today, some of these features
may lead to endovascular therapies such as CAS at the time
of diagnostic arteriography.

2. Are the symptoms actually consistent with TIA or
CVA, or some other neurologic or psychosomatic
complaint? Are they attributable to events ipsilateral
to the carotid stenosis? These questions are not always
easy to answer. As noted, carotid distribution symptoms
classically include unilateral hemiparsis, hemiparesthesias,
speech disturbance, or amaurosis fugax. The symptoms that
present confusion in determining whether a true TIA, or
potential CVA, is being experienced are atypical complaints,
especially dizziness, lightheadedness, presyncope, and un-
steady gait. These posterior circulation type symptoms are
rather common in elderly patients who may experience pos-
tural hypotension when arising quickly from a lying, sitting,
or stooping position and other etiologies that produce these
sensations. If a psychosomatic problem is suspected, a care-
ful inquiry about family or work situations may disclose
emotional stress that initiates the symptoms. If the patient
is unsure of the symptoms, a family member who may have
observed an attack can be very helpful.

3. Are the neurologic symptoms chronic and stable
or repetitive and progressive, and has the patient
had a stroke? If they represent TIA and are not suggestive
of CVA and are not progressive, a more elective/urgent out-
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patient evaluation is appropriate. Remember, however, the
newer, more worrying up-front risks of TIA. If the symp-
toms are concerning for a new or recent stroke or are pro-
gressive and repetitive, suggesting either crescendo TIA or
stroke-in-evolution, immediate or urgent assessment is
indicated. Thorough evaluation for TIAs may also require
electrocardiographic monitoring (Holter monitor) to detect
arrhythmias or echocardiography to rule out diseased heart
valves or mural thrombus. Transesophageal echocardiogra-
phy may also reveal ulcerative atherosclerosis of the aortic
arch as a source of thromboemboli in some patients. More-
over, electroencephalography (EEG) is appropriate if a
seizure disorder is suspected. Consultation with a neurolo-
gist or ophthalmologist may be helpful in evaluating
patients if atypical neurologic or retinal symptoms are pres-
ent. In those with atypical symptoms, or concern for stroke,
computed tomography (CT/CTA) or MRI/MRA of the brain
is useful to not only better clarify the extent of cerebrovas-
cular disease, but to identify stroke and check for hemor-
rhage. MRI with diffusion weighting is particularly useful
for this. It can identify stroke immediately while CT takes
several days for the stroke to be evident.

If the patient has had a stroke, particular aspects are rel-
evant to possible intervention and surgical therapy. First, it
is important to understand how significant and debilitating
the CVA has been and if there is still brain tissue at risk for
infarction. In those with dense, complete deficits such as
hemiplegia and/or loss of speech, it makes little sense to put
the patient at risk for an operation if there is little hemi-
spheric function left to lose. Indeed, the prospective, ran-
domized trials studying CEA for symptomatic patients only
included those with TIAs and “nondisabling” stroke. Poor
outcomes due to hemorrhagic conversion in those with
stroke and immediate surgical intervention were encoun-
tered before CT and MR technology were developed. Since
that time, there has been much controversy with regard to
radiographic features of CVA and the timing of CEA. No
clear consensus has been reached with regard to the timing
of CEA following hemispheric stroke. What is clear is that
the larger the CVA the more likely the patient is to have a
permanent deficit. If there is any evidence of parenchymal
hemorrhage associated with the stroke, or it is larger than
2-3 centimeters in size, it is probably wise to wait 4 weeks
before CEA. If the stroke is small without hemorrhage, an
earlier operation (within 14 days) can be performed.

Fortunately, scenarios where more emergent interven-
tion is necessary are rare. Those with crescendo TIA
should be immediately hospitalized for anticoagulation
with heparin (loading dose of 5,000 to 10,000 units, with a
continuous hourly infusion of 750 to 1,000 units) to achieve
an aPTT of 60-90 seconds or an antifactor Xa level of 0.4-
0.7 IU/ml. If the patient’s condition is stable, an urgent
MRA or CTA in conjunction with a duplex ultrasound
usually is performed within 24 hours after admission. Arte-
riography is indicated if previously discussed features are
present. Operative candidates with severe (>70%) carotid
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stenosis or shaggy, mobile, irregular ulcerative plaques
undergo carotid endarterectomy when the surgical and
anesthesia teams are optimized.

Management is more difficult if the neurologic symptoms

are progressing, or waxing and waning, without complete
resolution. These patients should be considered to have a
stroke-in-evolution. Anticoagulation and emergent du-
plex ultrasound followed by immediate carotid surgery for
severe carotid lesions and those with ominous plaque fea-
tures may reduce the stroke severity and mortality in this
group. However, the differentiation between a stroke-in-
evolution and completed stroke is not always clear. This
aggressive surgical strategy for crescendo TIA and stroke-
in-evolution is related to a poor stroke and mortality rate
with medical therapy alone in these patients. The reported
mortality with these events is 50-80%, with up to 75% of
survivors having a moderate to severe permanent neuro-
logic deficit. Less than 5-10% will completely recover. With
the institution of the treatment paradigm described, peri-
operative stroke and death rates of approximately 10—-20%
can be anticipated. While this is a considerable event rate
after CEA it may be the patient’s best alternative. Also,
treatment of acute ischemic stroke with intravenous
thrombolytic therapy (tissue-type plasminogen
activator) is approved for selected patients with no
evidence of intracranial hemorrhage or other con-
traindications when started within 3 hours of onset
of symptoms.
4. What is the patient’s operative risk? Combined
30-day mortality and stroke in NASCET and ECST was
5.6% and 7.0%, respectively. In general, stroke/death rates
for CEA in symptomatic patients should be 5—6% or less in
order for the operation to make stroke-risk reduction sense.
If the patient is a poor surgical risk from a comorbidity
standpoint, carotid angioplasty and stenting can be enter-
tained. Antiplatelet and/or Coumadin therapy are medical
alternatives that may be considered in this difficult sce-
nario. Surgery or intervention should be reconsidered if
antithrombotic/anticoagulant therapy fails to control the
TIAs.

Based upon obtained imaging and surgical candidates
with classic anterior circulation, carotid territory TIAs, or
nondisabling stroke, we recommend CEA along with anti-
platelet therapy for surgical correction of a stenotic plaque
with =270% diameter reduction that correlates with the
exhibited symptoms. In those with 50-69% diameter reduc-
tion, a more circumspect approach is used owing to the
more modest risk reduction at later time points. If the
patient clearly is healthy and has significant longevity,
whereby they will glean the benefits that an operation can
provide, CEA is undertaken. Other considerations causing
us to lean toward surgical therapy include plaque mor-
phology, such as ulceration or shaggy thrombus, contralat-
eral ICA occlusion, and male gender, all of which may
portend an increase in stroke risk for symptomatic
patients. In those with less than 50% stenosis in the carotid
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artery, operation is not indicated except in very rare in-

stances of ominous plaque morphology.
C. Surgical therapy in asymptomatic patients. The
rationale for prophylactic carotid endarterectomy for high-
grade asymptomatic carotid stenosis began with the classic
observations of Dr. Jesse Thompson of Dallas, Texas. In his
nonoperated group, 26.8% eventually had TIAs, 15.2% experi-
enced a nonfatal stroke, and 2.2% had a fatal stroke. On the
other hand, 90% of operated patients remained asymptomatic.
Only 4.5% of the operated patients developed TIAs and 2.3%
experienced a nonfatal stroke.

Subsequently, Strandness and colleagues at the University
of Washington used duplex prospectively to study the natural
history of carotid arterial disease in asymptomatic patients
with carotid bruits. The presence of or progression to a greater
than 80% internal carotid stenosis was highly correlated with
development of TIA, stroke, and asymptomatic internal
carotid occlusion in 46% of patients compared to those lesions
of 0% to 79% stenosis (1.5%). The majority of adverse events
occurred within 6 months of the findings of an 80% to 99%
stenosis.

Trials comparing surgical and medical therapy for carotid
stenoses in those without symptoms have also been accom-
plished. The risk of stroke with both medical therapy and oper-
ation is less in patients who are asymptomatic. Overall, the
Asymptomatic Carotid Atherosclerosis Study (ACAS),
The Veteran’s Affairs Asymptomatic Carotid Stenosis
study, and the Asymptomatic Carotid Surgery Trial
(ACST), have indicated that in those with =60% asymptomatic
stenosis, the risk of CVA at 5 years with antiplatelet therapy
alone is 9-12%, or roughly 1.5-2% per year. With CEA added
to antiplatelet therapy, this risk is reduced by half to 1% per
year or 4-6% at 5 years. In ACAS, all in the surgical arm were
required to undergo arteriography, yet some did not. In those
who did, the risk of stroke with cerebral arteriography was
1.2%. The 30-day risk of stroke and death in the CEA group
was 2.3% and this was estimated to be 2.7% if all had an arte-
riogram. Thus, arteriography accounted for about half of
asymptomatic perioperative events. In the ACST, enrollment
was based upon duplex ultrasound. Arteriography was not
required but some did undergo arteriography prior to CEA.
The 30-day stroke and death rate was 2.8% in the surgical arm
and 3.1% in all CEA procedures. As with the symptomatic tri-
als, benefit with operation was not suggested in women.

Several points should be highlighted. First, duplex ultra-
sonography is an important diagnostic tool in asymptomatic
patients, particularly when able to be used as a single modal-
ity prior to carotid surgery or to select those in whom the risk
of arteriography is acceptable. It is worth noting that duplex
criteria suggesting a stensois of =280% correlated with an arte-
riographic lesion of 60% in ACAS. Second, the yearly risk of
stroke in those with no symptoms is small. While the relative-
risk reduction obtained with CEA is on the order of 50%,
absolute stroke-risk reduction is only 1-2% per year. There-
fore, to gain advantage from operation patients must be
selected well. They must be otherwise healthy and have a life
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expectancy of at least 5 years. Lastly, women must be looked at
with some skepticism when evaluating them for prophylactic
CEA and compelling reasons must be present. We believe that
CEA in asymptomatic individuals with a carotid stenosis of
over 60% is an essential component of therapy, particularly in
men and those without considerable cardiac, pulmonary, renal,
or other comorbidity, and the duplex ultrasound suggests the
lesion to be 80%. This remains true only when the periopera-
tive stroke and death rate can be 3% or less. Some physicians
may be hesitant to recommend CEA for asymptomatic
patients, but the natural history of this group does not appear
to support this approach in otherwise healthy adults with good
life expectancy.
D. Controversies in carotid occlusive disease.
1. Asymptomatic ulcerated plaque. The natural history
of asymptomatic ulcerated carotid lesions is not easy to
define. Carotid ulceration is difficult to detect with duplex
ultrasound and is usually large when seen with this modal-
ity. This imaging technique can define plaque morphology
(homogeneous versus heterogeneous), but these character-
istics do not always correlate with surface ulceration.
Despite these limitations, some reports suggest that echolu-
cent plaque, detectable by duplex ultrasound, increases
the likelihood of future symptoms. Recent technological
advances have improved duplex resolution, but it remains
overall a somewhat insensitive method to characterize
ulceration. Arteriography also is not particularly accurate
in defining ulceration, which may vary from a slight non-
stenotic irregularity to a complicated ulcerated stenosis.
While carotid atherosclerotic ulceration has been shown
to correlate independently with neurologic symptoms, the
risk associated with lesions found in those who are asymp-
tomatic remains somewhat controversial. Dr. Wesley Moore
and colleagues classified asymptomatic ulcers without
associated hemodynamically significant stenoses by their
two-dimensional area on lateral arteriography: A, less than
10 mm? ; B, 1040 mm? ; C, more than 40 mm? . They found
the yearly risk of stroke was less than 0.5% for A ulcers,
4.5% for B ulcers, and 7.5% for C ulcers. CEA was recom-
mended for C lesions, and for B lesions if the patient was a
reasonable operative candidate with good life expectancy.
In general, ulceration may predict increased risk of neuro-
logic events and should be considered in the treatment plan
for those with carotid occlusive disease.
2. Is a patient with cerebrovascular disease sched-
uled for other major surgery? Controversy continues
over whether patients with asymptomatic carotid stenoses
are at increased risk for perioperative stroke at the time of
other major surgery, especially any operation in which pro-
longed hypotension may occur. The major surgery of most
concern has been cardiac and aortic operations. Many peri-
operative strokes occur in patients who were not suspected
of having carotid disease prior to surgery. These strokes
also are more commonly diffuse than focal. Less than 2% of
patients with no prior stroke or TIA undergoing major gen-
eral or cardiovascular surgery suffer a perioperative stroke.
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With a history of prior neurologic event this rate may
increase to 4—6%. In those with a known hemodynamically
significant carotid stenosis, the stroke risk for major sur-
gery is 3%. With bilateral =50% carotid stenosis, this risk
may increase to 4-5%. This risk can be as high as 7-9% in
those undergoing coronary artery bypass grafting (CABG)
with either carotid occlusion or prior stroke.

How then to proceed in patients undergoing major sur-
gery with carotid occlusive disease? First, noninvasive
carotid testing is performed to determine the hemodynamic
significance of the carotid stenosis if this is not known. It is
well established that there is little stroke risk in those
undergoing general surgery if the patient is asymptomatic,
and they should proceed to the intended operation. A
caveat may be poorly compensated lesions, such as asymp-
tomatic, severe bilateral disease, particularly in those in
which the general surgery caries no immediacy. These
should be surgically corrected before elective vascular sur-
gery is attempted. The authors’ stance has been to enter-
tain carotid revascularization on at least one side prior to
major general surgery. It seems logical to carry out CEA
prior to any other surgery in those who are CEA candidates
and would otherwise undergo carotid endarterectomy as
this may, perhaps, negate any possible risk. This approach
is unproven.

The issues surrounding those with cerebrovascular dis-
ease requiring heart operations, such as coronary artery
bypass or valve replacement, deserve special mention.
Roughly half of strokes during CABG in those with a sig-
nificant carotid stenosis are ipsilateral to narrowing and
can be attributed to its presence. This special situation is
confounded by the ability to perform these procedures in a
combined fashion. In centers that carry out many combined
CEAs with cardiac surgical procedures, the results are
acceptable and can be quite good. However, this is not gen-
eralizable, and most evaluations suggest the stroke/MI
and death rate with staged procedures are likely superior
to combining them. The first principle dictates to treat the
symptomatic vascular territory first. Combined procedures
are reserved for patients symptomatic in both territories,
or those with severe bilateral asymptomatic carotid disease
or contralateral ICA occlusion. Most surgeons agree that
patients with symptomatic carotid disease should have
CEA before other elective surgery is performed.

3. Asymptomatic contralateral carotid artery steno-
sis. Another controversial area in carotid surgery is the
management of patients with the asymptomatic contralat-
eral carotid artery stenosis following a carotid endarterec-
tomy. These patients may be at increased risk of TIAs and
stroke. The outcome of such lesions again may depend on
the hemodynamic significance of the asymptomatic lesion.
Conservative management of nonoperated vessels opposite
an endarterectomy appears appropriate until symptoms
develop or a lesion greater than 80% is detected. We gener-
ally repair a hemodynamically significant contralateral
carotid stenosis as a staged procedure. The endarterec-
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tomies are performed at least 5 to 7 days apart, although
most patients require a longer recovery period between
operations. If the contralateral stenosis is not hemodynam-
ically significant, if the patient is not a good surgical risk,
or if the first endarterectomy was complicated by cranial
nerve injury, we follow the patient until symptoms occur or
noninvasive studies document progression of the stenosis.

Study of duplex after CEA has informed us of several

things. Progression of carotid stenoses is not uncommon
and mandates surveillance in order to identify those who do
progress. Further, flow velocity characteristics of the
carotid artery contralateral to a severe carotid stenosis or
occlusion may be artificially elevated due to increased blood
flow demand on the “more open” side. The degree of steno-
sis by flow criteria may actually be lessened after CEA of
the severe, contralateral side.
4. Acute internal carotid artery occlusion. It is uncer-
tain whether thromboendarterectomy of an occluded inter-
nal carotid artery is advisable. Certainly, surgical repair of
a thrombosed internal carotid artery in the setting of a com-
pleted stroke may be associated with intracranial hemor-
rhage and a high mortality risk. The natural history of
untreated carotid occlusion is still debated. Approximately
25% of patients have TIAs, and 10% to 20% have a stroke
with occlusion. Many patients, however, remain asympto-
matic. Anticoagulation for 3-6 months followed by anti-
platelet therapy remains the mainstay of the treatment
paradigm.

A few reports indicate that thromboendarterectomy of a
totally occluded internal carotid artery can be achieved
with a reasonable morbidity and mortality rate and a 65%
to 70% overall patency in severely symptomatic patients.
Some have suggested that although the morbidity and mor-
tality of operation in this setting is higher than without
occlusion, these outcomes are better than without surgery.
Not everyone agrees with this. Retrograde filling of the ipsi-
lateral intracranial internal carotid artery to its petrous or
cavernous segment appears to be a good sign of operability.
Timing of such surgery seems critical. Operation within 4
hours of acute symptoms has been recommended if this
course of action is entertained.

An uncommon approach to management of the persist-
ently symptomatic patient with an occluded internal carotid
artery is external carotid artery (ECA) endarterectomy.
ECA revascularization may relieve symptoms by increasing
both the total and regional cerebral blood flow. The best
results of external carotid endarterectomy are achieved
when it is performed in the setting of an ipsilateral internal
carotid artery occlusion and external carotid artery stenosis
with demonstrated “internalization” of the ECA on duplex
spectral flow analysis and identification of intracranial col-
lateralization of the ECA on arteriography. In this setting,
this procedure is usually performed to relieve retinal symp-
toms such as retinal TIA, bright light amaurosis, rubeosis
iritis, or neovascular glaucoma. The ECA-ICA collaterals
develop in the periorbital area to the ophthalmic artery,
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temporal area via leptomenigeal branches, and the dural
vessels.

Finally, symptomatic patients with total internal ca-
rotid occlusion also may be relieved by extracranial-to-
intracranial (EC-IC) anastomosis of the temporal artery to
the middle cerebral artery. EC-IC bypasses generally are
performed by a neurosurgeon experienced in microsurgical
technique. We continue to see gratifying results in rare,
select patients. However, the international randomized EC-
IC bypass study failed to confirm that EC-IC anastomosis
is effective in preventing ischemic stroke in patients with
atherosclerotic disease in the carotid and middle cerebral
arteries. Consequently, EC-IC bypass is rarely performed
anymore. However, resurgence of its theoretical benefits in
certain situations has led to prospective, randomized trials
currently ongoing in difficult cerebrovascular cases. It
remains a mainstay in the rare, surgical treatment of pro-
gressively symptomatic ICA dissection when extracranial
reconstruction becomes prohibitive.

E. CAS. Although the medical and surgical treatment of
carotid occlusive disease has been well studied and effective
treatment paradigms developed, the last decade has seen the
emergence of endovascular therapies as an alternative for
treatment of cerebrovascular diseases. CAS has been pro-
moted as the preferred option in those who are “high-risk” for
CEA. There has been much debate as to what constitutes high-
risk individuals in this relatively low-risk operation, and ongo-
ing deliberations focus on what clinical factors may produce a
scenario when CAS may be favored over other modalities of
treatment.

To this end many investigations have focused on noninferi-
ority of CAS versus CEA in certain patient subgroups. Prob-
lems with these have been encountered, and center around
differences in indications and devices used. Most have been
industry sponsored and are specific to stent and embolic pro-
tection devices, in addition to combining endpoints and
patient presentations. The most stirring study to date is the
Stenting and Angioplasty with Protection in Patients at High
Risk for Endarterectomy (SAPPHIRE) trial. This study was
supported by Cordis Endovascular (a branch of Johnson &
Johnson) and Cordis stents and embolic protection devices
were used. It pitted CEA against CAS with embolic protection
in those who were symptomatic with a =50% stenosis or
asymptomatic with a =280%, and had features that would place
them at high risk for CEA. The main outcomes of stroke and
death were not statistically different at 30 days and 1 year,
thus CAS was not found to be inferior to CEA. However, when
this endpoint was combined further to include MI, there was a
trend favoring CAS in the perioperative 30-day period, and
this added to the incidence of stroke or death in 1 year was
reported to favor CAS (12% vs. 20%; p = 0.05). The occurrence
of cranial nerve palsies was significantly less with CAS and
the need for revascularization of the carotid artery within
1 year of the treatment was statistically higher in those
receiving CEA (4.6% vs. 0.7%; p = 0.04).
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This seems to indicate that CAS is competitive with CEA
in the early and midterm treatment of carotid stenosis (Fig.
13.3). Against the background of conflict in the prior liter-
ature, the U. S. Food and Drug Administration used this
report to usher in the era of approval of CAS devices. There
are justified criticisms of SAPPHIRE concerning both the
trial endpoints and the enrollment process, but this is the
best information we have to date. The late stroke-risk
reduction achieved and the later restenosis with stenting
remain unknown. These are critical pieces of information
that are needed as the physiologic outcome of CEA and
CAS may ultimately be different. CEA removes the embolic
source and relies on appropriate and “normal” healing of
the endarterectomy and CAS pushes, opens, and constrains
the embolic source against the diseased arterial wall.

Stroke after CAS seems to occur more often in the con-
tralateral hemisphere compared to CEA, which is likely due
to arch manipulation. Embolic protection devices do make a
difference in the embolic rate during CAS. Current indi-
cations for CAS are being better defined (Table 13.3).
Anatomic factors in the carotid artery, aortic arch, descend-
ing aorta, and iliofemoral systems are very germane and
may alter, or support, one treatment plan over another.
Other issues, such as prior neck pathology requiring radia-
tion or tracheostomy, are more easily dealt with using
CAS. Those with poor cardiopulmonary reserve may be
better served with CAS. If the procedure seems anatomi-
cally feasible with minimal structural prohibitions, certain
indications have become clearer. Restenosis, prior radical
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Figure 13.3. Representative outcomes of industry-supported
carotid angioplasty and stenting trials. (Needs Permission: From
Narins CR, Illig KA. Patient selection for carotid stenting versus
endarterectomy: A systematic review. JJ Vasc Surg. 2006;44:661-672.)
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Table 13.3. Current recommendations and potential
preferences for CAS vs. CEA

CEA strongly CAS Strongly
recommended CEA Preferred CAS Preferred Recommended
Age >80y Inability to High carotid Prior neck
use EPD bifurcation radiation
Difficult aortic Recurrent Prior radical
arch or stenosis neck surgery
carotid Neck immobility ~ Tracheostomy
anatomy Significant stoma
Difficult vas- cardiac or
cular access pulmonary
disease
Contralateral
recurrent
laryngeal nerve
dysfunction

CEA, carotid endarterectomy; CAS, carotid angioplasty and stenting; EPD,
embolic protection device.

(From Narins CR, Illig KA. Patient selection for carotid stenting versus
endarterectomy: A systematic review. J Vasc Surg. 2006;44:661-672.)

neck surgery, an adverse neck due to tracheostomy and/
or radiation, high carotid bifurcations at the C1-2 level
making surgical exposure difficult, and significant car-
diopulmonary comorbidities are reasons to proceed with
CAS. It also appears that those patients who are 80 years of
age or older do worse with CAS. This may be due to more
atherosclerotic disease and arch angulation in older people.
IV. Vertebrobasilar insufficiency (VBI). Symptoms of VBI
are characterized by ischemic events in the midbrain and cere-
bellum. These include ataxia, dysarthria, diplopia, dysphagia,
vertigo, dizziness, drop attacks and gray outs with head rotation,
instability of the patient in the upright position, visual changes,
and bilateral paresthesias with occasional paresis. These may
result from emboli (vertebrobasilar TIAs, or thromboembolic
VBI) or hypoperfusion of the basilar artery and its branches
(hemodynamic VBI). Overall, it appears that hemodynamic VBI
is more common. Stroke in the posterior circulation accounts for
25% of CVAs and the risks of stroke and related mortality after
verterbrobasilar TIA appear similar to that of the carotid terri-
tory. However, vertebrobasilar stenosis and its treatment are
much less well studied in contrast to the anterior circulation and
carotid occlusive disease.

Left subclavian stenosis proximal to the left vertebral artery
or stenosis of the origin of either vertebral artery may decrease
vertebrobasilar flow. Additionally, only half of individuals have a
“normal” circle of Willis and collateral intracranial circulation
between the anterior and posterior supplies may be compro-
mised. Thus, hemodynamic VBI is especially likely to occur when
carotid occlusive disease along with either vertebrobasilar or
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subclavian stenosis is present and collateral flow via the circle of
Willis is inadequate.

In such cases, we generally repair the carotid lesions first, in

the hope that increased collateral flow will alleviate the VBI.
However, if both carotid and vertebral artery disease is present,
consideration can be given to concomitant correction of both.
Without significant carotid occlusive disease, or if the circle of
Willis is not intact and appears to provide no considerable col-
lateral flow, direct extracranial vertebral artery reconstruction
should be considered. Proximal subclavian stenosis is usually
corrected by carotid-subclavian bypass, subclavian-subclavian
bypass, or subclavian-to-carotid trasposition. Stenosis at the ori-
gin of either vertebral artery may be managed by endarterec-
tomy or reimplantation of the vertebral artery into the side
of the common carotid artery. Anterior-to-posterior bypass grafts
may be performed at either the low vertebral level, or at the
skull base. Transposition of external carotid artery branches
to the vertebral artery at the skull base have also been
described. EC-IC anastomosis also may improve the posterior
cerebral circulation. Finally, percutaneous balloon angioplasty
and stenting of focal subclavian stenosis and vertebral artery
lesions can be successful. Their utilization is well described but
not well studied.
V. Great vessel disease and subclavian steal syndrome.
Stenoses in the arch-based brachiocephalic vessels can lead to
stroke, anterior or posterior circulation TIA, “watershed”
ischemia of the brain noted during times of relative lowering of
blood pressure, subclavian-steal, and thromboembolic events or
claudication in the arms. Indications for treatment of these
lesions are based primarily in the symptomatic in order to pre-
vent recurrent TIA, stroke, and upper-extremity tissue loss. Sim-
ilar to the treatment of lower-extremity claudication, arch-based
disease therapy may improve quality of life.

Left subclavian stenosis or occlusion is a common atheroscle-
rotic lesion. Generally, it is asymptomatic and is discovered
because the left arm blood pressure is lower than the right.
Left arm claudication seldom is a significant problem, since the
collateral flow to the left arm usually is well developed. However,
for a few patients proximal left subclavian occlusion may cause
subclavian steal syndrome. Its clinical features are those of VBI
such as dizziness, syncope, visual blurring, or ataxia, classically
associated with vigorous left-arm exercise. The mechanism of the
syndrome relates to retrograde flow from the left posterior cere-
bral circulation down the left vertebral artery to the distal sub-
clavian artery and arm. This “stealing” of blood from the brain to
the left arm causes intermittent posterior cerebral ischemia.
Another common scenario today is due to the standard use of the
left internal thoracic artery for coronary artery bypass grafting.
When a significant left subclavian artery stenosis develops prox-
imal to such a LIMA graft, vigorous left arm use may lead to
angina pectoris or “subclavian-coronary” steal. Should the steno-
sis become severe enough, unstable or early angina may develop
regardless of arm use. This is clearly a more pressing issue in
order to prevent acute myocardial infarction.

In our experience, classic subclavian steal syndrome is uncom-
mon. Although many patients with subclavian occlusive disease
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have retrograde left vertebral flow on duplex, few have cerebral
symptoms with arm claudication owing to the vast collateral
flow in both the brain and the arm. If they do havecerebral
ischemic symptoms, we perform a standard duplex carotid
examination and either an MRA or CTA in order to further
interrogate the arch and brachiocephalic vessels in addition to
both the carotid and vertebrobasilar systems. Arteriography is
utilized for evaluation when either the disease anatomy remains
unclear or an endovascular option is entertained. Subclavian-
steal syndrome sometimes is relieved simply by correcting
a severe left carotid stenosis, which improves collateral flow via
the circle of Willis to the posterior brain. Significant arm clau-
dication may be relieved by carotid-subclavian bypass, subcla-
vian-subclavian bypass, subclavian-to-carotid transposition,
transluminal angioplasty and stenting, or direct anatomic recon-
struction.

Overall, the treatment of arch-based disease has evolved as
endovascular therapy has progressed. Anatomic surgical revas-
cularization for arch-based symptomatic atherosclerotic lesions
requires a median sternotomy and bypass grafting from the
ascending aorta to each of the vessels beyond the blockages.
Thus, it is imperative to have a CT of the aorta to confirm the
ability to use proper side-biting cross clamps for the proximal
anatomosis. If lesions are focal in nature, classically the innomi-
nate artery, endarterectomy may be used. Arch-based grafting
can be performed in conjunction with standard carotid bifurca-
tion endarterectomy. Dacron and expanded polytetrafluroroeth-
ylene (ePTFE) prosthetic grafts are used.

Extra-anatomic open revascularizations such as the ones
mentioned here for subclavian-steal may also be used and are
lower-risk procedures. Additionally, carotid-carotid bypass can
be done. Should autogenous conduit for any of these open revas-
cularizations be required, superficial femoral vein or paneled
greater saphenous vein is an option if available. Patients under-
going operative revascularizations, particularly those based
on the ascending aorta, must be evaluated for significant
cardiopulmonary disease and risk stratified accordingly (see
Chapter 8).

Endovascular methods, particularly balloon angioplasty and
stenting, have been shown to achieve excellent immediate and
midterm results. Due to this, operative anatomic reconstruction
has been reserved for significant multivessel brachiocephalic dis-
ease. Creative techniques such as CEA with retrograde common
carotid artery angioplasty and stenting are performed more com-
monly. The success of the neck-based extra-anatomic reconstruc-
tions and endovascular methods are particularly useful to avoid
an increased morbidity and mortality with redo median sterno-
tomy.

VI. Other cerebrovascular pathologies.

A. Pulsatile masses. Pulsatile masses near the carotid

artery usually represent one of the following: true arterial

aneurysms, carotid body tumors, local lymphadenopathy, or a

prominent, tortuous carotid artery. After CEA, this may repre-

sent a patch pseudoaneurysm. Sonography, CT scanning, or

MRI can generally differentiate between these etiologies.

Carotid aneurysms are rare but dangerous since they may lead
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to rupture, cerebral embolization, thrombosis, and local pres-
sure symptoms. The best surgical approach is resection and
arterial restoration by direct end-to-end anastomosis or an
interposition graft with either autogenous vein or ePTFE.

B. Carotid body tumors (CBT) are uncommon neoplasms
of the neuroectoderm paraganglion cells, which make up the
carotid body and are also referred to as paragangliomas. These
tumors arise from the afferent ganglion of the glossopharyn-
geal nerve and are slowly progressive. CBTs are rarely malig-
nant neoplasms. This occurs some 5-10% of the time and in
8% of cases they are bilateral. They can be associated with
multiple endocrine neoplasia syndromes I and II, and, thus,
familial tumors. Familial tumors have a higher incidence of
being bilateral. Periadventitial resection or carotid artery
replacement is recommended for all CBTs. The blood supply to
these vascular tumors is from the external carotid artery and
preoperative embolization may be helpful when the tumor is
over 5 cm in size. Radiation therapy appears to be of little
value in their management and observation is appropriate
only for asymptomatic elderly patients who are poor surgical
risks. The risk of stroke with CBT is 5%, and the risk of cra-
nial nerve injury is significant with some suggesting up to
40%.

C. Carotid fibromuscular dysplasia (FMD) is a relatively
benign, often incidental finding that rarely causes symptoms.
Although carotid FMD may be associated with TIAs, the inci-
dence of subsequent stroke is less than that seen with athero-
sclerotic carotid occlusive disease. Patients with FMD are more
prone to internal carotid artery dissection. When neurologic or
visual symptoms can be attributed to carotid FMD, they gen-
erally resolve without operation and recurrence is uncommon.
We place these patients on antiplatelet therapy even when
asymptomatic FMD is found. High-grade symptomatic FMD
stenoses can be treated by operative probe dilation or internal
carotid balloon angioplasty.

D. Carotid dissection may occur spontaneously or as a re-
sult of trauma with neck hyperextension. When spontaneous, it
may be associated with hypertensive scenarios, inciting causes
such as wretching or coughing, and connective tissue diseases.
Most often, however, the causative piece remains unclear.
Symptoms suggestive of dissection include headache, neck
pain, and Horner’s syndrome. Cranial nerve palsies and tinni-
tus, usually pulsatile, can also occur. Neurologic events arise
due to either thromboembolic events or hypoperfusion. Initial
treatment is anticoagulation as these are challenging to repair
surgically. Serial duplex surveillance is suggested. With con-
tinued symptoms, either open repair, EC-IC bypass, or carotid
stenting is indicated.

E. Carotid kinks and coils. Coils in the carotid artery arise
from improper sequencing of cardiac descent and carotid
uncoiling during embryologic development. Kinks are nor-
mally secondary to atherosclerotic plaque and arterial wall
weakening with the degenerative process. Indications for sur-
gical correction are the development of symptoms, significant
stenosis falling within indications for CEA, or thromus forma-
tion. Several repair techniques have been described, but all
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include the component of resection and reconstruction. Should

endarterectomy be necessary, eversion endarterectomy with

ICA resection and straightening is an excellent option.

VII. Technical aspects of carotid interventions.

A. CEA is the most common open operation for extracranial

cerebrovascular disease, and so we focus on principles of oper-

ative care for carotid reconstructions. These same principles

also apply to other types of vertebral and subclavian revascu-

larization.
1. Preoperative preparation. For elective cases, anti-
coagulants are discontinued 4-5 days prior to operation.
Depending on the indication for Coumadin, either a heparin
or lovenox window can be used. Aspirin is continued
throughout the course of operation. Clopidogrel (Plavix) is
usually discontinued at least 5 days before surgery and
aspirin instituted prior to discontinuation. The main excep-
tion is a patient with multiple recent TIAs or a severe
carotid stenosis (<2 mm), who usually remains on heparin
or clopidogrel accepting a slightly higher hematoma rate for
a presumed decrease in neurologic events. There is mount-
ing evidence that, if the patient is not already on statin
medications and beta-blockers, these should be instituted
in the perioperative period to reduce cardiac events.

Although neck infection is rare, several preventive meas-
ures are taken. The chin, neck, and anterior chest are
shaved on the side of endarterectomy. This area is washed
with a surgical scrub solution within 6 to 12 hours of oper-
ation. Preoperative parenteral antibiotics are started when
the patient goes to the operating room; the antibiotic of
choice usually is a cephalosporin or semisynthetic peni-
cillin to cover skin flora.

The patient is given non per os (nothing by mouth; NPO)
status after midnight prior to operation. Stable or asymp-
tomatic patients are admitted on the morning of operation.
Some symptomatic patients will already be hospitalized for
heparin anticoagulation. An intravenous infusion of bal-
anced salt solution (e.g., 5% dextrose in Ringer’s solution at
100 to 125 mL/h) is begun to maintain hydration. General
narcotic premedications that may cause hypotension are
avoided.

On the day of surgery, a responsible member of the oper-
ating team is present in the operating room from the time
the patient enters the room until the patient is transported
to the recovery area. When the operation is complete, the
surgical scrub remains sterile and the team maintains room
preparation. An arterial line is generally inserted in the
operating room. Occasionally, selected patients with severe
cardiac disease (see Chapters 7 and 8) may also receive a
Swan-Ganz catheter. A Foley bladder catheter is optional
but may assist with blood pressure control since bladder
distention may exacerbate hypertension in a labile patient.
2. Operative principles.

a. General endotracheal anesthesia is our prefer-
ence, since it both provides the best control of the airway
and best facilitates management of cardiorespiratory
function. Other experienced surgeons prefer regional
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Figure 13.4. Nerves that may be encountered or injured during
carotid endarterectomy and their typical relationship to the carotid
arterial system.

cervical block and local anesthesia. They believe this
provides a better hemodynamic course and direct neuro-
logic monitoring.
b. Carotid exposure must be gentle and meticulous to
avoid venous or nerve injury and dislodgement of athero-
matous material from a plaque. Figure 13.4 demon-
strates the relative positions of the major nerves of the
neck that surround the carotid artery.
(1) Branches of the ansa cervicalis (ansa meaning
loop) provides innervation to the strap muscles and
may be divided for better exposure, without a result-
ing neurologic deficit.
(2) The hypoglossal nerve usually crosses the
carotid artery at or near the carotid bifurcation. Most
hypoglossal injuries are caused by retraction of the
nerve. Clamp injuries may occur if the hypoglossal
nerve is not dissected free from the common facial
vein before this venous structure is divided. Hypo-
glossal injury results in weakness of the tongue on
the operated side, with tongue deviation toward the
side of the injury. This deficit may cause biting of the
tongue while chewing, and the patient may have
some difficulty swallowing or speaking. Bilateral
hypoglossal nerve injury may be life threatening,
since the tongue may prolapse posteriorly and
obstruct the airway when the patient is supine.
(3) The vagus nerve usually runs in the posterior
carotid sheath behind the carotid artery. In 3-5% of
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cases it swings anteriorly along the anterolateral
surface of the carotid artery (anterior vagus nerve).
The nerve must be dissected free from the carotid
artery, especially at the proximal and distal extent of
carotid dissection, where clamps may accidentally
injure it.
(4) Vagal injury is most commonly manifested by
hoarseness, as the recurrent laryngeal nerve nor-
mally originates from the vagus in the chest and
runs back to the vocal cord in the tracheoesophageal
groove. This cranial nerve injury is touted as the
most common during CEA. The recurrent laryngeal
nerve loops around the subclavian artery on the right
side and the ligamentum arteriosum on the left.
In roughly 1% or fewer cases, the laryngeal nerve
is nonrecurrent and originates from the vagus
nerve in the neck and passes posterior to the carotid
artery.
(5) The external branch of the superior laryn-
geal nerve travels behind the carotid bifurcation to
the true vocal cord. This nerve innervates the
cricothyroid muscle, which maintains the tone of the
vocal cord. Injury may be avoided by careful dissec-
tion around the external carotid and superior thyroid
arteries. Injury results in voice tone fatigue, espe-
cially after prolonged speaking or singing.
(6) The greater auricular nerve is a sensory
nerve to the skin overlying the mastoid process, the
concha of auricle, and the earlobe. It lies on the ante-
rior surface of the sternocleidomastoid muscle and
may be injured when the neck incision is carried
toward the mastoid process. Injury results in skin
numbness around the lower ear and earlobe. This is
the most common nerve injury during CEA.
(7) The mandibular branch of the facial nerve
runs forward from the angle of the mandible and par-
allel to the mandible. Injury results in weakness of
the perioral musculature on the injured side. The
patient may have a facial droop and drool from the
corner of the mouth.
(8) With very high internal carotid exposures, the
glossopharyngeal nerve is at risk for injury. Injury
to this nerve is rare but devastating and results in
difficulty swallowing, which may preclude oral feed-
ing and necessitate placement of a gastrostomy feed-
ing tube. The glossopharyngeal nerve also provides a
branch to the carotid sinus called Hering’s nerve,
which usually traverses posterior or deep to the inter-
nal carotid artery (Fig. 13.4). Use of local anesthetic
to temporarily denervate the carotid bodies can help
with blood pressure and heart-rate control during
CEA if dissection around the bulb causes bradycardia
and hypotension.

c. Prevention of thromboemboli obviously is essen-

tial if neurologic deficits are to be avoided. Thromboem-

bolism is the most common etiology of postoperative



Chapter 13. Great Vessel and Carotid 183

stroke with CEA. The following measures should be
taken to avoid thrombus accumulation and embolism.
(1) During gentle carotid dissection, suction is used
rather than blotting with sponges to keep the opera-
tive field dry. Vigorous manipulation of the carotid
bifurcation may dislodge loose atheromatous mate-
rial from an ulcerated plaque. We therefore prefer
sharp dissection during carotid exposures and mini-
mize any spreading maneuvers.
(2) Before carotid clamping, heparin is adminis-
tered intravenously and allowed to circulate for at
least 3 minutes. Our usual dose is a 5,000-unit bolus.
Others use 100 units per kilogram for dosing.
(8) The inside of the carotid artery is irrigated with
heparinized saline to wash out any loose atheroma or
clot both before a shunt is inserted and before the
internal carotid artery is reopened.
(4) Bleeding of the internal and external carotid
arteries (back-bleeding) and forward bleeding of the
common carotid artery flush out any thrombus or
atheroma that may accumulate behind vascular
clamps. Carotid blood flow also is reinstated up the
external carotid artery for a few cardiac cycles before
opening the internal carotid artery. This sequence of
reopening the carotid branches should allow any
thromboemboli to go out through the external carotid
artery and not directly to the brain.
d. Cerebral protection from clamp ischemia probably
is best achieved by two methods: careful blood pressure
control and cerebral monitoring of some type in con-
junction with either selective or compulsory shunting.
Clamp ischemia is based upon the limits of cerebral per-
fusion and is a lesser cause of stroke with CEA. Infarc-
tion of brain tissue occurs when the flow rate is reduced
to 10cc/100g tissue/min for several minutes. Electrical
quiescence takes place at 15¢¢/100g tissue/min.
(1) Cerebral perfusion is directly related to mean
arterial blood pressure, which was discussed in
Chapter 8. Therefore, prior to carotid clamping, we
remind the anesthesiologist to maintain the blood
pressure in a normotensive to mildly hypertensive
range (140-150 mm Hg systolic; mean arterial pres-
sure of at least 80 mm Hg). If continuous EEG mon-
itoring is used, a diffuse slowing pattern often can be
eliminated by simply raising the patient’s mean arte-
rial pressure.
(2) Shunting during carotid endarterectomy
remains controversial. Experienced surgeons have
demonstrated that with or without shunting, carotid
endarterectomy can be performed with a low inci-
dence of permanent postoperative neurologic deficit
(1% to 3%). The key question is how to identify the
few patients who will not tolerate carotid clamping
long enough for the surgeon to complete endarterec-
tomy without a shunt and, thus, allow for selective
shunting. There are risks associated with shunting,
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which include thrombus formation with potential
embolism and dissection. Under general anesthesia,
the two most common methods to assess adequate
cerebral perfusion during carotid clamping are
carotid stump pressures and EEG monitoring. Our
experience suggests that carotid stump pressures
may not correlate with adequate cerebral perfusion
as indicated by EEG monitoring. Consequently, we
insert a shunt after carotid clamping if focal EEG
changes occur and are not corrected by manipulation
of anesthetic agents or blood pressure. If EEG moni-
toring is not available, a mean carotid stump pres-
sure below 50 mm Hg may indicate inadequate
cerebral collateral flow during carotid clamping.

Even without EEG changes, we often insert a shunt
to allow for an unhurried endarterectomy and to pro-
vide an intraluminal stent which, in our experience,
facilitates a better closure of the internal carotid
artery. For these reasons, in a teaching situation, we
are more likely to use shunting. We also believe that
routine shunting is advisable when the contralateral
internal carotid artery is occluded and when the
patient has had a recent stroke. Finally, in patients
in whom the internal carotid plaque extends high
into the carotid artery, an intraluminal shunt may
make endarterectomy excessively difficult. In such
cases, the endarterectomy of the distal plaque proba-
bly should be performed without a shunt in place. A
shunt may subsequently be inserted to complete the
operation.

Other techniques described for cerebral monitoring
during CEA include the use of spectral analysis mon-
itors, evoked potential monitoring, and cervical block,
awake anesthesia. Spectral analysis quantifies bilat-
eral hemispheric EEG tracings. Ischemia is manifest
as lower number on the affected hemisphere. Evoked
potentials may be motor (cortical) or sensory (periph-
eral) and search for latency and reduced strength or
amplitude in peripheral nerve conduction. Monitor-
ing and stump pressures all lead to a shunting rate
above what is necessary clinically. One very success-
ful strategy to maintain adequate cerebral perfusion
during CEA that minimizes excess shunt use while
avoiding hypoperfusion is use of regional cervical
anesthesia in an awake patient. Problems are patient
tolerance and the amount of dissection required to
achieve a safe and complete operation.

e. The endarterectomy technique should achieve
the two main goals of carotid artery reconstruction (Fig.
13.5). The first goal is adequate removal of the stenotic
or ulcerated plaques. The carotid arteries are clamped
sequentially and a longitudinal arteriotomy is made
from the distal common carotid past the stenosis to nor-
mal ICA. Since atherosclerotic lesions involve the intima
and media, we generally remove the plaques down to the
external elastic lamina. In our experience, such a deep
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Figure 13.5. Standard longitudinal CEA with shunt. CEA, carotid
endarterectomy.

endarterectomy plane has resulted in the removal of
retained media fibers, which may cause recurrent myo-
intimal restenosis, but it has not been associated with
late aneurysm formation. In those with rough residual
carotid artery walls dextran-40 is instituted for
antiplatelet purposes during the procedure at a rate of
25-50 ml/hour. This is continued as the patient’s only IV
fluid for 24 hours postoperatively. Its use must be selec-
tive for several reasons. It is highly hypersomolar and
fluid overload and cardiac failure have been described.
Prior to administration a test dose must be given as ana-
phylaxis is also a known entity secondary to dextran.
The second goal is closure of the arteriotomy so that
stenosis or thrombosis does not occur. A primary closure
of the arteriotomy is usually adequate for very large (>6
mm) internal carotid arteries. Patches are used when
primary closure would cause stenosis or in cases of redo
endarterectomy. Patch angioplasty may protect against
early thrombosis, and there has been a substantial
trend toward more patching by all surgeons in the
recent years. Recent clinical trials indicate that patch-
ing is extremely beneficial in the following situations:

1. Small internal carotid artery (<3.5 mm)
2. Long internal carotid arteriotomy (>3 cm)
3. Women who tend to have small arteries

4. Reoperative endarterectomies.
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Figure 13.6. Eversion CEA. CEA, carotid endarterectomy.

Further trials have now clearly noted that recurrent
stenosis is reduced with the use of patch angioplasty.

An alternative technique is eversion CEA (Fig. 13.6).
In this procedure, the origin of the internal carotid
artery as obliquely amputated at the carotid bulb. A cir-
cumferential endarterectomy is started in a similar
plane and extended beyond the stenosis with the eleva-
tor. The ICA is then everted upon itself beyond the
stenosis where an endpoint is identified and the plaque
gently amputated or removed. Potential advantages of
this technique include no need for prosthetic and the
ability to resect redundant, kinked, or coiled portions of
the ICA and essentially straighten it. Proponents believe
it to have less restenosis than traditional, longitudinal
CEA, and perhaps less stroke risk. Disadvantages in-
clude a more challenging shunting technique and com-
plete bulb dissection with more lability in blood pressure
and heart rate afterward.

In our opinion, low-power magnifying glasses (magni-
fication of 2 to 4) help us perform a more meticulous
endarterectomy and arterial closure. Flow through the
internal and external carotid arteries is assessed by a
sterile continuous-wave Doppler probe. Absence of flow
or an obstructed, monophasic signal indicates thrombo-
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sis or stenosis, which requires immediate thrombectomy
and a patch. Other methods of intraoperative assess-
ment include arteriography or duplex ultrasound. Com-
pletion duplex ultrasound has become standard in many
institutions and is an excellent, noninvasive way to fur-
ther investigate the CEA site.

f. Recognition of postoperative neurologic deficit
ideally is made in the operating room if the anesthesiol-
ogist can awaken and extubate the patient early. This is
the reason that the surgical technician and the back
table as well as those in the operating room should
maintain strict sterile methods until the patient appears
neurologically intact. Otherwise, the patient is moved to
the recovery area and a neurologic examination of gen-
eral motor function is made as soon as the patient is
responsive. In our experience, the earliest signs of a neu-
rologic deficit may be severe hypertension, difficulty in
being awakened from anesthesia, or clumsiness of fine
hand movement. This can be a tricky evaluation in those
with recent stroke as it is not uncommon for them to
awake with an exacerbation of their stroke symptoms.
This is due to the ischemic penumbra of neurons sur-
rounding the area of infarction whose metabolic function
is affected by the decreased blood flow experienced, yet
they are viable. This typically resolves in the first sev-
eral hours to days after the operation.

The proper management of an immediate postop-
erative neurologic deficit must be individualized,
however, the general tenet when this occurs is return
directly to the operating room.

(1) First, the patient’s general cardiorespiratory

status must be stabilized expeditiously. This

includes stabilization of heart rate, blood pressure,

pulmonary ventilation, and blood oxygenation.

(2) Treatment then depends on the location of the

neurologic deficit.
(a) Ifthe deficit is a contralateral hemipare-
sis, a technical problem at the endarterectomy
site may exist. We generally have returned these
patients immediately to the operating room to
examine the endarterectomy site. Two tests may
help determine whether the arteriotomy should
be reopened. First, duplex ultrasound is a sensi-
tive method to ascertain carotid thrombosis or a
major filling defect due to thrombus or a techni-
cal problem (e.g., residual plaque). Second, an
intraoperative carotid arteriogram may also be
done if ultrasound is not available or equivocal.
If these tests are not satisfactory, reexploration
of the artery remains the only way to rule out
technical error.
(b) If the neurologic deficit is diffuse, the
patient may have suffered an internal capsule
stroke, usually caused by a hypotensive episode.
Patency of the carotid arteries should then be
assessed with duplex ultrasound. If the operated
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side is occluded, then reoperation is appropriate.
If both carotid arteries appear widely patent, the
patient should receive supportive care. CT/CTA
of the brain should be performed once the
patient is initially stabilized to search for hem-
orrhage and distal intracranial arterial patency,
and again in approximately 12 to 24 hours to
localize the cerebral infarct area and assess the
amount of cerebral edema or hemorrhage.
Delayed deficits after CEA are typically
defined as occurring 12-24 hours postopera-
tively. Duplex should be performed. If this
appears to be fine, then CTA should be accom-
plished to evaluate the CEA site and the brain
for hemorrhage and CVA. Any question of the
CEA site should instigate arteriography. If this
evaluation path reveals nothing, or CVA is seen
on CT without concern for the CEA site, trans-
thoracic and transesophageal echocardiography
are done to assess for a cardiac source. Should
no sources be identified, augmentation in anti-
platelet therapy or anticoagulation can be insti-
tuted. Faults in the CEA site should lead to
surgical correction and intracardiac thrombus
treated with anticoagulation.
3. Postoperative care.
a. Day of surgery. All patients spend the first 12 to 24
hours after cerebrovascular surgery in an intensive
recovery area, where vital signs and neurologic status
can be continuously monitored. The head of the bed is
elevated 30-45° to diminish edema and facilitate deep
breathing. Antiplatelet therapy is continued without
interruption and we generally try to keep the patient’s
systolic blood pressure below 150 mm Hg and above 100
mm Hg. This may require vasoactive intravenous med-
ications the first 24 hours after CEA. The patient is kept
NPO wuntil the first postoperative morning since re-
exploration is occasionally necessary. While the patient
is NPO, a maintenance intravenous infusion of 5% dex-
trose in water and one-half normal saline is run at 1
mI/kg/h. Antibiotics are continued for 24 hours postop-
eratively. Patients who have undergone staged bilateral
carotid endarterectomies may be insensitive to hypoxia
as a result of carotid baroreceptor trauma. Therefore,
they must be observed for bradycardia, hypotension, and
respiratory distress.
b. Postoperative Day 1. If a wound drain has been
used, it is removed on the first postoperative day.
Patients who are doing satisfactorily resume a normal
diet and all preoperative medications. Clopidogrel can be
safely started 24 hours after CEA if there are no concerns
for neck hematoma. If patients have resumed normal
activities without complications or hemodynamic insta-
bility, they are discharged later the first postoperative
day. Older patients with labile blood pressure or other
medical comorbidities may stay an additional night.
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c. Discharge instructions. Most patients are dis-
charged within 24 to 48 hours after operation. Because
the patient’s full physical strength may not recover for 2
to 4 weeks, we generally advise patients to convalesce
for that period of time before resuming normal working
activities. This is particularly true for activities that
require active neck motion, such as driving. All patients
are rechecked as outpatients 3 to 6 weeks after surgery.
They return to their local referring physician for long-
term management of any medical problems.
. Complications.
a. Early postoperative problems are usually appar-
ent on the day of surgery and require prompt recogni-
tion and treatment.
(1) Immediate and delayed postoperative neu-
rologic deficits are discussed in the section on oper-
ative management (p. 187).
(2) Hypertension is a common postoperative prob-
lem that occurs in approximately 20% of patients
who have carotid endarterectomy. Patients who were
hypertensive before operation, especially if poorly
controlled, are more likely to have severe postopera-
tive hypertension. The incidence of neurologic deficit
and death is significantly higher in these hyper-
tensive patients. Therefore, we strive to maintain
postoperative systolic blood pressure in a range men-
tioned earlier from the minimal normal preoperative
recording to a maximum of 150 mm Hg. Chapter 9
discusses the use of nitroprusside and other antihy-
pertensives in detail. Alterations in blood pressure
due to carotid sinus dissection may require antihy-
pertensive medication manipulation.
(8) Neck hematomas may compromise breathing
and swallowing. Patients with large neck hematomas
should be returned to the operating room for evacua-
tion. If a patient’s respiratory status and hematoma
are stable, no attempt at intubation should be made
until the surgical team is ready to operate. In cases
where respiration is desperately compromised or
bleeding is profuse, nasotracheal intubation and con-
trol of bleeding in the recovery room may be neces-
sary to save the patient. Smaller neck hematomas
may be left alone and usually resolve in 7 to 14 days.
They seldom are complicated by infection. If a pul-
satile mass persists after the major portion of the
hematoma resolves, a pseudoaneurysm should be
suspected and evaluated by ultrasonography.
(4) Local nerve injuries following carotid opera-
tions probably are more common than generally is
recognized or reported. Some degree of cranial nerve
dysfunction affects 5% to 20% of patients. The mech-
anism of injury usually is nerve retraction or clamp-
ing and not transection. Most cranial nerve injuries
manifest as deficits in the recurrent laryngeal and
the hypoglossal nerves. The injuries often are mild or
asymptomatic and will not be detected unless one
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specifically examines for them. For example, one-
third of recurrent laryngeal nerve injuries will go
unrecognized unless direct laryngoscopy is perform-
ed. Therefore, all patients who undergo staged,
bilateral carotid endarterectomy should be
tested by direct laryngoscopy before the sec-
ond operation. Should dysfunction of the swallow-
ing mechanism be suspected, formal swallowing
study evaluation is indicated. Fortunately, most cra-
nial nerve injuries resulting from retraction trauma
will resolve in 2 to 6 months. Time and reassurance
are all the treatment most patients require.
(5) Hyperperfusion syndrome is a rare occur-
rence after CEA. It happens in 1-2% of cases and
usually is seen 3-7 days after CEA. The complete
syndrome occurs as a classic triad of headache,
seizures, and intracranial hemorrhage. Hypertension
usually accompanies the process. It is thought to be
due to poor intracranial arterial autoregulation sec-
ondary to a significant period of time with reduced
extracranial flow. Those at highest risk appear to be
those with very high-grade carotid stenosis, severe
bilateral carotid disease, and poorly controlled hyper-
tension. Treatment is supportive and consists of
blood pressure and seizure control, as well as evalua-
tion for intracranial hemorrhage and significant cere-
bral edema by CT.

b. Late complications of carotid artery reconstruc-

tions are uncommon or at least seldom cause symptoms.
(1) Recurrent carotid stenosis that is sympto-
matic is rare, affecting only 1% to 3% of patients
after carotid endarterectomy, and overall the need for
either operative or interventional therapy after CEA
is 4-5%. Asymptomatic restenosis is detectable in
10% to 20% of patients followed by noninvasive
carotid testing, and is more common in women and
active smokers. High-grade (=80%) restenosis is rare.
The risk of a future stroke in this asymptomatic
group appears to be low. Recurrent lesions have a
striking predilection for the internal carotid artery
near its origin and within the confines of the original
endarterectomy site. Early recurrent lesions (<36
months) are predominantly a combination of intimal
hyperplasia and surface thrombus. Features of recur-
rent atherosclerosis (abundant collagen, calcium
deposits, and foam cells) are more pronounced in late
recurrences.

An important feature that differentiates primary
and recurrent atherosclerotic carotid lesions is the
presence of surface and intraplaque thrombus in 90%
of recurrent stenoses. Recurrent symptoms after
carotid endarterectomy generally require repeat
evaluation and arteriography. Recurrent stenosis is
operatively repaired by repeat endarterectomy and
patch angioplasty, or by patch angioplasty alone if an
endarterectomy plane is not achievable. Segmental
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carotid resection and an interposition vein or ePTFE
graft may also be performed. The rates of stroke and
cranial nerve injury are slightly higher with reoper-
ation. Alternatively, CAS can be utilized.

The need for long-term ultrasound surveillance of
carotid endarterectomy sites is debatable. Since
early restenosis is often a relatively benign process,
asymptomatic restenosis does not mandate reopera-
tion. However, contralateral atherosclerotic asympto-
matic 50% to 79% stenoses have a significant risk of
becoming symptomatic, especially if they progress.
Consequently, we recheck carotid duplex scans on
CEA patients every 6 months for 2 years and then
yearly, and caution patients to report any ipsilateral,
or contralateral neurologic or ocular symptoms.
Since the late results of carotid stent angioplasty are
unclear, these patients should be followed regularly
(e.g., every 6 months).

(2) Carotid pseudoaneurysm may occur after pri-
mary arterial closure or patch angioplasty. In gen-
eral, such pseudoaneurysms should be repaired since
mural thrombus may accumulate and cause cerebral
thromboembolism. Large pseudoaneurysms also may
cause local pressure symptoms. These require inter-
position grafting.

. Carotid angioplasty and stenting (CAS).

(1) It is imperative that the patient be fully awake
with little sedation. Generally, only local groin anes-
thetic is used at the arterial access site. Yet, these
procedures should be done with an anesthetist com-
fortable with cardiovascular anesthesia. A full array
of antihypertensive medications, pressors, heparin,
and atropine should be quickly available. Specifically,
atropine is necessary to counteract the reflex brady-
cardia associated with carotid bulb angioplasty. In
the past, transvenous pacemakers were placed prior
to CAS, however, this in no longer advocated in the
majority of cases.

(2) This procedure begins with safe and adequate
aortic arch and selective carotid and intracranial arte-
riography. Several technically challenging aspects of
CAS have been categorized (Table 13.4). Each of these
plays a role in successful performance of CAS, and
one or several may preclude CAS. The use of embolic-
protection devices such as filters and occlusion-based
technology is now considered standard and a stenosis
that is not amenable to their use should be questioned
(Fig. 13.7). Unprotected pre-dilation with a small bal-
loon may facilitate proper positioning of the stent in
certain cases of very severe stenosis. Arch anatomy
may be especially challenging and has been graded
based on degree of arch angle (Fig. 13.8). Specifically
the distance between the uppermost aspect of the aor-
tic arch and the origin of the innominate and left com-
mon carotid arteries is one reliable predictor of
difficulty in positioning of the necessary sheath prox-
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Table 13.4. CAS Technical Challenges

Technical challenge Category

High-grade stenosis precluding initial EPD
Complex arch anatomy

Compromised femoral access

Tandem stenoses

Circumferential calicification

Internal carotid tortuosity

S U W N

CAS, carotid angioplasty and stenting; EPD, embolic protection device.
(Adapted from Choi HM, Hobson RW, Goldstein J, et al. Technical challenges
in a program of carotid artery stenting. J Vasc Surg. 2004;40:746-751.)

imal to the carotid stenosis. The greater this distance,
the more acute the angle of the aortic arch and the
more difficult the arch will be to maneuver. Type C
arches represent the most difficult in this respect.
Additionally, MRI/MRA data have shown that throm-
boembolic events leading to stroke during carotid
stenting occur almost equally between hemispheres,
which suggests that arch calcification and atheroma
are important causes to consider. Although novel
attempts at accomplishing carotid artery stenting
with arm and neck access sites are described, this pro-
cedure is optimally performed from a standard groin
access and approach. Anatomy contrary to this
approach should lead to consideration for open opera-
tion. Long, tandem stenoses generally fare worse
using CAS. ICA tortuosity may make the stent place-
ment difficult if not impossible, to achieve appropriate
wall apposition. Creation of an area of malapposition
may become a nidus for thrombus development and
thromboemolic complications. Circumferential cal-
cium is an anatomic scenario that may limit stent
expansion and is at higher risk of rupture with bal-
loon angioplasty, and should give pause to the consid-
eration of CAS.

Platforms for CAS are based upon 6 F. guiding
sheaths and monorail systems (see Chapter 11). Bra-

Figure 13.7. Example of a filter anti-embolic device. (FilterWire EZ,
Boston Scientific, Natick, MA, U.S.A.)
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Figure 13.8. Arch anatomic classification: (A) brachiocephalic ves-
sels originate at level of superior arch; (B) more acute arch angula-
tion and innominate and left carotid originate below superior arch
level; (C) severe arch angulation with all brachiocephalic vessels
originating below level of superior arch.

chiocephalic or common carotid artery access, tracka-
bility, and purchase may require 7-8 Fr sheaths. Sys-
temic, intravenous heparin is given prior to selective
catheterization of the brachiocephalic vessels. Acti-
vated clotting times can be monitored to keep this
value above 250 seconds and further boluses may be
necessary. Some use GIIb/IIIa inhibitors, yet these
are associated with increased hemorrhagic complica-
tions. Clopidogrel is continued through the procedure.
If the patient is not on this, they are loaded with 300
mg by mouth the day prior to CAS. Self-expanding
stents are used during carotid artery stenting and
may have either an open or closed cell configuration.
Open cell configurations tend to be more flexible;
however, closed cells provide somewhat more radial
strength and are better at “jailing” atherosclerotic
plaque against the vessel wall and potentially reduc-
ing emboli. Filter distal embolic protection devices
allow antegrade flow during the procedure, whereas
occlusion-based distal embolic protection devices act
like a clamp and cease antegrade flow in the ICA dur-
ing the procedure. Usually, stenoses require placing
the stent across the origin of the external carotid
artery. Tapered stents are now available designed for
this purpose. We have avoided this if the ICA is
straight enough and the lesion is higher in the ICA
such as with restenosis.

(3) Unique complications associated with CAS
compared to CEA include the potential for bilateral
hemispheric events as mentioned previously due to
aortic arch catheterization and manipulation and
complications associated with the access site. These
may comprise bleeding with hematoma, pseudoa-
neurysm, and arteriovenous fistula formation. These
events occur in less than 4% of cases. If at all possible,
one single stent should be used as multiple stents may
increase the risk of thromboembolic complications.
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However, arterial dissection and stent misplacement
may require further stent placement. Soft balloon
angioplasty is critical as profound bradycardia and
hypotension can occur. A unique advantage of CAS is
the ability to accomplish intracranial arteriography
before and after the procedure. This is, in our opinion,
mandatory to document the state of the cerebral ves-
sels and aid in the provision of distal emoli. Should
“neuro rescue” be needed with distal thromboem-
bolization, useful tools may include catheter-directed
thrombolytic therapy, remote catheter thrombectomy,
and intracranial angioplasty and stenting. Proper
antiplatelet therapy and anticoagulation cannot be
stressed enough for CAS.
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cHAPTER 14

Lower-Extremity Ischemia

Lower-extremity arterial disease involves a spectrum from inter-
mittent claudication to limb-threatening ischemia. Up to 20% of
those over the age of 55 have some degree of peripheral arterial
occlusive disease (PAOD). Intermittent claudication, or func-
tional ischemia, of the lower extremities is the most common
manifestation of this PAOD. The term claudication comes from
the latin claudicatio, “to limp.” Limb-threatening ischemia
occurs when there is tissue loss, such as ulceration or gangrene,
or ischemic rest pain. Another term used to describe this is criti-
cal limb ischemia. Causes may include continual progression of
chronic atherosclerosis or acute processes such as plaque rupture
with thrombosis, or embolism. As the term limb-threatening
ischemia indicates, if treatment is not pursued, there is a high
likelihood of amputation.

Patients with claudication may limp or claudicate for several
reasons. The patient’s calf muscles may develop cramping pain
with walking. The hip and thigh muscles may cramp or tire.
Walking also may be limited because of a feeling of diffuse lower-
extremity weakness, numbness, and heaviness. Although claudi-
cation usually is associated with vascular disease, degenerative
hip disease or conditions of the spine such as spinal stenosis, or
“pseudoclaudication,” may cause similar symptoms. Therefore, in
the evaluation of lower-extremity claudication, the physician
must first question the underlying etiology. Is the claudication
caused by arterial occlusive disease or some other problem? The
history and physical exam often can answer this question (see
Chapter 4). Noninvasive testing, including resting segmental
pressures (e.g. ankle-brachial indices; ABI), exercise “stress” seg-
mental pressures, accompanying pulse volume recordings (PVR),
and duplex ultrasound of the aortoiliac, femoropopliteal, and
tibial segments, provide objective data to support or refute the
clinical impression (see Chapter 6).

If the initial evaluation suggests arterial occlusive disease as
the cause of intermittent claudication, the next question concerns
how management proceeds. Which levels of the arterial system
are involved? Should therapy be medical, or should a procedure
such as percutaneous balloon angioplasty, stenting, or atherec-
tomy be entertained, or should an operation be recommended?
And, if surgery is chosen, what operation should be performed? If
acute or limb-threatening ischemia is present, what is the likely
etiology? How quickly is assessment and treatment needed?

This chapter delineates answers to these issues and gives
global evaluation, diagnostic, and therapeutic insight for assess-
ment of those with lower-extremity vascular disease.

I. Patterns of disease. Vascular claudication of the lower limb
generally is caused by an arterial stenosis or occlusion in two
general regions (Fig. 14.1). A common location of stenosis or
occlusion in the superficial femoral artery is at the adductor
canal. In diabetics, infrainguinal disease classically involves the
tibial arteries. The other large anatomic category of claudicants

196
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has occlusive disease localized primarily to the distal abdominal
aorta and iliac arteries with open distal arteries, this is termed
aortoiliac disease. Over time, collateral branches in the groin
and around the knee become well developed when occlusive
disease occurs (Fig. 14.1).

Patient history, physical examination, and noninvasive seg-
mental leg pressures and pulse volume recordings usually can
identify the primary location and objectify the severity of dis-
ease. Since therapeutic decisions are influenced by the location
of occlusive lesions, we categorize patients into five patterns of
peripheral arterial disease (Fig. 14.2).

A. Aortoiliac disease (type 1 and type 2). Type 1, the least

common pattern (10% to 15%), is limited to the distal abdomi-

nal aorta and common iliac arteries. Patients with focal aor-
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Figure 14.1. Arterial anatomy of the lower extremity. The most
common locations of atherosclerotic occlusive disease causing clau-
dication are the aortoiliac region and the superficial femoral artery.
Enlarged drawing of the femoral region demonstrates the major col-
lateral channels of the profunda femoris artery. Enlarged drawing of
the popliteal region shows the genicular collateral network around
the knee connecting the distal SFA to the infragenicular arteries.
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toiliac disease are characteristically between the ages of 35
and 55, with a low incidence of hypertension and diabetes but
a high frequency of heavy cigarette smoking and hyperlipi-
demia. There has been an alarming increase in premature ath-
erosclerotic aortoiliac disease in younger women (age 35 to 50)
who have smoked since adolescence. These patients generally
complain of proximal lower-extremity claudication involving
the hip and thigh muscles with progression to the calf muscles.
In about 15% of such patients, however, the claudication affects
only the calves. Diminished femoral pulses and femoral bruits
are characteristic physical findings. Weak pedal pulses often
are palpable, since the femoropopliteal system is open. Some
men have the tetrad of bilateral hip and buttock claudication,
impotence, leg muscle atrophy and absent femoral pulses,
which is called Leriche’s syndrome. Patients with type 2
disease (20%) have aortoiliac atherosclerotic lesions that also
involve the external iliac arteries extending to the groin.
Final definition of whether the patient has type 1 or 2 aortoil-
iac disease must be made by imaging. Classic findings of
peripheral arterial disease may be present in either of these
two categories of proximal aortoiliac occlusive disease as
well as any of the remaining three categories to be discussed.
Such findings include atrophic skin, dray and flaky skin
include atrophic skin, dry and flaky skin (due to poorly func-
tioning skin appendages), and hypertrophic toenails due to
an ischemic cuticle. Dependent rubor is a late finding but is
classic.

B. Combined aortoiliac and femoropopliteal disease
(type 3). The majority of patients with lower-extremity clau-
dication (66%) have combined aortoiliac and femoropopliteal
disease (type 2), which usually occurs in patients with multi-
ple cardiovascular risk factors: smoking, hypertension, hyper-
lipidemia, and sometimes adult-onset diabetes mellitus. These
patients usually have more incapacitating, higher grade
claudication than is seen in aortoiliac or femoropopliteal
disease alone and often progress to more severe ischemia
problems, such as rest pain, foot ulcers, or gangrene (i.e., crit-
ical ischemia).

C. Isolated femoropopliteal disease (type 4). Patients
with isolated femoropopliteal disease generally present with
calf claudication that starts after the patient walks for some
time and is relieved by stopping for a few minutes. These
patients are older (age 50 to 70) and have a higher prevalence
of hypertension, adult-onset diabetes mellitus, and associated
vascular disease of the coronary and carotid vessels than
those with aortoiliac disease. Like patients with aortoiliac
disease, they frequently are cigarette smokers. They generally
have good femoral pulses but no palpable popliteal or pedal
pulses. Their claudication usually is improved by a supervised
walking program and remains stable for long periods of time
if significant proximal aortoiliac disease is not present. In
fact, the following observations support initial nonoperative
management: Patients over 60 years of age with superficial
femoral artery occlusive disease (a) have a low likelihood of
limb loss (2% to 12% in a 10-year follow-up) if followed closely
on conservative treatment, (b) can expect improvement in
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Type Il

Figure 14.2. Patterns of arterial occlusive disease of the lower
extremitites. Type 1 is limited to the distal abdominal aorta and
common iliac arteries. Type 2 is aortoiliac, involving the aorta, com-
mon iliacs and also the external iliacs. Type 3 involves these areas
and the femoropopliteal region. Type 4 is isolated femoropopliteal
disease with preserved aortoiliac inflow and poplitealtibial outflow.
Type V is combined disease of the femoropopliteal and more distal
tibial arteries.
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symptoms (80%) if the initial ABI is greater than 0.6, and (c)
should undergo evaluation for percutaneous treatment or
reconstructive surgery if the ABI falls below 0.5. Five-year
survival is 70% to 80%, and only 10% will require surgical
revascularization.
D. Femorpopliteal-tibial disease (type 5). These patients
are at highest risk of limb loss over time. This is due to the
poor long-term outcomes with revascularization treatments
for disease in the tibial vessels. Furthermore, within this par-
ticular pattern of disease patients are usually older (over 65)
and have a significant prevalence of diabetes mellitus, smok-
ing, and lipid abnormalities, all of which are significant factors
in disease progression. Diabetes in particular has been impli-
cated in disease progression and is causative in infrapopliteal
disease. Some within this group have classically spared aor-
toiliac and femoropopliteal segments with diffuse, significant
tibial disease. These are usually poorly controlled diabetics
and noted to be of Hispanic and Native American ethnicities.
II. Common clinical scenarios. Understanding the spectrum
of lower-extremity ischemia and how it is classified is vital. This
practical classification helps to break down and define how the
limb ischemia is approached therapeutically. Chronic limb
ischemia (Table 14.1) and acute limb ischemia (Table 14.2) clas-
sifications are available and reveal the spectrum of chronic dis-
ease and help define the imminent viability of the limb,
respectively. Lower limb ischemia in the great majority of cases
is due to atherosclerotic disease, but a large spectrum of vascu-
lar diseases may cause the symptoms (Table 14.3).
A. Claudication (grade I; categories 1-3; Table 14.1) is a
reproducible, consistent pain, ache, fatigue, heaviness, numb-
ness and/or weakness of muscle groups due to exercise-induced
ischemia. Symptoms are absent at rest and abate when exer-
cise is stopped. In general, the symptoms occur in the muscle
groups one level beyond the significant disease. Thus, calf clau-
dication alone usually indicates superficial femoral artery dis-
ease. The addition of the thigh and buttock muscles points to
aortoiliac disease. The disappearance of the symptoms is not
positional as opposed to neurogenic claudication. The natural
history of intermittent claudication due to arterial insuffi-
ciency is a benign one in general. Only 4-5% of those with true
vascular claudication progress to a limb-threatening stage.
Most actually die of associated cardiovascular morbidity,
rather than from factors related to their leg ischemia. Simi-
larly, many patients with asymptomatic but identified athero-
sclerosis of their lower-extremity arteries do not progress to
develop symptoms if their condition is managed carefully. This
being said, there are certain factors associated with advance-
ment of PAOD to the critical point (Fig. 14.3).
B. Critical ischemia. Ischemic rest pain in the lower
extremity may be the first symptom of severe ischemia (grade
II, category 4; Table 14.1). There are many causes of leg and
foot pain in which arterial perfusion to the foot may be nor-
mal. These include diabetic neuropathy, arthritis, venous
insufficiency, and causalgia-type complex regional pain syn-
dromes. Specific features suggest pain to be of ischemic origin.
Ischemic rest pain is sharp and localized primarily to the fore-
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Table 14.1. Categories of chronic limb ischemia
Grade Category Clinical description Objective criteria
0 0 Asymptomatic—no Normal treadmill/
significant occlusive stress test?
disease
1 Mild claudication Complete treadmill
test?; AP after test
>50 mm Hg
I 2 Moderate claudication Between categories
1and 3
3 Severe claudication Cannot complete tread-
mill test?; AP after
test <560 mm Hg
Subcritical limb
ischemia
No resting symptoms  Resting AP <50 mm
or tissue loss Hg, ankle or
metatarsal PVR flat
or barely pulsatile;
TP <40 mm Hg
Critical limb ischemia
1I 4 Ischemic rest pain Resting AP <40 mm
Hg, ankle or
metatarsal PVR flat
or barely pulsatile;
TP <30 mm Hg
5 Minor tissue loss— Resting AP <60 mm
nonhealing ulcer, Hg, ankle or
focal gangrene and metatarsal PVR flat
pedal ischemia or barely pulsatile;
TP <40 mm Hg
111 6 Major tissue loss— Same as category 5

extending above TM
level, functional foot
no longer salvagable

AP, ankle pressure; PVR, pulse volume recording; TP, toe pressure; TM,

transmetatarsal.

a5 minutes at 2 miles per hour on a 12% incline

(Adapted from: Inter-society Consensus for the Management of Peripheral
Arterial Disease (TASC II). J Vasc Surg. 2007;45(suppl S):S29A.)

foot below the ankle and the foot usually has dependent rubor
and elevation pallor. Not uncommonly, patients are awoken by
the pain at night and dangle their foot for relief. Palpable
pulses are absent.

The reason ischemic rest pain is classified as limb threaten-
ing is clear. Once perfusion is so poor that rest pain develops,
95% of people will loose the limb within a year unless revas-
cularization is instituted. An interesting group of patients has
recently been identified as having “subcritical” ischemia. These
patients have severe disease with no apparent symptoms,
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Table 14.3. Arterial diseases causing claudication

Atherosclerosis (PAD)

Arteritis

Congenital and acquired coarctation of aorta

Endofibrosis of the external iliac artery (iliac artery syndrome in
cyclists)

Fibromuscular dysplasia

Peripheral emboli

Popliteal aneurysm (with secondary thromboembolism)

Adventitial cyst of the popliteal artery

Popliteal entrapment

Primary vascular tumors

Pseudoxanthoma elasticum

Remote trauma or irradiation injury

Takayasu’s disease

Thromboangiitis obliterans (Buerger’s disease)

Thrombosis of a persistent sciatic artery

usually due to inactivity, and a resting ankle pressure <50 mm
Hg with a toe pressure <40 mm Hg. Some have nonspecific
symptoms in their leg with exertion, which may be attributed
to the degree of their ischemia but this is usually not clear.
They are at increased risk for progression to limb loss as well,
but almost one-third will still have their limb at one year with-

Smoker

Lipid
abnormalities x3
triglycerides X2

Risk of
developing CLI

Figure 14.3. Influence of risk factors on the development of critical
limb ischemia (CLI) in those with peripheral arterial occlusive
disease (PAOD). ABPI, ankle-brachial pressure index. (From Inter-
society Consensus for the Management of Peripheral Arterial Dis-
ease [TASC II1. J Vasc Surg. 2007;45(suppl S):S10A with permission.)
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out revascularization, and with comorbidities medical man-
agement may be appropriate.

Ischemic rest pain usually does not occur unless the
patient has at least two hemodynamically significant
arterial occlusive lesions (e.g., at least two levels of dis-
ease). Most individuals with rest pain will have one of two
distinct anatomic patterns of occlusive disease that must be
defined before an appropriate therapy can be selected:

1. Combined aortoiliac and superficial femoral arterial occlu-
sive disease (type 3; Fig. 14.2)

2. Femoropopliteal arterial occlusion with distal tibial occlu-
sive disease (type 5; Fig. 14.2)

C. Critical ischemia. Nonhealing ulcers of the distal foot
may also be the result of arterial ischemia (grade III, categories
5 and 6; Table 14.1). Even with arterial perfusion, healing may
be prevented by infection of bone or soft tissue, pressure from
improper footwear, foot malformation, or improper medical
treatment. In this situation the metabolic demand of the local
process outstrips the arterial supply. A good history and phys-
ical should provide information for sorting out the reasons for
poor healing. The sensory neuropathy associated with long-
term diabetes makes diabetic patients susceptible to neuro-
pathic foot ulcers. Such patients may not feel the initial sore
and therefore not present until the ulcer is deep and infected.
D. Critical ischemia. Gangrene is a classic sign of ischemia
in the skin and subcutaneous tissue (grade III, categories 5
and 6; Table 14.1). Dry gangrene is characterized by a nonin-
fected black eschar, whereas wet gangrene has tissue macera-
tion and purulence.
E. Microemboli cause bluish, mottled spots scattered over
the toes (blue toe syndrome), which may be painful. They
also may be mistaken for local traumatic bruises, and their
true significance overlooked. Microemboli may originate from
any point in the proximal arterial system, most commonly
from the heart, aneurysms, or ulcerated plaques.
F. Acute arterial ischemia (Table 14.2) is characterized
by the sudden onset of extremity pain, pallor, paresthesia,
pulselessness, poikilothermia, and sometimes paralysis. If
the patient has a history of claudication or previous lower-
extremity arterial graft, the symptoms may be caused by
thrombosis of a stenotic artery, usually from acute atheroscle-
rotic plaque rupture, or the arterial graft. If the patient pre-
viously had no symptoms of peripheral vascular
disease, the acute ischemia is more likely embolic. The
embolic source is usually the heart, followed distantly by more
proximal atherosclerotic disease.

III. Management.
A. Claudication/functional ischemia. The following princi-
ples are crucial in determining the best treatment for a patient
with intermittent vascular claudication. For most patients,
initial treatment is nonoperative. As mentioned, only 5% to
10% of patients with claudication will require amputation of
an extremity due to progression of the disease in 5 years, most
of whom continue to smoke or who have diabetes mellitus.
Lower-extremity imaging can be accomplished by CTA,
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MRA, or duplex ultrasound. Arteriography should be
viewed as an invasive intent to treat and is not usually
necessary in the majority of patients with recent onset
vascular claudication.
1. Determination of initial treatment is based on the
duration, disability, and progression of the claudication.
Initial management also is influenced by the patient’s med-
ical condition.
a. Duration. If the leg claudication is of recent onset
and is not incapacitating, a trial period of nonoperative
therapy is indicated without the need for an imaging.
This approach is recommended particularly for patients
who are suspected of having a recent superficial femoral
artery occlusion. Although they may experience sudden
severe calf claudication when the artery occludes, their
claudication usually improves in 6 to 8 weeks if pro-
funda femoris arterial collaterals are well developed. In
general, we prefer to follow patients with recent onset of
claudication for at least 3 to 6 months to determine
whether the claudication will stabilize, improve, or
worsen.
b. Disability. We generally ask two important ques-
tions of the patient about the disability imposed by the
leg claudication: Does the leg claudication prevent nor-
mal activity, especially the performance of essential
daily activities or a job? Does the claudication limit
leisure activities that the patient enjoys? In our experi-
ence, the answers to these two questions are more help-
ful in determining patient management than is the
distance the patient can walk before he or she is stopped
by claudication, but this test may provide helpful insight
to the severity of disease.
c. Progression. It is extremely important to determine
whether the claudication is stable or progressing.
Patients who have noted rapid progression of claudica-
tion over 6 months to 1 year are more likely to need arte-
rial reconstruction than are stable claudicants. Patients
with progressive claudication also are more likely to
appreciate any relief that revascularization may provide.
d. Assessment of the patient’s general medical
condition is essential for determining the proper initial
management of claudication. Elective operations for
intermittent claudication should be reserved for patients
who appear to have a low risk of mortality (2% to 3%)
and morbidity. This assessment is discussed in detail in
Chapter 8. Patients with multiple medical problems and
stable leg claudication should be followed until symp-
toms become incapacitating or the limb is threatened by
progression to rest pain, nonhealing ulcers, or gangrene
(i.e., critical limb ischemia).
2. Nonoperative management includes a supervised,
structured walking program and control or elimination of
cardiovascular risk factors. Nonoperative management
includes regularly scheduled follow-up assessments with
noninvasive surveillance. This usually includes either ABIs
or segmental pressures and PVRs. This also allows for
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ongoing assessment of the patient’s peripheral vascular
system as many people with PAOD have concomitant cere-
brovascular, coronary, and aneurysmal disease.
a. Regular lower-extremity exercise increases
metabolic adaptation to ischemia due to walking and
may enhance collateral blood flow. The result is stabi-
lization or improvement of claudication. A variety of
exercise programs can alleviate claudication. A rela-
tively simple program that has helped 80% of our
patients emphasizes the following concepts:
(1) Patients are asked to set aside a definite period
and frequency for exercise in addition to normal
daily activities (e.g., 30 minutes, 3 to 5 days per
week). Exercise every day may be too much activity
for many older patients; consequently, an every-
other-day exercise program is ideal.
(2) Patients are instructed to walk at a comfortable
(not too fast) pace and stop for a brief rest whenever
claudication becomes severe.
(8) This walk-rest routine should be continued for
30 minutes. As the leg muscles adapt to anaerobic
metabolism, the frequency and length of rest stops
will decrease. After 6 to 8 weeks, most claudicants
can double or triple their comfortable walking dis-
tance. In bad weather, the patient may use an indoor
treadmill, walk inside a shopping mall, or use a sta-
tionary exercise bicycle.
b. Risk factor control. Chapter 7 describes the impor-
tant and critical cardiovascular risk factors associated
with PAOD. Smoking cessation, control of hyperlipi-
demias, diabetes mellitus, hypertension, and weight
reduction are imperative if nonoperative management is
to have a maximal effect. Failure of nonoperative man-
agement in the claudicant is usually due to the inability
to quit smoking and control these other factors.
c. Pentoxifylline (Trental, Hoechst Marion Roussel,
Kansas City, MO, U.S.A.) was the first drug approved by
the U.S. Food and Drug Administration for the treat-
ment of intermittent claudication. This rheologic agent
is a methylxanthine that reduces blood viscosity by
improving red blood cell membrane flexibility and
inhibits platelet aggregation. Although the benefits of
pentoxifylline are still debated, a recent meta-analysis
concluded that the drug resulted in an average 29 m
increase in initial claudication distance and a 48 m
increase in absolute claudication distance compared to
placebo.
d. Cilostazol (Pletal, Otsuka Pharmaceuticals,
Rockville, MD, U.S.A.) is a more recent medication for
intermittent claudication. It is a phosphodiesterase III
inhibitor with vasodilator and antiplatelet activity.
Three randomized trials have shown improvements in
initial claudication distance and absolute claudication
distance in the treated groups compared with placebo.
In our practice, pentoxifylline, 400 mg two or three
times daily with meals, or cilostazol, 100 mg twice
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daily, have been combined with a walking program and
smoking reduction for selected patients with mild to
moderate claudication. If walking is improved after 6 to
8 weeks, the drug is often stopped to ascertain whether
exercise and abstinence from tobacco will maintain
improvement. If claudication worsens, the drug may be
restarted. Common side effects of pentoxifylline are gas-
trointestinal upset and dizziness. Some patients can
tolerate only 400 mg twice daily. For cilostazol, the most
common side effects are headache and diarrhea. Cilosta-
zol is contraindicated in patients with class III or IV
congestive heart failure and a significant arrhythmia
history. If used, the dose should be reduced to 50 mg
twice a day for those on calcium channel blockers, keto-
conazole, or erythromycin derivatives as these inhibit
cilostazol’s hepatic metabolism by the P-450 system.
Increased drug concentrations potentiate its risk of
atrial arrhythmias.
We emphasize that drug therapy with pentoxifylline
or cilostazol cannot prevent the need for revasculariza-
tion in patients with severe progressive claudication or
critical ischemia.
3. Indications for invasive therapy in a claudicant.
Patients must be selected carefully for percutaneous thera-
pies or surgery for lower-extremity claudication. Impair-
ment of occupational performance and significant lifestyle
limitation on a low-risk patient are reasonable indications.
In this situation, it is important that a favorable anatomic
situation for percutaneous or surgical reconstruction be
present. The best results are obtained when the occlusive
disease is localized to the aorta and iliac arteries with open
distal vessels. Isolated superficial femoral artery disease
with good (two or more tibial vessels continuous to the foot)
runoff is also a favorable anatomic lesion for treatment.

We generally discourage elective arterial reconstruction
for stable claudication if the primary disease is (a) combined
severe, diffuse aortoiliac and severe femoropopliteal arterial
disease or (b) severe below-the-knee popliteal and tibial
artery disease. Aortoiliac angioplasty/stenting or an
aortofemoral bypass in the setting of a patent, large, well-
collateralizing profunda femoris artery may significantly
improve many patients. However, without this type of runoff
the immediate or staged addition of a femoropopliteal
bypass may be necessary to significantly relieve claudica-
tion when multilevel occlusive disease (type 3) exists. Thus,
aortofemoral reconstruction for claudication in patients
with combined aortoiliac and femoropopliteal disease should
be recommended only when claudication is rapidly pro-
gressing and the aortoiliac disease has advanced to critical
stenoses or occlusions and it is clear that normalizing inflow
with reasonable outflow is likely to provide improvement in
activity level. Likewise, due to reduced durability com-
pared to above-knee reconstructions, below-the-knee
femoropopliteal or femorotibial bypasses should be
limb salvage procedures, and rarely should they be
used to treat claudication alone.
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Currently, the rapid advancement and use of endovascu-
lar therapies has led to readdressing the indications for
intervention for claudication. In general, proponents of
endovascular therapies for claudication believe that such
interventions have lower associated risk to the patient and
ultimately improve activity levels. In addition these propo-
nents point out that in the majority of cases endovascular
therapies do not “burn bridges” for future endovascular or
open surgical reconstruction. At this time, as bodies of evi-
dence are accumulating, we believe there is no definitive
evidence that indications for intervention in claudication
should be changed based solely on the availability of
endovascular therapies (e.g., just because it can be done
doesn’t mean it should be done).

4. Preoperative evaluation.

a. The principles of assessing operative risk and sta-
bilizing chronic medical problems are discussed in
Chapter 8. Mortality for percutaneous, endovascular
therapy should be negligible. Operative mortality for
elective aortoiliac reconstruction or femoropopliteal
bypass for claudication should not exceed 2-3%. The pri-
mary risk to life during vascular reconstructions is coro-
nary artery disease. Significant coronary artery disease
exists in at least 40% of patients with peripheral vascu-
lar disease. In general, we recommend that the neces-
sary surgical procedures for significant coronary artery
disease be performed before elective vascular interven-
tion is attempted.
b. Before elective surgery, patients should be asked
to make a commitment to stop smoking and to not
resume tobacco use after recovery. They should be
informed that the chance of graft failure approaches 30%
in patients who continue to smoke regularly. Elective
reconstruction for claudication in active smokers should
be eschewed, but can be entertained once a significant
and progressive reduction in smoking has occurred to
the point of just a few cigarettes a day. Most of these
individuals will quit completely after hospitalization.
c. Lower-extremity arteriography is performed
only after the decision has been made to intervene
with arterial reconstruction or percutaneous ther-
apy. In our practice, we liberally use duplex ultrasound
to delineate arterial disease prior to arteriogram to aid
in determining the possibility of an endovascular revas-
cularization option prior to arteriography. This is purely
lab dependent. Intravenous contrast may, therefore, be
minimized if inflow and outflow segments do not need
dedicated arteriographic interrogation prior to inter-
vention. Others use CTA and MRA in a similar manner,
while some proceed directly to arteriography and make
an on-table determination of therapeutic options. Ideally,
at least a one-day delay should be allowed before open
surgical revascularization to ensure that renal function
does not deteriorate after the contrast load from the
angiogram. Endovascular therapy can be instituted at
the same sitting as diagnostic arteriography, or delayed
in a staged fashion several days to weeks later.
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Table 14.4. Aortofemoral graft for multilevel occlusive
disease: Predictors of success and need for distal bypass

Emphasis of Predictors of Good Predictors of Need
Evaluation AF-Only Result for Distal Bypass
Proximal disease Absent or severely “Normal” femoral pulse
reduced femoral
pulse
Severe stenosis/occlu- Mild-moderate inflow
sion (arteriogram) disease (arteriogram)
(positive femoral (Negative femoral
artery pressure artery pressure study)
study)?
Distal disease Good outflow tract Poor outflow tract
(arteriogram) (arteriogram)
Index runoff resist- Index runoff resistance
ance <0.2 =0.2b
Intraoperative Improved pulse Unimproved/worse
volume recorder pulse volume recorder
amplitude amplitude profunda

femoris diseased (ori-
gin =<4mm and #3 Fog-
arty inserted <20 cm)

Clinical Nonadvanced Advanced ischemia
ischemic symptoms (necrosis/sepsis)
(i.e., claudication,
rest pain)

AF, aortofemoral.

aFemoral artery pressure study. An iliac stenosis is significant when the rest-
ing pressure gradient across iliac segment is greater than 5 mm Hg or
falls more than 15% after reactive hyperemia or directed injection with
papaverine or nitroglycerin.

bIndex runoff resistance = thigh-ankle pressure difference/brachial pressure

(Adapted from: Brewster DC, Perler BA, Robinson JG, Darling RO.
Aortofemoral graft for multilevel occlusive disease: predictors of success
and need for distal bypass. Arch Surg 1982;117:1593-1600.)

5. Selection of proper procedure in aortoiliac dis-
ease. The choice of operation or endovascular intervention
for claudication depends on the general condition of the
patient, the extent of the atherosclerotic process, and the
experience of the surgeon/interventionalist. The preopera-
tive arteriogram in conjunction with both resting and
“stress” femoral artery pressure measurements, using tech-
niques for distal vasodilation to unmask a stenosis, are the
best determinants of which procedure to undertake in a
given patient (Table 14.4). A well-trained vascular surgeon
should understand the indications and limitations for the
following procedures: aortoiliac endarterectomy, aortoiliac
or aortofemoral bypass graft, femoropopliteal bypass, lum-
bar sympathectomy, transluminal angioplasty, angioplasty
and stenting, and extraanatomic reconstruction such as
axillofemoral and femorofemoral bypasses.
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a. Aortoiliac endarterectomy. In patients with occlu-
sive disease limited to the distal aorta and common iliac
arteries, aortoiliac endarterectomy gives excellent
long-term results, provided the patient eliminates or
controls his or her vascular risk factors. Endarterectomy
is contraindicated in the presence of (a) aortic or iliac
aneurysmal disease, (b) aortic occlusion to the level of
the renal vessels, or (¢) any occlusive disease in the exter-
nal iliac or femoral arteries. The 5- and 10-year patency
rates are 95% and 85%, respectively. However, such focal
aortoiliac disease is currently treated in most patients
by percutaneous balloon angioplasty and stenting with
excellent results at decreased procedural risk. This has
relegated endarterectomy to almost a historical setting.

b. Percutaneous transluminal angioplasty/stent-
ing is currently the initial treatment of choice for focal
arterial lesions that cause claudication (see Chapter 11).
While beyond the full scope of this discussion, the Trans-
Atlantic Inter-Society Consensus documents on the man-
agement of PAOD (TASC I [2000] and TASC II [2007])
have provided anatomic recommendations on the use of
endovascular revascularization (Fig. 14.4). These com-
munications place the growing literature and changing
technology into perspective. Suffice it to say that as ath-
erosclerotic lesions become longer, more tortuous, and
completely occluded, the more difficult are the endovas-
cular solutions. Thus, a focal common iliac stenosis of
less than 3 cm in length has been a lesion well suited to
endovascular treatment (TASC A). Endovascular
recanalization of long iliac occlusions and infrarenal aor-
tic disease, and longer severely diseased iliac lengths
(TASC C and D) are also commonplace as first-line ther-
apy, yet surgery remains superior. Endovascular thera-
pies, however, will only become more widespread as
re-entry technology and stent engineering improves.
Owing to their inferior durability, these reconstructions
require close serial duplex surveillance and repeat inter-
vention as necessary.

Angioplasty results in the iliac system are enhanced
by the addition of stents. Balloon expandable stents are
generally used in the common iliac where the plaque
burden is usually bulky and significantly involved with
calcification. The radial force of these stents is helpful
in this case (Chapter 11). In the external iliac artery, self-
expanding stents are generally used as they are more
flexible in this variably tortuous area. This therapy has
provided a primary patency rate of 70-80% at 4 years.
Consequently, the primary limitation of aortoiliac
endovascular therapy is restenosis, which affects
20% to 30% of patients within 3 to 5 years. These current
results indicate that repeated endovascular intervention
may be required to achieve satisfactory, long-term relief
of symptoms. The impact that newer technologies, such
as cutting balloons, cryoplasty, re-entry devices, and both
directional and laser-based atherectomy devices, may
have on these results remains to be clarified.
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TASC 2007 Classification of Aortoiliac Disease Lesions

Type A lesions /\
« Unilateral or bilateral stenoses of CIA / ‘\
< Unilateral or bilateral single short

(<3 cm) stenosis of EIA

Type B lesions
 Short (<3 cm) stenosis of infrarenal aorta

dL
< 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

« 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

Type D lesions

=¥ E:
« 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 L

< Unilateral occlusions of both CIA and EIA

« Bilateral occlusions of EIA

« |liac stenoses in patients with AAA requiring /\\
treatment and not amenable to endograft
placement or other lesions requiring open \ / \
aortic or iliac surgery

Figure 14.4. TASC 2007 anatomic classification of aortoiliac disease
lesions. Current recommendations for treatment include: endovascu-
lar results acceptable for type A, surgery superior for type D. For
type B, endovascular treatment is preferred, while if a good surgical
candidate, surgery is preferred for type C. The patient’s comorbid
condition, treatment preference after being informed, as well as the
operator’s experiences must be contemplated for a reasonable deci-
sion. (From Inter-society Consensus for the Management of Periph-
eral Arterial Disease [TASC II]. JJ Vasc Surg. 2007;45(suppl S):S49A
with permission.)

c. Aortofemoral bypass. The majority of patients with
incapacitating claudication due to diffuse, high-grade
occlusive disease including the aortoiliac segments will
ultimately require a bypass graft of the aortoiliac
segments for durable relief (>5 years). Aortofemoral
bypass grafts are preferred to aortoiliac bypass grafts,
because, not uncommonly, the external iliac segment
eventually becomes obliterated by progressive arte-
riosclerosis, albeit usually after the distal aorta and com-
mon iliac arteries. Subsequent downstream repair
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becomes necessary in approximately 25% to 30% of
patients who are initially treated by aortoiliac bypass,
compared to 10% to 15% of patients who undergo
aortofemoral bypass initially. In selected patients with
unilateral iliac occlusive disease, unilateral aortoiliac or
aortofemoral bypass grafts or endarterectomy may be
performed through a retroperitoneal approach. Five-year
patency rates of 70% to 80% are encouraging and indi-
cate that iliac-origin arterial grafts are useful in situa-
tions where one wants to avoid transabdominal, or
retroperitoneal aortofemoral grafting or extraanatomic
bypasses. The primary patency or aortobifemoral bypass
grafts is 85-95% at 5 years. It remains one of the most
durable reconstructions in vascular surgery.

d. Extra-anatomic axillofemoral or femorofemoral
bypasses, in our practice, are useful only in a very lim-
ited group of patients with severe claudication. The most
suitable candidates are those with the following:

1. Iliac occlusion on the symptomatic lower extremity
and a normal contralateral iliac artery in the case of
planned femorofemoral bypass or axillary artery in
the case of planned axillofemoral bypass

2. Previous postirradiation intestinal obstructions or fis-
tulas that discourage intra-abdominal aortofemoral
reconstruction

3. Known extensive postsurgical abdominal adhesions

4. Significant cardiopulmonary comorbidities and cate-
gory 3 claudication or subcritical ischemia

Direct aortoiliac reconstruction for claudication is
preferable to extraanatomic bypass. As such, if the
patient is a candidate for direct reconstruction but has
the above drawbacks, retroperitoneal aortofemoral
grafting, or thoracofemoral bypass are also excellent
options. When done by experienced hands, aortoiliac
reconstruction is safe and, as stated, provides a very
durable result in 85% to 90% of patients at 5 years. In
contrast, 5-year patency for femorofemoral bypass and
axillofemoral bypass for claudication ranges from 50%
to 75%.

e. Elective aortoiliac reconstruction for occlusive
disease is generally not combined with other nonvas-
cular, intra-abdominal operations. For example, we
favor leaving asymptomatic gallstones alone despite the
recommendations of others to do a cholecystectomy if
there are no mitigating circumstances. Although the
morbidity of adding cholecystectomy may be low, addi-
tional procedures do increase the risks of complications.
Also, postoperative cholecystitis secondary to cholelithi-
asis is rare in our experience. Most postoperative chole-
cystitis is acalculous and occurs in patients who have
been in shock and have the so-called splanchnic shock
syndrome. Occasionally, however, we discover inciden-
tally a gallbladder with cholelithiasis and chronic
smouldering cholecystitis during operative exploration.
If the aortic reconstruction goes well, we may perform



Chapter 14. Lower-Extremity Ischemia 213

cholecystectomy after the retroperitoneum and femoral
wounds have been closed to cover the prosthetic graft.
f. Prior to hospital admission, complete history,
physical examination, and routine diagnostic studies are
performed. Baseline studies include a complete blood
count, chest x-ray, 12-lead electrocardiogram (ECG),
serum electrolytes, creatinine, blood sugar, liver function
tests (bilirubin, serum glutamic-oxaloacetic transami-
nase, alkaline phosphatase, total protein, albumin),
platelet count, prothrombin time (PT), partial thrombo-
plastin time (PTT), fasting serum cholesterol and triglyc-
erides, calcium, phosphorus, and pulmonary function
tests in patients with chronic lung disease. Any preoper-
ative consultations with other specialists are arranged
before admission.
(1) The patient is typed and cross-matched for 2 to 4
units of packed red blood cells for aortic operations
and typed, screened, and held for femoropopliteal and
extra-anatomic reconstructions. If autotransfusion is
planned, arrangements are made for its availability.
(2) Generally, we do not use bowel preparation for
aortic surgery. Should supraceliac cross-clamping be
anticipated, however, a prep is initiated as the liver
ischemia in conjunction with gut ischemia and possi-
ble bacterial translocation has been implicated in
operative coagulopathy. For bowel preparation, the
patient receives clear liquids and a laxative (e.g.,
magnesium citrate, 120-250 mL p.o.) 24 hours before
surgery in conjunction with a standard neomycin/ery-
thromycin oral preparation.
(3) Since elective arterial patients may have chronic
intravascular volume depletion from diuretics and
acute dehydration from contrast loads and a bowel
preparation, an intravenous infusion of Ringer’s lac-
tated solution at 100 to 125 mL/h is started before
surgery. Depending on individual patient require-
ments, such hydration may take 6 to 12 hours prior
to operation. Thus, selected patients will require hos-
pital admission on the evening prior to aortic surgery.
(4) Skin preparation includes shaving hair in the
operative field as close to the time of operation as pos-
sible to minimize bacterial colonization of the shaved
areas. A shower with hexachlorophene, chlorhexidine
gluconate, or povidone- iodine soap also is done as
close to the time of operation as possible, usually just
before the intravenous infusion is started.
(5) Patients are instructed in deep breathing and
coughing, as well as in the use of an incentive spirom-
eter. We also teach the patient leg exercises that are
used as prophylaxis against deep venous thrombosis,
for stimulation of lower-extremity blood flow, and for
maintenance of leg muscle tone prior to ambulation.
(6) Preoperative prophylactic antibiotics are admin-
istered intravenously when the patient is called to
the operating room. A semisynthetic penicillin or a
cephalosporin is used. For patients with a history of



214 Section V. Disease-Specific Care

penicillin allergy, the cephalosporins are avoided
and the patient receives another antibiotic (e.g., van-
comycin, 500 to 1,000 mg, or clindamycin 600 to
900 mg) with good coverage for hospital-acquired
organisms.
g. Operative principles of aortofemoral bypass.
The complete details of operative technique are beyond
the scope of this handbook. Other operative atlases
describe specific techniques for arterial reconstruction
in a more detailed manner. Yet, certain principles of
intraoperative care do warrant emphasis here.
(1) Patient positioning. The patient is kept in
the supine position with the electrocautery ground
beneath the buttocks. The arms generally are
adducted to the sides. Ischemic heels are elevated
or wrapped with a soft dressing to prevent pressure
sores.
(2) Skin preparation. The operating room should
be warmed (70°F to 75°F) during the skin prepara-
tion to reduce heat loss from the patient. The skin
preparation extends from the nipples to the knees
for aortofemoral reconstructions and to the toes
for patients who may require an associated femoro-
popliteal bypass. Care must be taken to avoid pooling
of the preparatory solution beneath the patient,
especially in contact with the electrocautery ground.
Full-thickness chemical skin burns can result from
pooling and prolonged contact with the solution.
After application of the antiseptic preparatory solu-
tion, the skin is covered with a plastic Steri-Drape
(3M Health Care, St. Paul, MN, U.S.A.). Although
Steri-Drapes may not reduce the incidence of wound
infection, we recommend their use to prevent contact
of graft materials with the skin, which may contam-
inate the graft.
(3) Intraoperative monitoring. All lower-
extremity arterial reconstructions are monitored with
a pulse volume recorder (PVR), or continuous wave
Doppler for evidence of appropriate distal flow. As a
general rule, PVR cuffs are placed one limb segment
below the anticipated reconstruction site (i.e., at the
calf for aortofemoral bypass and at the ankle for
femoropopliteal bypass). A baseline recording is
made. Additional recordings are made immediately
following the arterial reconstruction and before the
patient leaves the operating room. Sterile cuffs should
be used in the operative field. Alternatively, objective
changes in CWD signal characteristics are used.
(4) Systemic anticoagulation. Heparin is used for
systemic anticoagulation while the aorta and distal
arteries are clamped. Our experience has indicated
that an adequate heparin dose is 3,000 to 5,000 units
given intravenously 5 minutes before aortic clamping
and an additional 1,000 U given every 45 minutes
afterward unless clinical judgment speaks against
this. Although monitoring of heparin effect may not
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be necessary, we prefer to check an activated clotting
time (ACT) before and after heparinization. An ACT
of 200 to 300 seconds is adequate for most cases.
Smaller additional doses of heparin (500 to 1,000
units) are given during regional irrigation of the iliac
and major femoral artery branches. Reversal of
heparin is optional at the termination of the proce-
dure. In general, heparinization with the above doses
does not require reversal, since the heparin effect
diminishes in about 90 minutes. However, if one
chooses to reverse heparinization, ACTs are the pri-
mary method used to monitor reversal with prota-
mine sulfate (0.5 to 1.0 mg for every 100 U of heparin
remaining).

(5) Intraoperative diuretics. Diuresis must be
established prior to aortic clamping to keep urine
output at 0.5 to 1.0 cc/kg/hour. Infrarenal aortic
clamping diminishes renal cortical blood flow which
can be prevented by intravascular volume expansion
and administration of the osmotic diuretic mannitol.
We give 12.5 to 25.0 grams of mannitol intravenously
just before clamping the aorta. When needed, small
(10 to 20 mg) doses of furosemide are added. In addi-
tion, dopamine (2 to 3 pg/min IV) may cause renal
vasodilatation. In those with renal insufficiency,
fenoldopam, a 8-1 selective receptor agonist, is advo-

Figure 14.5. Types of open aortoiliac reconstruction. Aortoiliac
endarterectomy (B) is an option for occlusive disease localized to the
distal abdominal aorta and common iliac arteries. It has mostly been
replaced by endovascular therapies for this focal pattern (A). For
aortofemoral grafting, the proximal anastamosis may be performed
end-to-side (C) or end-to-end (D). (Adapted from Darling RC, et al.
Aorto-iliac reconstruction. Surg Clin North Am. 1979;59:565-579.)



216 Section V. Disease-Specific Care

cated to increase renal cortical blood flow and tubu-
lar filtration during aortic clamping and is used at
0.01-0.05 pcg/kg/min.

(6) Proximal aortic anastomosis. Controversy
continues over whether the proximal aortic graft
anastomosis should be end-to-end or end-to-side
(Fig. 14.5). Our experience strongly favors end-to-end
aortic anastomosis. Its primary advantages are as
follows:

1. The origin of the graft is from a higher and less
diseased part of the infrarenal abdominal aorta.

2. A better hemodynamic situation, as the aortic
blood flow is direct through the graft without com-
petitive flow from the distal aorta.

3. A more anatomic position and better retroperi-
toneal coverage as a segment of infrarenal aorta is
resected prior to placement of the graft. The onlay
or end-to-side aortic anastomosis leaves the graft
protruding anteriorly. For this reason, the end-to-
side graft seems more likely to adhere to adjacent
bowel and cause aortoenteric fistula.

4. Exclusion of the diseased infrarenal and iliac seg-
ments is achieved and this may reduce the possi-
bility of later atheroembolization.

Situations where an end-to-side is preferable
relate to renal and gut perfusion and are as follows:

e When there are accessory renal arteries supplying
significant parenchyma from the infrarenal aorta.

e A large inferior mesenteric artery is present and
antegrade flow in the IMA is desired for adequate
colon perfusion.

e When significant disease is mainly located in the
external iliac arteries. In this situation, antegrade
pelvic blood flow is preferred, as end-to-end will
greatly reduce pelvic blood flow as retrograde flow
will not exist.

(7) Distal anastomosis in aortofemoral bypass has
a significant influence on graft patency. The leading
cause of late aortofemoral graft failure is loss of out-
flow and this can be minimized if the correct distal
configuration is chosen. There are five methods of
distal anastomosis (Fig. 14.6).

Type 1, anastomosis to the common femoral artery,
is preferred for patients with widely patent pro-
funda femoris and superficial femoral arteries.

Type 2 anastomosis carries the graft onto the
proximal superficial femoral artery and is rec-
ommended when the orifice of the superficial
femoral artery is stenotic but the distal arteries
and profunda femoris artery are otherwise normal.

Type 3 anastomosis (known as profundaplasty)
carries the graft onto the profunda femoris
artery and is recommended for patients with
extensive superficial femoral artery disease or
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Superficial -3
femoral

72

Figure 14.6. Types of femoral anastomosis for aortofemoral bypass
grafts: (1) type 1 anastomosis to the common femoral artery; (2) type
2 anastomosis, in which the graft is carried onto the proximal super-
ficial femoral artery; (3) type 3 anastomosis, in which the graft is
carried onto the profunda femoris artery; (4) type 4 anastomosis,
involving only the profunda femoris artery; (5) type 5 anastomosis,
involving a patch angioplasty of both the superficial and deep
femoral arterial orifices. (Adapted from Darling RC, et al. Aorto-
iliac reconstruction. Surg Clin North Am. 1979;59:565-579.)

occlusion. In most patients, the profunda femoris
artery is of adequate diameter (3 to 4 mm) and
length (15 to 20 cm) to maintain aortofemoral graft
flow and perfuse the leg via collaterals.

Type 4 anastomosis is done only to the pro-
funda femoris artery. It is necessary when the
common femoral and superficial femoral arteries
are extensively obliterated.

Type 5 anastomosis splits the hood of the graft
to patch proximal stenoses of both the superficial
femoral and the profunda femoris arteries.

The need for concomitant distal bypass in conjunc-
tion with aortofemoral bypass occurs in some 17-20%
of cases, but these are in the scenario of limb-threat-
ening ischemia and will be discussed subsequently.
(8) Revascularization of the inferior mesen-
teric artery (IMA), by either bypass or reimplanta-
tion, should be performed when the superior
mesenteric artery is occluded and a large (>3.5 to 4.0
mm) inferior mesenteric artery is present. Also, if the
IMA is patent but shows poor back bleeding at the
time of aortic reconstruction, or an IMA pressure is
transduced at <40 mm Hg, strong consideration to
IMA reimplantation should be given.
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6. Femoropopliteal bypass for stable claudication is
being performed less frequently now than it was in the past.
Long-term follow-up of patients with leg claudication from
a solitary superficial femoral artery occlusion indicates
that nonoperative treatment often stabilizes the problem.
In addition, progression of proximal aortoiliac disease may
lead to poor inflow to a femoropopliteal bypass and eventual
hemodynamic graft failure, often within 5 years. Therefore,
patients who undergo femoropopliteal bypass for claudica-
tion alone should have a good anatomic situation, which
includes normal aortoiliac inflow, a patent popliteal artery
above the knee with two- or three-vessel runoff, and a high
likelihood of an available saphenous vein. All evidence con-
tinues to suggest autogenous saphenous vein remains
superior to all other graft materials for durability of a
femoropopliteal bypass. However, use of Dacron or ePTFE
prosthetic for above-knee femoropopliteal bypass for claudi-
cation remains accepted. Today, endovascular therapies are
also reducing the number of femoropopliteal bypasses per-
formed. Hybrid procedures may be used to treat both the
aortoiliac inflow with endovascular techniques such as iliac
angioplasty and stenting with concomitant femoropopliteal
bypass grafting. Alternatively, iliac disease may be bilater-
ally treated by endovascular means in one setting, with
staged femoropopliteal endovascular intervention or surgi-
cal bypass.

7. Femoropopliteal percutaneous endovascular
intervention for functional lower-limb ischemia is now
commonplace. Purported benefits of endovascular SFA
intervention include decreased morbidity and mortality, no
incisions, no need for and preservation of autogenous con-
duit, decreased hospital stay and resource utilization, and,
finally, less social and family stress. Further, early evidence
suggests that there is a limited downside to endovascular
therapy in that recurrent endovascular intervention is pos-
sible and surgical options and distal targets are not com-
promised.

Similar to aortoiliac disease, TASC 2000 and TASC 2006
have delineated the currently held treatment opinions on
anatomic classification of femoropopliteal disease (Fig.
14.7). Endovascular therapy appears appropriate for more
focal, simple (TASC A) lesions. The more lengthy, calcified,
and recurrent a stenosis or occlusion (TASC D) is, the less
amenable it is to endovascular therapy.

Some debate has centered on superiority of primary
stenting in the SFA. With the advent of nitinol alloy stent
engineering, it appears now that when using these self-
expanding stents, restenosis, objective ankle pressure
improvements, and clinical success are superior to angio-
plasty alone at 1 year. Moreover, the impact and indications
for directional atherectomy, laser atherectomy, ePTFE cov-
ered stents, drug-eluting stents, cryoplasty, cutting-balloon
angioplasty, new re-entry devices, and embolic protection
devices in the SFA are currently being studied. Currently,
even using nitinol stents, primary patency of SFA interven-
tions is roughly 50% to 60% at 3 years. Assisted primary
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TASC 2007 Classification of Femoropopliteal Disease Lesions

Type A lesions

« Single stenosis <10 cm in length

« Single occlusion <5 cm in length

Type B lesions

« Multiple lesions (stenoses or occlusions),
each <56 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 /] [\ /I I\ /] [

« Heavily calcified occlusion <5 cm in length
« Single popliteal stenosis

Type C lesions

 Multiple stenoses or occlusions totaling
>15 cm with or without heavy calcification

« Recurrent stenoses or occlusions that need
treatment after two endovascular
interventions

Al

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

Figure 14.7. TASC 2007 anatomic classification of femoropopliteal
lesions. Current recommendations for treatment include: endovascu-
lar results acceptable for type A, surgery superior for type D. For
type B endovascular treatment is preferred, while if a good surgical
candidate, surgery is preferred for type C. The patient’s comorbid
condition, treatment preference after being informed, as well as the
operator’s experiences must be contemplated for a reasonable deci-
sion. (From Inter-society Consensus for the Management of Periph-
eral Arterial Disease [TASC II]. JJ Vasc Surg. 2007;45(suppl S):S51A
with permission.)

patency has been shown to be improved compared to this,
and the overwhelming majority of recurrent procedures
necessary are also endovascular. Therefore, some feel that
this type of therapy is comparable to prosthetic femoro-
popliteal bypass overall.

8. Lumbar sympathectomy alone is not considered ade-
quate treatment of lower-extremity claudication. However,
sympathectomy may be beneficial occasionally for ischemic
rest pain, microembolic phenomenon, or foot sores when
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poor runoff and inadequate vein for a bypass are present
and the ABI is greater than 0.35.
B. Critical/limb-threatening ischemia.

1. Prompt recognition of the signs of critical limb
ischemia and timely initiation of therapy are necessary if
the limb is to be saved (Table 14.2). The initial patient eval-
uation, therefore, must determine whether the patient needs
emergent treatment or a less emergent diagnostic workup.
This determination is based primarily on the patient history
and physical examination supplemented by the results of
noninvasive vascular tests and radiologic studies. In gen-
eral, decompensation of longstanding ischemia due to ather-
osclerosis is less emergent than embolic acute ischemia due
to significant collateral development in the former.

A number of diagnostic tests are available to quickly
determine the best treatment plan for the threatened limb.
Tests should be selected to provide the maximum amount
of information with the minimum amount of discomfort
and delay for the patient, who often is experiencing consid-
erable pain.

a. Noninvasive vascular testing. Continuous wave
Doppler and pulse volume recording (PVR) are simple
yet accurate methods to determine criteria for ischemic
rest pain and the likelihood of healing (see Chapter 6).
Ischemic rest pain generally is associated with a Doppler
ankle pressure below 35 mm Hg in nondiabetics (ABI of
0.3 to 0.4) and below 55 mm Hg in diabetics. Ischemic
rest pain is unlikely when ankle pressures exceed 55
mm Hg in the nondiabetic and 80 mm Hg in the diabetic.
Foot ulcers that are not infected and not associated with
osteomyelitis have a favorable chance of healing if the
ankle pressure is above 65 mm Hg in the nondiabetic
and above 90 mm Hg in the diabetic. Ankle and forefoot
PVRs that are less than 5 mm or flat, predict ischemic
rest pain and poor tissue healing. Toe pressures of less
than 20 to 30 mm Hg are also associated with advanced
ischemia. A minimal TP suggesting adequacy for healing
is 40 mm Hg. Resting supine transcutaneous oxygen
(Tco,) measurements of less than 20 to 30 torr are
indicative of severe ischemia, especially if forefoot Tco,
levels fall to less than 10 torr with leg elevation.

b. Plain radiograph of the bone underlying an ulcer

may show signs of osteomyelitis, including bone rarefac-
tion, periosteal elevation, and new bone formation. A
bone scan or MRI is indicated when osteomyelitis seems
likely but a plain radiograph is negative. Bone changes
may not be apparent until osteomyelitis has been active
for 2 to 3 weeks.

c. Cultures and Gram’s stains should be made of all
ulcers to identify any residing organisms and histologic
stain also may reveal fungi.

d. An ECG is essential when arterial embolism is sus-
pected, as atrial fibrillation is a common underlying
condition. For cases in which intermittent arrhythmia is
suspected, a 24-hour continuous ECG monitor (Holter)
may be used.
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e. An echocardiogram should be done as part of the
diagnostic workup for arterial embolism that may origi-
nate from the heart. The echocardiogram may reveal a
diseased valve or mural thrombus. Transesophogeal
echocardiography (TEE) is indicated if cardioembolism
is highly suspected.
f. Duplex ultrasound of the aortoiliac segment also
should be performed in the evaluation of thromboem-
boli, since emboli may be shed from a thrombus in an
abdominal aortic aneurysm, or significant occlusive dis-
ease. If a femoral or popliteal aneurysm is suspected as
a result of physical examination, ultrasound is an accu-
rate method to confirm peripheral aneurysms that also
may act as the source of emboli or acute thrombosis. If
Duplex is unremarkable a CT scan of the thoracic aorta
may be necessary, as this segment can be diseased and
lead to embolism.
g. Arteriography remains the definitive method to
delineate the exact level of arterial occlusion and to
define vascular anatomy before selecting a proper inter-
vention (i.e., thrombolysis, other percutaneous therapies,
or surgical revascularization). If the femoral pulses
are weak or absent, an aortogram with runoff is needed.
If femoral pulses are normal and the arterial occlusive
disease appears localized to the leg alone, a transfemoral
arteriogram of the affected leg may suffice. A femoral
artery pressure study may be done to assess the ade-
quacy of the proximal aortoiliac inflow (see Chapter 6).
Contrast angiography with digital subtraction techniques
can generally visualize distal tibial or plantar arch ves-
sels. In the operating room, a sterile Doppler probe can be
used to localize a tibial or pedal artery before surgical
incision. Although the presence of a patent pedal arch on
arteriography was once considered predictive of success
for femorodistal bypass, more recent studies report rea-
sonable patency rates and limb salvage in patients in
whom the pedal arch appears absent or diseased.
h. Coagulation and platelet function should be ana-
lyzed in patients who present with atypical arterial
thrombosis (See Chapter 3). This group includes young
adults (age 20 to 40 years) with arterial occlusive disease
and other individuals with recurrent arterial throm-
boembolism.
2. Management may begin after it has been determined
whether the patient has acute or decompensated chronic
limb ischemia. In our experience, the following principles
provide the best chance of limb salvage. The general dictum
of treatment is that ischemia of class IIb requires an imme-
diate trip to the operating room for simultaneous evalua-
tion and treatment. Class III ischemia should usually be
treated with primary amputation. With lesser degrees of
ischemia, individualization of diagnosis and treatment is
recommended.
a. Acute limb ischemia is usually caused by a throm-
boembolus, popliteal aneurysm thrombosis, or a sudden
arterial or graft occlusion. Thrombosis of a chronic arte-
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rial stenosis may cause temporary pain, pallor, and
paresthesia, but usually it does not progress to paraly-
sis. The acute symptoms often resolve because of previ-
ously developed collateral vessels.
(1) Immediate treatment should include systemic
heparinization (5,000 to 10,000 units IV, then 1,000
units/h adjusted to maintain the APTT to twice base-
line, usually 60 to 90 seconds) to prevent further
propagation of thrombus. If leg pain is severe, a nar-
cotic may be administered while further tests are
arranged.
(2) Initial diagnostic tests should include routine
blood counts, electrolytes, glucose, and baseline coag-
ulation studies (prothrombin time, partial thrombo-
plastin time, and platelet count). An ECG should be
done to check for atrial fibrillation and any sign of
acute myocardial infarction.

Continuous wave Doppler may be used to localize

the level of obstruction and record ankle pressures.
Absence of arterial signals at the ankle almost
always means that urgent surgical intervention will
be necessary (class IIb or III ischemia; Table 14.2). If
the ankle has monophasic Doppler signals and the
foot has sensation and movement (class I or IIa), 2 to
3 hours may be allowed for workup, initial therapy,
and observation. If the leg does not improve during
this time, urgent surgical intervention will generally
be necessary.
(3) An emergency arteriogram usually is per-
formed to determine the location of the arterial occlu-
sion as well as the inflow and outflow on either side.
This can be performed in a radiographic suite or the
operating room. Today, newer endovascular operat-
ing rooms have been developed for just such clinical
situations. However, arterial exploration in the oper-
ating room should be undertaken immediately if the
acute occlusion is clearly an embolus. Intraoperative
arteriograms can be performed if necessary. Time is
important in acute arterial occlusion, as irreversible
nerve and muscle damage may occur within 6 hours.
(4) The choice of procedure for an acute arterial
occlusion will depend on the underlying etiology.
Thromboembolectomy with Fogarty balloon cath-
eters is the operation of choice for thromboemboli.
Thrombectomy of the femoral or iliac arteries can be
accomplished through a femoral arteriotomy. A popli-
teal embolus should generally be extracted through a
popliteal arteriotomy, so that each tibial artery may
be checked for clot. Passing a catheter from the groin
will not clean out all of the tibial arteries. Extracted
thromboemboli should be sent for pathologic exami-
nation, as occasionally arterial tumor embolism will
be the first manifestation of an atrial myxoma or
other vascular tumor. After embolectomy, the patient
should be continued on heparin, followed by long-
term warfarin sodium (Coumadin) therapy.
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Bypass grafting of an arteriosclerotic occlusion
of the iliac or superficial femoral artery may be nec-
essary to salvage the acutely ischemic leg. In another
example, a few seriously ill cardiac patients who are
dependent on a transfemoral intra-aortic balloon
assist device will develop limb-threatening ischemia.
An emergency femorofemoral bypass may be neces-
sary if the balloon must remain in place for cardiac
support. Another difficult situation to deal with is
acute popliteal aneurysm occlusion. Classically, oper-
ative bypass has led to 40-50% limb loss in these
patients. The addition of preoperative thrombolytic
therapy both to open the distal outflow and to allow
a better distal target evaluation has reduced this to
about 10% to 20% (Chapter 11).

If the acute arterial ischemia is caused by a graft
occlusion, regional thrombolytic therapy (uroki-
nase or tPA), either pulsed during operation (2-5mg
tPA; 250,000 IU urokinase), or pulse spray with
subsequent drip therapy (0.05-0.1mg/kg/hr tPA,;
1,000-4,000 IU/hr urokinase) for 12 to 24 hours via a
percutaneous thrombolytic catheter placed across
the occlusion at the time of initial arteriogram may
reopen the graft and reveal the cause of the occlusion
(e.g., distal anastomotic stenosis, proximal inflow
disease, or graft pathology or kinking). Some degree
of systemic heparinization either intravenously or
via the arterial sheath should accompany this
process. Once the cause is identified, a more focused
later staged operation or endovascular procedure
(e.g., angioplasty = stent, atherectomy, balloon
angioplasty of graft stenosis, etc.) can be undertaken.
Also, newer mechanical, rheolytic thrombectomy
devices, which can suction and/or macerate/particu-
larize thrombus, may be helpful in completely clear-
ing thrombus from occluded grafts and arterial
segments. Their practical application is currently
being defined.

This same approach can also be used for treatment
of acute native arterial occlusions, such as that men-
tioned above for popliteal aneurysm thrombosis.
Data evaluating the use of thrombolysis in arterial
occlusions are mixed and confusing, but with lower
grade acute ischemia and significant thrombus bur-
den, thrombolysis may be beneficial. Possible bene-
fits include the opening and improvement of outflow,
identification of a focal culprit lesion amenable to a
less-invasive endovascular procedure, or influencing
the level of distal anastomosis required with surgical
bypass and thus affecting durability of the recon-
struction. The trade is a higher likelihood of bleeding
complications. Not uncommonly the limb appears to
clinically deteriorate with drip thrombolytic therapy
as thrombus becomes unstable, and particles
embolize. This usually improves but close observa-
tion is required.
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Figure 14.8. Bed position for patients with ischemic rest pain of the
lower extremity. The head of the bed is elevated 6 inches to improve
arterial perfusion of the pedal circulation by gravity. Sheets are
draped over a footboard to alleviate pressure on the feet and either
lambswool or gauze placed between the toes and egg-crate or Rooke
boots used to protect the heels.

b. Chronic critical limb ischemia is usually associ-
ated with arteriosclerotic occlusive disease of the aor-
toiliac region, femoropopliteal segment, or distal tibial
arteries.
(1) Foot protection from further injury is the first
order of care. The heel should be protected from pres-
sure sores by a soft gauze pad secured with a gauze
roll, not tape. The heels themselves should either be
elevated off of the bed surface or placed in egg crates
or commercially made vascular “boots” (e.g., Rooke
boot). Lambswool or gauze should be placed between
the toes to prevent “kissing” ulcers caused by toes
and toenails rubbing against one another. A lanolin-
based lotion should be applied daily to the foot to
keep the skin soft and prevent cracking, especially
over the heel. If pressure bothers the foot, bed sheets
may be draped over a footboard (Fig. 14.8). Elevating
the head of the bed 6 inches may relieve ischemic
pain by the effect of gravity on arterial perfusion.
We do not recommend so-called metal bed cradles or
tents, as a patient may inadvertently abrade the
lower leg or foot against the metal frame, causing
skin ulceration.
(2) Local infection should be controlled before
insertion of synthetic bypass grafts. Local debride-
ment and drainage of infected foot/toe tissue and par-
enteral antibiotics should precede graft procedures
by several days. Otherwise, graft infection may occur
in the groin, where lymphatics may be laden with
bacteria. Deep-space infection is a particular prob-
lem in the diabetic population. If sepsis is present,
guillotine amputation is indicated. If the patient is
not toxic, drainage/debridement may be attempted.
Large heel ulcers or significant areas of tissue loss
may ultimately lead to amputation.
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(3) Arteriography and other imaging were dis-

cussed earlier.

(4) The choice of operation or percutaneous

procedure depends on the location of the occlusive

disease and the condition of the patient.
i. Combined severe aortoiliac and femoropo-
pliteal occlusive disease should be treated by
inflow correction of the aortoiliac disease as
described above. For those with rest pain, aortoil-
iac inflow correction may be all that is needed.
Long-term limb salvage will be accomplished in
most patients with multilevel occlusive disease by
aortofemoral bypass or aortoiliac intervention
alone (i.e., treatment of inflow disease).

When significant femoropopliteal disease is
also present, determining which patients will
need simultaneous femoropopliteal revasculariza-
tion is not easy. Preoperative factors that suggest
a combined procedure is indicated are extensive
below-the-knee femoropopliteal-tibial occlusions
combined with tissue loss and an ankle pressure
below 30 mm Hg. Also, a poorly formed profunda
femoris artery and modest inflow disease suggest
that correction of inflow alone will not suffice for
tissue healing. Should a procedure with an open
groin be chosen, such as aortofemoral bypass,
combined inflow and outflow endovascular ther-
apy, or hybrid iliac stenting and surgical distal
revascularization, the profunda should be intra-
operatively interrogated to assure adequacy. If the
orifice accepts a 4 mm probe and a #3 Fogarty bal-
loon can be advanced at least 20 cm the profunda
is adequately developed. In high-risk patients,
endovascular therapies and extraanatomic axill-
ofemoral or femorofemoral bypass may be used to
bypass severe proximal occlusive disease.

ii. Occlusive disease of the common femoral
artery, profunda orifice, and superficial
femoral artery may be managed by endarterec-
tomy, profundaplasty, iliofemoral bypass bifurca-
tion reconstruction. Profundaplasty is most likely
to succeed when (a) aortoiliac inflow is normal, (b)
the distal profunda femoris artery is normal and
has developed collateral pathways to the popliteal
artery, and (c) the popliteal artery is patent with
at least two- or three-vessel runoff. The profunda-
popliteal collateral index and the low thigh to
ankle gradient pressure index have been
described to assist with this decision, however,
this anatomic situation is very rare, so we seldom
use profundaplasty as the sole operation for limb
salvage. Indeed, patients with this disease pat-
tern usually require a bypass to a distal target
potentially in conjunction with some type of com-
mon femoral or profuda femoris revasculariza-
tion. Currently, endovascular therapies in the
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common femoral and femoral bifurcation are not
as effective or durable as in other anatomic sites.
iii. Femoropopliteal artery occlusion can be
managed by bypass grafting, endarterectomy
(open or remote), or percutaneous treatments.
When performing femoropopliteal bypass for limb
salvage we prefer greater saphenous vein for con-
duit, which is superior to endarterectomy and
synthetic bypass. Greater saphenous vein above-
knee femoropopliteal bypasses have an 80% pri-
mary patency. Below the knee, this is roughly
70%. Should adequate greater saphenous vein be
unavailable, we use prosthetic conduit. Others
espouse arm vein and spliced vein segments as
femoropopliteal bypass constructs. Each of these
has benefits and disadvantages.

Current synthetic choices for femoropopliteal
bypass are Dacron, human umbilical vein (HUV),
and polytetrafluoroethylene (PTFE). In the above-
knee position ePTFE primary and secondary
patency is 55-65% and 60-70% at 5 years, respec-
tively. These grafts provide excellent long-term
patency when the distal anastomosis is above the
knee, but poorer patency is observed in below-the-
knee bypasses. In a prospective randomized com-
parison of autologous saphenous vein to expanded
PTFE grafts, primary patency of vein was clearly
superior to PTFE for infrapopliteal bypass (49%
versus 12% at 4 years). However, there was no sig-
nificant difference in limb salvage (vein versus
PTFE, 57% versus 61%). Although 2-year patency
was similar for both grafts to the popliteal artery
(64% to 70%), vein was superior at 5 years (vein,
68%; PTFE, 38%). HUV grafts have had a patency
similar to PTFE, but manifest aneurysmal degen-
eration in long-term follow-up. Another option is
cryopreserved allogenic vein graft, but results
using cryopreserved vein have been disappointing
and it is expensive. They are seldom used.

As described above, percutaneous SFA inter-
ventions such as transluminal angioplasty and
stenting are now performed routinely with rea-
sonable early and mid-term results. Small studies
describe equivalence with surgical bypass at 1 to
2 years in critical ischemia. These therapies may
be the procedure of choice in seriously ill patients
who need limb salvage.

iv. The most challenging group of patients who
require operation for limb salvage have severe
type V disease of the femoropopliteal and
tibial levels. Acceptable long-term patency (50%
to 60% at 5 years) and excellent limb salvage
rates (50% to 73% at 5 years) may be achieved by
femorotibial, femoroperoneal, and pedal bypass
grafts using greater saphenous vein (GSV). Multi-
segment femorodistal occlusive disease also has
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been successfully treated by sequential anasto-
moses of a vein graft to several patent segments.
Adequate GSV is generally believed to be at least
3.5 mm in diameter when distended and without
sclerotic segments or stenoses. Patency of
femoroinfrapopliteal vein bypasses is com-
parable for each tibial artery and is similar
in diabetics and nondiabetics. Whether in situ
or reversed saphenous vein grafting is superior
remains controversial.

Several factors have rejuvenated enthusiasm
for in situ saphenous vein bypass grafting
after its original description in 1962 (Fig. 14.9).
Proponents claim a higher use of smaller veins, a
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Figure 14.9. Technique of in situ saphenous femoropopliteal and
tibial bypass grafting. (A) Greater saphenous vein may be exposed
through one or two long incisions along the medial aspect of the
thigh and calf. (B) Saphenous vein is left in its natural bed. Its valves
are cut with special instruments “valvulotomes.” (C) Its branches are
tied to prevent arteriovenous fistulas. Proximal anastomosis is made
to the common femoral or superficial femoral artery, and distal anas-
tomosis is constructed to the distal popliteal artery or to the tibial or
peroneal branches. (D) Long bypasses to the level of the ankle are
possible by this technique. Incisions may also be limited to the groin
and the level of distal anastomosis with side branches and vein
defects identified with angioscopy, arteriography, duplex ultrasound
and continuous wave Doppler. Side branches may then be ligated
with small incisions or embolized via a distal side branch.
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lesser degree of endothelial damage, better size
match at the anastomoses, improved hemody-
namics, and superior early and late patency. How-
ever, similar early and late patency rates for in
situ versus reversed infrapopliteal bypasses
(1-year, 87% to 90%; 3-year, 82% to 85%; and
5-year, 77% to 85%) have been shown in several
studies. During in situ bypass, lysis of the valves
with a valvulotome is blind. Identification of
venous defects, as well as ligation of large side
branches to prevent problematic arteriovenous
fistulas is required. Several techniques to accom-
plish these are described.

Another good option for distal vein bypasses
with targets at or below the trifurcation is nonre-
versed, translocated GSV. After harvest, the vein
is distended and valvulotomes passed, similar to
the technique for in situ bypass. However, with a
nonreversed, translocated graft the vein is dis-
tended either by vein solution or after creation of
the proximal anastomosis, but before placing the
graft in the tunnel. We prefer the latter so as to
have objective proof of good pulsatile flow with the
graft completely exposed. Also, the pulsatile blood
flow assists in finding problem areas on the vein
that need either side branch ligation, repair, or
resection and splicing. Usually two passes of the
valvulotome are sufficient. The benefit of a nonre-
versed, translocated vein is for graft-artery size
match at both the proximal and distal anasto-
moses, when a subcutaneous graft is not desired,
or when anatomic or lateral subcutaneous tunnel-
ing are preferred. Regardless of the vein construct
used, careful preparation of the vein and the
meticulous technique of anastomosis are likely
more important than position of the vein graft.

Because a vein remains the best conduit for
early and late patency, extra effort to obtain a suit-
able vein seems justified. These options include
the contralateral leg vein, arm veins, lesser saphe-
nous veins, spliced vein-segment grafts, composite
synthetic and vein, and shorter bypasses using
less vein (e.g., SFA-tibial, popliteal-tibial, or tibi-
otibial bypasses).

Techniques of vein adjunct at the distal anasto-
mosis when using prosthetic below the knee
include Taylor patch, Linton patch, Miller
cuff, and St. Mary’s Boot (Fig. 14.10). These
emphasize a long arteriotomy and placement of a
cuff of vein using one of these techniques between
the prosthetic and the target arteriotomy. These
are known to greatly improve results of prosthetic-
distal bypass. Although all of these conduit alter-
natives are generally not viewed as the first option,
they represent reasonable choices when GSV is not
available. But remember, tibial level revasculariza-
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Figure 14.10. Types of vein adjuncts at the distal anastomosis of
infrageniculate prosthetic bypass grafts. (A) Linton Patch, (B) Miller
Cuff, (C) Taylor patch, (D) St. Mary’s boot. These adjuncts help to
alter sheer stresses at the distal anatomosis and improve patency.

tion using alternative autogenous reconstructions
provide better long-term results than those based
on prosthetic. Reports detail patencies of 50-60% at
4 years versus 30-40%, respectively.

Also, in our experience, vein grafts to isolated
popliteal segments have been an acceptable alter-
native to femorodistal bypass in certain patients.
These grafts have a 5-year patency similar to
femorotibial bypasses (65% versus 66%, respec-
tively). Provided that tissue necrosis is not exten-
sive, such grafts are adequate to relieve severe
ischemia, especially when a limited length of vein
is available and the tibial arteries appear mar-
ginal for anastomosis.

Conduit selection is seldom this concrete
though and the entire clinical picture, goal of
revascularization, and status of the patient must
be considered. Likewise, the proper selection of a
distal target to maximize the patency, limb sal-
vage and potential success of the bypass graft is
important and depends upon many factors. The
availability of conduit, outflow, degree of limb
threat (rest pain vs. ulceration vs. gangrene), as
well as collateralization, all play a role. In gen-
eral, for critical ischemia, with all other things
being equal, the best tibial (anterior or posterior)
is chosen as they are in direct continuity with the
foot’s arterial arches. The peroneal artery is
appropriate if (a) the tibial arteries are diffusely
diseased (b) rest pain or minimal tissue loss is
present (c¢) conduit will not allow a more distal
bypass, and (d) there are well-developed collater-
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als from the distal peroneal branches to the pedal/
plantar arteries and arches.

Endovascular therapies in the infrageniculate
popliteal and tibial level can be accomplished in
concert with or without percutaneous intervention
in the SFA. Similar to other lower extremity terri-
tories, a TASC classification has been developed to
classify lesion anatomy in the tibial region. Single
stenoses <1 c¢cm are TASC A. Multiple focal
lesions <1 ecm are TASC B. TASC C refers to
stenoses 1-4 cm in length or occlusions <2 cm
while TASC D are diffuse, lengthy stenoses over
4 cm or occlusions over 2 cm.

Treatment of critical limb ischemia with

endovascular methods in the popliteal-tibial
region remains a considerable challenge. Results
of angioplasty and stenting alone are mixed and
generally over half fail in one year. Other tech-
niques such as cutting balloon angioplasty, cry-
oplasty, and directional and laser atherectomy
are reported to have better results, with over
90% limb salvage and 60 % to 75% patency at 6
months to 1 year. Some have reported excellent
early results even with significant tissue loss
using these technologies, but, to date, this is not a
widespread experience. Currently, it is evident
that while improvements in this therapeutic
approach have occurred more study and refine-
ments in technology are needed.
v. Patients presenting with significant tissue
loss or gangrene of the foot deserve special
mention. Attempts to salvage such a limb may
require an extended hospitalization, significant
effort at wound and foot care, and considerable
expense. However, limb salvage is possible in 70%
at 1 year and 60% at 3 years, but generally only
about 30% at 5 years after surgery. Successful
revascularization results in lower costs than pri-
mary amputation.

In patients over 80 years of age, limb salvage
is comparable to younger groups, with a 3-year
survival of about 50% and a limb preservation rate
of 70%. Consequently, present data support an
attempt at arterial reconstruction in most elderly
patients with critical limb ischemia. Nonetheless,
the individual patient as a whole should be consid-
ered. Those with significant comorbidities, demen-
tia or neurologic degenerative disorders with
minimal or no ambulation may be considered for
primary amputation perhaps preceded by nonop-
erative management in those with dry gangrene.

Primary amputation is appropriate when gan-
grene extensively involves the forefoot and heel.
Whether a failed below-knee femoropopliteal
bypass changes the level of amputation depends
on numerous factors, but generally an unsuccess-
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ful reconstruction does not alter final amputation
level.
vi. Lumbar sympathectomy alone is not usu-
ally sufficient to salvage limbs that are at risk.
However, relief of rest pain has been achieved
when the preoperative ankle-brachial index is rel-
atively high (i.e., >0.35). Results are less favorable
when tissue necrosis is present. It is generally not
considered today as a treatment option except in
very rare cases.
vii. Creation of a distal arteriovenous fistula
as an adjunct to maintaining arterial and syn-
thetic bypass graft patency remains controversial.
The physiologic advantage of this technique is
questionable and we have not embraced it.
viii. Intraoperative angioscopy has been
evaluated as an adjunct to in situ vein grafting,
embolectomy, femoropopliteal bypass surgery, and
laser recanalization. Clinical trials by Miller and
colleagues at Harvard have supported its effec-
tiveness, but this institutionally demanding tech-
nology has had a limited impact so far in most
practices.
ix. Intraoperative duplex has also been advo-
cated and used as immediate evaluation of the
technical success of lower extremity revascular-
izations. It is easy to use in most vascular prac-
tices and may assist in the identification of
technical errors, residual graft defects and clamp
site injuries requiring attention.
6. Preoperative preparation. Lab tests for limb salvage
cases are the same as those outlined for claudication previ-
ously. Skin preparation should include the abdomen and
both legs, as an opposite leg vein is occasionally explored. A
prophylactic antibiotic with good gram-positive skin cover-
age be given prior to the incision. In those with tissue loss,
gangrene or diabetic foot infection, broad-spectrum antibi-
otics, such as vancomycin and an extended spectrum peni-
cillin derivative should be used.
7. Patient positioning. Most lower-extremity arterial
revascularizations are performed with the patient supine.
The heels must be protected from pressure sores by elevat-
ing the calves on soft towels or placing soft pads on the
heels. If PVR is being used for intraoperative monitoring of
lower-extremity perfusion, the PVR cuffs should be placed
at the ankles and baseline tracings should be recorded.
8. Surgical exposure. Certain features of surgical expo-
sure facilitate performing the bypass graft anastomoses
and prevent postoperative wound complications.
a. The incisions for exposure of the GSV must be made
directly over the vein. There is a tendency to bevel the
incision and bring it too far anterior to the course of the
vein which results in skin flap necrosis. Leaving skin
bridges along the saphenous vein harvest site may also
alleviate skin flap necrosis. Some advocate subcuta-
neous, endoscopic vein harvest.
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b. The above-knee popliteal artery can be exposed
through a medial distal thigh incision going over the
top edge of the sartorius muscle and beneath the adduc-
tor magnus tendon. Three noteworthy anatomic
features are present at the adductor magnus ten-
don: the superficial femoral artery becomes the
popliteal artery, the supreme (descending) genic-
ulate artery (an important collateral) originates
from the proximal popliteal artery, and the saphe-
nous nerve becomes superficial. Injury to the nerve
can result in bothersome chronic leg neuralgia.

c. The below-knee popliteal artery is exposed via
a medial proximal leg incision. The medial head of
the gastrocnemius muscle is retracted inferiorly. The
popliteal vein and tibial nerve are medial and posterior
to the artery. Extensive exposure of the popliteal artery
may require detachment of the semimembranosus and
semitendinosus muscle tendons. Insertions of the semi-
tendinosis, gracilis and sartorius muscles form the pes
anserinus (foot of a goose) on the medial surface of
the tibia.

d. Occasionally, the entire popliteal artery requires
exposure for repairs, such as for a popliteal aneurysm
(Fig. 14.11). This exposure also allows for ligation of
feeding collaterals into the aneurysm sac. Divided ten-
dons can be anatomically reattached at the conclusion of
the operation. Such an extensive exposure appears to
increase postoperative leg edema but does not result in
knee instability in most patients.

For focal mid-popliteal artery aneurysms or for
popliteal artery entrapment, a posterior approach from
a longitudinal knee incision provides excellent exposure
without cutting normal tendons.

e. The tibioperoneal trunk and proximal posterior
tibial artery can be exposed through the medial knee
approach by detaching the soleus muscle at its arch on
the posterior table of the tibia. Placing a right-angled
instrument through the foramen for initial dissection is
helpful. Exposure of the proximal anterior tibial
artery generally requires a separate anterior lateral leg
incision, which is made one finger-breadth lateral to the
anterior edge of the tibia and carried 8 to 10 cm distally.
The artery is located in the groove between the anterior
tibialis and extensor digitorum longus muscles and can
be approached the length of the leg in this groove. The
peroneal artery can be approached from medial
extending behind the tibia and over the posterior tibial
vessels or laterally with a fibular resection.

f. Bypasses can also be taken to the pedal arteries
(Fig. 14.12) in select patients. The most common pedal
artery for distal anastomosis is the dorsalis pedis fol-
lowed by the common and lateral plantar arteries.
Incisions are directly over the pedal artery and, upon
completion, the skin only is closed with interrupted
permanent fine filament sutures. This decreases local
tissue trauma in ischemic foot tissue.
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Figure 14.11. Medial approach to the popliteal artery. The saphe-
nous nerve should be gently retracted to minimize postoperative
saphenous neuralgia. Division of the medial knee tendons and
medial head of the gastrocnemius muscle provides clear popliteal
artery exposure with minimal morbidity. Most patients have a single
great saphenous vein, although an accessory saphenous vein may
be present as this illustration indicates. Tendons can be reapproxi-
mated with minimal morbidity and this exposure can be limited to
either the above-knee or below-knee aspects.

9. Preparation of the saphenous vein. Endothelial
damage during preparation of saphenous vein is an impor-
tant factor in graft failure. Optimum preparation includes
gentle dissection of the vein, careful ligation of side
branches away from the vein wall, minimal warm ischemic
time if the vein is removed from the leg, and limited dis-
tention. Gentle dilation of the vein can be achieved with
vein solution. Immersion of the vein in solution should not
occur until ready for bypass and may minimize endothelial
damage. We use 500 cc Ringer’s lactate with 10,000 U
heparin and 120 mg papaverine. If splicing of segments is
necessary after removing inadequate areas, the ends
should be beveled and fine suture (7-0) should be used cre-
ate a widely open anastomosis.

10. Distal arterial control can be accomplished with
minimal damage to the arteries by using a pneumatic
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Figure 14.12. Anatomy of the pedal arteries. (A) Dorsum of foot,
(B) Plantar surface of foot. (Adapted from Gloviczki P, Bower TC,
Toomey, et al. Microscope-aided pedal bypasses is an effective and
low-risk operation to salvage the ischemic foot. Am JJ Surg. 1994;
168:76-84.)
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thigh tourniquet after the proximal anastomosis is
performed. The tourniquet is inflated to 300 mm Hg after
the lower limb is wrapped tightly for exsanguination
with an elastic Esmarch bandage while the leg is elevated.
This is particularly useful when the arterial system is
highly calcified and infrageniculate control with clamps
unsavory.

11. Anastomotic technique should emphasize a long
gentle anastomotic angle to minimize turbulence. Distal
popliteal and tibial arterial anastomoses are constructed
more accurately under low-power magnification. If pros-
thetic bypass is performed to tibial vessels, the use of a
vein adjunct as mentioned previously may reduce intimal
hyperplasia at the distal anastomosis and improve patency.
Polypropylene permanent suture should be used. Size and
strength of the suture should be chosen as appropriate for
the size and amount of disease in the area. Generally,
running anastomoses are used. Sometimes, when the tar-
get vessel is small or in an enclosed area where vision is
difficult, we use several interrupted, horizontal mattress
sutures at the toe of the anastomosis; securing them after
placement and using a limb of the lateral-most suture to
run the remaining portion. This improves accuracy and
splays the distal hood of the graft and prevents a bunching
of the graft toe which may become a nidus for intimal
hyperplasia. Another helpful technique, particularly when
the target vessel is fragile, is to place both the heel and a
toe suture prior to beginning the anastomotic suture line.
This assures proper length and distributes tension along
the arteriotomy.

12. Wound closure is a critical component of lower
extremity revascularization. We prefer interrupted polygly-
colic-acid dissolving sutures in several layers. We have
found running sutures to cause bunching and inaccurate
closure. Virgin wounds are closed with a subcuticular clo-
sure and steri-strips. It is important to reapproximate the
skin edges and not pull so much on this stitch to bunch skin
with tension. This leads to skin edge ischemia and necrosis
with skin breakdown. This may be a pathway for infection,
or at least poor wound healing in these patients with poor
skin to begin with. Interrupted nylon stitches are used for
re-do skin closures, usually in a vertical mattress fashion
with eversion and approximation of the skin edges. It is
important to ligate lymphatic vessels to avoid a leak and
appropriate. hemostasis with electrocautery and suture lig-
ature to mitigate the potential for lymph leak, lymphocele
and hematoma. Loose dressings of gauze wraps should be
used and tape should be avoided.

13. Associated amputations. Some patients require an
amputation after lower-extremity arterial bypass or
endovascular revascularization to remove necrotic tissue
present before surgery. This is usually foot-based when
revascularization is attempted for limb salvage. Whether
amputations should be done simultaneously with arterial
reconstruction or staged afterward is debatable. Certainly,
infected lesions or abscesses need debridement and
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drainage prior to grafting. Superficial dry gangrene may
auto-amputate after foot circulation is improved. Thus, we
normally wait several days after arterial reconstruction to
perform necessary digital or foot amputations. This time
allows better demarcation of the proper amputation level
and perfusion to supply tissue with antibiotics and a gran-
ulation process to begin. Although this has been our gen-
eral approach, we do combine revascularization with toe or
forefoot amputations in select patients.
C. Postoperative care. Despite multiple medical problems
and sometimes extensive operations, most patients who
undergo aortic or lower-extremity based arterial reconstruc-
tion for occlusive disease can expect a reasonably uncompli-
cated recovery if certain principles of care are followed.
1. Initial stabilization after aortic reconstructions should
be done in an intensive care setting where vital signs, urine
output, ECG rhythm, and respiratory status can be moni-
tored continuously for 12 to 24 hours. On arrival to the
intensive care unit the patient’s blood pressure, heart rate
and rhythm should be checked and arterial blood gases
drawn for analysis. If the patient is intubated, ventilator
settings should be adjusted after review of the initial blood
gas. A plan for extubation should be established.

After these vital functions have been stabilized, addi-
tional baseline tests may be obtained, including a portable
chest x-ray to check endotracheal tube position and to
ensure adequate lung expansion. In addition, formal 12-
lead ECG should be compared with the preoperative
ECG for any evidence of myocardial ischemia rhythm
changes. Cardiac isoenzymes should be sent for study if
intraoperative myocardial ischemia or arrhythmia was
detected, however, in general, routine cardiac enzymes are
unnecessary. Blood also should be sent for measurement of
hematocrit, serum electrolytes, blood sugar, PT/PTT, and
platelet count.

After lower extremity revascularization, patients should
remain under intensive observation for at least 6 to 12
hours. Similar laboratory evaluations should be accom-
plished. It is during this immediate postoperative period
that most early graft occlusions occur. Hourly checks of
pedal pulses, PVRs, or Doppler signals and ankle pressures
should be made. To pharmacologically enhance early peri-
operative patency, one has several options. Antiplatelet
therapy alone in femoropopliteal grafts with good outflow
is appropriate. Another option is low molecular weight dex-
tran 40 infused for the initial 24 postoperative hours. Our
regimen has been 100 mL IV in the recovery room and 20
mL/h for one 500-mL bottle. Subsequently, patients receive
aspirin, 80 to 325 mg daily, and low-dose heparin, 5,000
units subcutaneously, until discharge. For tibial recon-
structions, or those requiring intraoperative revision, we
use low-dose intravenous heparin (300 to 500 units per
hour) in addition to aspirin. Long-term anticoagulation
with warfarin and children’s aspirin (80 mg) is often used
for below-knee synthetic grafts or marginal quality vein
grafts, revision grafts to the tibial arteries, or those with
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poor runoff (one or fewer vessels in continuity to the ankle).
The clinical superiority of anticoagulation or antiplatelet
therapy for graft maintenance postoperatively is debated
and inconclusive.
2. Fluid management must be meticulous, as many vas-
cular patients have significant heart disease and will not
tolerate fluid overload. A few guidelines for fluid adminis-
tration should make fluid management easy.
a. Patients leave the operating room after large
amounts of fluid have been given. Most of this fluid is
sequestered in interstitial spaces and will remain there
until it is slowly mobilized and excreted in 48 to 72
hours In addition, inappropriate secretion of antidi-
uretic hormone results in sodium and water retention.
Therefore, postoperative fluids should be limited to
about 80 mL/h (1 mL/kg body weight per hour) of 5%
dextrose in half normal saline with 20 to 30 mEq potas-
sium per liter. When needed, the rate of intravenous
fluid can be increased, or bolus fluid given.
b. Some patients are cold and vasoconstricted when
they arrive in the recovery area. As they rewarm and
vasodilate additional fluid may be necessary, indicated
by decreased urine output, low filling pressures, and
tachycardia. If the hemoglobin is less than 8 g/dL or
hematocrit less than 25%, packed red blood cells should
be transfused. Otherwise, volume replacement may be
made with a bolus (5 to 10 mI/kg of a balanced salt solu-
tion, e.g., Ringer’s lactated solution).
c. When patients begin to mobilize excess fluid on the
second or third postoperative day, maintenance
intravenous rates may need to be reduced or stopped. If
the patient is edematous and urine output has not
increased, a small dose (10 to 20 mg) of furosemide may
initiate a good diuresis.
3. Postoperative pulmonary care is critical after extu-
bation and is discussed in Chapter 9.
4. Pain management is a key component to early ambu-
lation, pulmonary care, and gastrointestinal function.
Epidural anesthesia with providing analgesia for 2-4 days
after operation is an excellent method. Standard narcotic-
based therapy is also used. See Chapter 9.
5. Antibiotics should be continued for 24 hours postoper-
atively unless otherwise indicated.
6. Gastrointestinal decompression with a nasogastric
tube is often necessary for 24 to 72 hours after aortic-based
revascularizations.
a. Gastrointestinal ileus may be prolonged after aortic
reconstruction, especially if extensive lysis of adhesions
or dissection of the duodenum is necessary. In our expe-
rience, most patients have sluggish intestinal peristal-
sis for 2 to 3 days after operation. Although nasogastric
decompression was once used routinely for this entire
period, the vast majority (90%) of patients can tolerate
the removal of the nasogastric tube on the first postop-
erative morning. After removing the tube, we generally
wait 24 to 48 hours to be certain that peristalsis is ade-
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quate before beginning a liquid diet, which is advanced
to solids in the following 24 to 48 hours.
b. Appetite after aortic reconstruction usually is poor,
and patients generally do not resume normal caloric
intake for several weeks. A weight loss of 5 to 10 pounds
is not uncommon in the first month following surgery.
Patients who have marginal nutritional status prior to
operation or a complicated postoperative course may not
tolerate further weight loss, and their caloric intake may
require enteral or parenteral supplementation.
7. Wound care requires special attention, since local
infection may rapidly extend to a prosthetic graft or cause
a bacteremia that could seed the graft surface. Initial dress-
ings should be removed on the first postoperative day. If the
wound is sealed, no further dressing is needed, but a simple
gauze covering may be helpful to protect groin wounds and
absorb sweat. If serosanguineous fluid is leaking from the
wound, a sterile gauze dressing should be applied until the
drainage stops. Lymph leaks from groin incisions may be
treacherous, since infection of the deeper inguinal lymphat-
ics may also infect an adjacent graft. Prolonged lymph leak-
age increases the risk of bacterial invasion of the perigraft
lymphatics and may result in an early prosthetic graft
infection. Most minor lymph leaks will resolve in 3 to 5
days. If a groin lymph leak is copious and not decreased or
closed in 3 to 5 days, wound exploration, ligation of culprit
nodes or lymph vessels, and reclosure done.
8. The proper time to ambulate a patient after aortic
or other peripheral arterial reconstruction is another
controversial area. Proper timing is individualized with
consideration of the following.
a. Many patients after aortic reconstruction are not
hemodynamically stable for 24 to 48 hours, and tachy-
cardia with swings in blood pressure is not well toler-
ated. Incisional pain may also contribute to tachycardia
and hypertension. Furthermore, within 48 to 72 hours,
mobilization of fluid expands intravascular volume,
placing additional stress on the heart. If hemodynami-
cally labile patients attempt to ambulate before tachy-
cardia is controlled and fluids are mobilized, they may
experience myocardial ischemia. Myocardial infarction
occurs most commonly on the third postoperative day.
Patients with groin incisions are kept supine for at least
24 hours.
b. If the patient has an inguinal lymph leak, it is most
likely to stop if lower-extremity activity is curtailed by
bed rest. Since ambulation may be delayed for 24 to 72
hours, we insist that patients perform leg exercises (flex-
ion and extension of calf and thigh muscles) for at least
5 minutes every hour. These exercises improve venous
emptying from calf muscles and are prophylaxis for deep
venous thrombosis. The leg exercise also increases blood
flow to the legs and consequently through any graft.
Finally, these exercises help maintain leg muscle tone
prior to ambulation. In our experience, delayed ambula-
tion in some patients has not increased either pul-
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monary complications or venous thromboembolism,
provided coughing, deep breathing, appropriate mechan-
ical and pharmacologic DVT prophylaxis and footboard
exercises are performed routinely. No pneumatic com-
pression devices should be placed on legs after an infra-
geniculate bypass, or endovascular procedure.
c. Edema can be a problem after revascularization and
is multifactorial owing to lymphatic trauma, reperfusion,
and dysfunctional vasoregulation. However, usually,
after 2-4 days it is manageable. When not ambulatory,
the patient should be supine with the leg elevated. If
reconstruction is above the knee, compression hose may
be helpful. Infrageniculate and pedal bypass may
require longer periods of bed rest as tissue loss and inci-
sions may be compromised by significant edema. Aggres-
sive management is warranted in these individuals.
Prolonged sitting is to be avoided. Not uncommonly,
edema after lower extremity revascularization may last
for several weeks to months, and fitted graded compres-
sion hose and elevation are useful.
9. After endovascular procedures involving an inter-
vention for lower-extremity occlusive disease, standard
care usually involves maximal antiplatelet therapy includ-
ing aspirin and clopidogrel. Similar to open reconstruction,
certain infrageniculate interventions may warrant antico-
agulation but this is not well defined. Patients with man-
ual pressure used for hemostasis after sheath removal,
should remain supine for 6 hours. If a closure device is
used, we have them remain supine for 4 hours barring
problems. Monitoring of the revascularization is similar to
those mentioned above for open operation. We obtain
Duplex ultrasound and pressure studies on lower extrem-
ity endovascular interventions prior to discharge in order
to assess immediate patency and physiologic improvement.
Patients are usually able to be discharged in 12 to 24 hours.
IV. Postoperative complications. Early graft-related compli-
cations following operations for lower-extremity occlusive dis-
ease affect about 3-5% of patients. Late complications such as
anastomotic aneurysm, graft thrombosis, or graft infection are
more common, involving approximately 10% of patients. We
focus here on the recognition of such complications and the prin-
ciples of management.
A. Early graft-related complications.
1. Hemorrhage from an arterial graft anastomosis is
manifested by a groin or leg hematoma in femoral or
popliteal anastomoses and shock in aortic or iliac anasto-
moses. Treatment is early reoperation, evacuation of the
hematoma, and suture control of the bleeding site. Failure
to follow this approach may result in infection of the
hematoma, pseudoaneurysm formation, or death.
Postoperative hemorrhage usually occurs in two pat-
terns. In the first and most common form, bleeding fre-
quently occurs within 24 hours from the vein graft or an
anastomosis. Early repair and hematoma evacuation usu-
ally do not lead to graft failure or infection. The second pat-
tern of postoperative hemorrhage is rare and occurs from 3
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to 28 days after operation and in most cases is caused by
early and aggressive graft infection. Hemorrhage usually
occurs at the proximal or distal anastomosis in conjunction
with signs of local infection and possibly systemic sepsis.
These patients are at greater risk of eventual limb loss.

2. Early thrombosis may be the result of a technical
error at the anastomosis, an embolus, or inadequate runoff
to maintain graft flow. Also, inadequate inflow may be the
result of clamp injury or unrecognized disease on preoper-
ative imaging. Other causes of early thrombosis may
include graft kinking, extrinsic muscle or tendon compres-
sion, or an intimal flap. Occasionally, early graft thrombo-
sis is due to a previously undiagnosed hypercoagulable
condition. Routine perioperative vascular monitoring of the
reconstruction (see Chapter 9) should recognize thrombosis
or compromised inflow or outflow before severe ischemia
occurs. Proper management includes anticoagulation, oper-
ative reexploration, thromboembolectomy, or graft revision.
It often also includes operative arteriography. In our expe-
rience, the long-term prognosis of early graft failure has
been poor, even if the graft is successfully reopened.

3. Infections of bypass grafts were classified by D. Emer-
ick Szilagyi who described three grades of infection:
grade I, superficial involving the skin and dermis,
grade II, involving the subcutaneous and fatty tissue
but not the graft, and grade III, involving the graft
(Table 14.5). This grading system has important implica-
tions for the management of early infections involving arte-
rial reconstructions. Early infections are usually due to
virulent organisms and are very morbid complications.
Grade I infections can be managed with close observation,
local wound care, and antibiotics, while grade II infections
require opening and irrigation in the operating room.
Grade III infections may lead to anastomotic hemorrhage
or graft erosion and therefore graft removal with extra-
anatomic bypass is the preferred method of management.

Table 14.5. Clinical classification of infection associated

with arterial reconstruction

Grade Clinical description of infection Management

I

II

II1

Involving only the skin and Local wound care and
dermis antibiotics

Extending into subcutaneous Exploration and washout
and fatty tissue but not of the wound in the
the graft operating room

Graft involved in the infection = Exploration and washout
of the wound with
graft removal and
establishment of alter-
native route perfusion

(From Szilagyi DE, Smith RF, Elliott JP, Vrandecic MP. Infection in arterial
reconstruction with synthetic grafts. Ann Surg. 1972;176:321-333, with
permission.)
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4. Colon ischemia may affect 1% to 5% of patients who
undergo aortic reconstruction for occlusive disease and is
more common than that associated with aneurysm repair.
It usually affects the left or sigmoid colon. Ischemia may
result from inferior mesenteric artery ligation, low cardiac
output states and/or inadequate collateral blood flow from
the superior mesenteric or internal iliac arteries. Very
rarely it has been reported after lower extremity bypass
due to ligation of common femoral artery branches which
can supply the pelvis in patients with diffuse occlusions of
their mesenteric and internal iliac arteries. Superficial
mucosal or muscularis ischemia usually causes transient
diarrhea and resolves spontaneously without mortality.
Late colon stricture may occur. Transmural colon ischemia
will progress to bowel perforation, sepsis, and death in at
least 70% of cases.

Clinical manifestations vary with the severity of
ischemia. Bloody diarrhea, lower abdominal pain, and unex-
plained fluid requirements or sepsis suggest colon ischemia.
Flexible lower endoscopy may reveal changes of patchy
hemorrhage, edema, congestion, or pallor. More severe signs
include ulceration and mucosal sloughing. Mild cases need
bowel rest, antibiotics, and hydration until the diarrhea
resolves. Any clinical decline, presentation with fluid
requirements and sepsis, or if symptoms and signs persist,
resection of necrotic colon with formation of a colostomy is
necessary. Any bowel movement within 48 hours of aortic
reconstruction should prompt flexible sigmoidoscopy. Rou-
tine use of IMA reimplantation during aortic reconstruction
is debated. The potential mitigating effect of IMA revascu-
larization on the incidence of colon ischemia is not clear.
Many individuals with aortoiliac occlusive disease have an
occluded IMA negating need for reconstruction. If the IMA
is patent then the factors mentioned previously, such as an
enlarged IMA or associated internal iliac and SMA disease,
should be scrutinized and reimplantation considered.

5. Compartment syndrome is caused by prolonged
ischemia (>6 hours) before revascularization. After
restoration of perfusion, edema forms within the calf mus-
cles. Since these muscles are enveloped in fixed fascial com-
partments, swelling leads to increased pressure within the
compartments leading to myonecrosis and permanent
nerve damage. The anterior compartment is most suscepti-
ble to this ischemic syndrome. The earliest clinical signs
are leg pain with sensory deficits on the dorsum of the foot
and weakness of toe dorsiflexion. Treatment is fasciotomy.
Prophylactic fasciotomy should be considered for all cases
of acute arterial ischemia in which revascularization is
delayed beyond 4 to 6 hours.

6. Femoral nerve injury may occur after groin opera-
tions, especially in repeat procedures or extensive dissec-
tions of the profunda femoris artery. The injury may not be
apparent until the patient tries to ambulate and discovers
that they cannot extend at the knee because of quadriceps
weakness. Treatment requires a flexible knee brace. Many
femoral nerve apraxias will resolve in 3 to 6 months. Sen-
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sory deficits such as numbness and paresthesias are much
more common than motor ones and may be related to
inflammation, edema and hematoma surrounding the cuta-
neous femoral nerve branches.
7. Early complications after endovascular recon-
struction involve access site problems, early thrombosis,
and rarely perforation. Acute pseudoaneurysm, local groin
hematoma, retroperitoneal bleeding, acute site thrombosis
with limb ischemia or thromboembolism, arteriovenous fis-
tula and closure device infection are all described access site
complications. In general, the more complicated the proce-
dure and the more anticoagulation required the higher the
incidence of these site problems. Access technique is crucial
and when performed poorly may lead to dissection, intimal
flaps and lacerations. Overall they occur in 1-10%. Acute
failure at the endovascular intervention site may occur due
to arterial dissection, incomplete therapy with residual
stenosis, treatment of more complex (higher TASC) lesions
such as occlusions and longer length stenoses, as well as
smaller inflow and outflow vessels. Oversizing or undersiz-
ing of stents and angioplasty balloons is a technical consid-
eration contributing to these etiologies.
B. Late graft-related complications are not uncommon
and occur in about 20% of patients who undergo aortic recon-
structive procedures for occlusive disease, and roughly 30% of
those with reconstructions below the inguinal ligament.
1. Gastrointestinal hemorrhage, especially hemateme-
sis, in a patient who has received a prosthetic aortic graft
must raise the suspicion of an aortoenteric fistula.
Although the initial hemorrhage (“herald bleed”) may stop
and not recur for days, untreated aortoenteric fistulas
eventually lead to hemorrhage and death. Therefore, such
patients should be resuscitated and undergo emergency
endoscopy and CT scan. Aortography in cases of aortoen-
teric fistula is often normal, but is not the most helpful
diagnostic test. If the source of hemorrhage is located in the
stomach or duodenal bulb, appropriate therapy is insti-
tuted. However, if no gastric or duodenal lesions are evi-
dent and major bleeding with hemodynamic compromise
continues, the patient should undergo emergency abdomi-
nal exploration for diagnosis and repair of a suspected aor-
toduodenal fistula. If this is not found, continued operative
investigation for sources of small bowel bleeding is under-
taken. Classically, repair of aortoenteric fistulas requires
closure of the intestine and removal of the adjacent graft
with extraanatomic bypass. However, if graft-enteric ero-
sion is not associated with local abscess and gross infection,
in situ graft replacement, bowel repair, and omental cover-
age of the new graft will succeed in 85% of patients.

If gastrointestinal hemorrhage is minor, and the patient
stabilizes a more elective evaluation may be accomplished.
An indium white blood cell scan and CT scan are sensitive
tests for localization of an abnormality at the fistula site.
CT scan will usually show adherence of adjacent bowel
to the graft with no intervening fat plane. Although arteri-
ography seldom shows the fistula, the arteriogram may
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demonstrate a local pseudoaneurysm and provides useful
anatomic information for the reconstruction. It also may
delineate other causes of hemorrhage, such as angiodys-
plasias of the intestine.

2. Chronic aortic or lower-limb graft infection may
present as an aortoenteric fistula, femoral pseudoa-
neurysm, groin abscess, frank sepsis, or a chronically
draining sinus tract (Table 14.5). Most infections of aortic
prostheses originate in the groin and are commonly caused
by Staphylococcus. Although infection may originate at one
anastomosis, it rarely remains localized, and spreads along
the perigraft plane to eventually involve the entire graft.
CT scan or high-resolution ultrasound may show poor
incorporation of the graft or perigraft fluid collections.

Sometimes the diagnosis of infection is difficult. Infec-
tions may be indolent, with no visible fluid collections, neg-
ative blood cultures, no fever, and no leukocytosis. An
arteriogram should be done to define the involved anatomy
and an indium white blood cell scan may demonstrate the
infected site. Although removal of a focally infected segment
of graft may succeed in eliminating infection, resolution of
many graft infections will require extraction of the entire
prosthesis and an extraanatomic bypass. Putting off or lim-
iting operations often allows a local infection to spread, and
eventually life-threatening graft hemorrhage or sepsis may
occur. Graft preservation may be considered if (a) the infec-
tion does not involve a body cavity (b) the graft is patent (c)
the anastomoses are not involved by gross infection and (d)
the patient is not physiologically septic. These situations
still typically require operative washout(s), muscle flap cov-
erage, and often use of a negative pressure wound therapy
device such as the VAC® (KCI, San Antonio, TX).

Patients with infected abdominal aortic grafts have dis-
couraging 30-day and 1-year survival rates of 70% to 80%
and 40% to 50%, respectively. Staged revascularization (i.e.,
axillofemoral bypass) followed by infected graft removal in
24 to 48 hours is the classically described treatment of aor-
tic graft infection. The term sequential treatment is used
when extra-anatomic revascularization precedes graft
removal and aortic stump oversewing at the same sitting.
Mortality is lower when a new remote revascularization
precedes removal of an infected abdominal aortic graft or
treatment of an aortoenteric erosion or fistula. These ap-
proaches substantially reduce major amputation from 40%
when graft removal precedes revascularization to 5% to
10% when the extraanatomic bypass is done first. When
extraanatomic revascularization precedes removal of an
infected graft, subsequent infection of the new bypass has
been rare.

In recent years, in situ reconstruction of the aorta
with superficial femoral vein grafts (neo-aorto-iliac sys-
tems), rifampin soaked or silver impregnated prosthetic
grafts, or allogenic aortic homografts have added another
therapeutic option. In general, in situ reconstruction is
appropriate for more indolent infections where the patient
is stable. More aggressive infections with virulent organ-
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isms and sepsis require extra-anatomic reconstruction and
graft removal.

3. Graft thrombosis that occurs within a few weeks to
months of operation often is the result of a technical prob-
lem in graft placement or anastomosis. Graft stenosis or
occlusion after this time, but before 2 years is generally due
to myointimal hyperplasia. After 18 to 24 months, graft
failure is caused by atherosclerotic progression.

Failed aortofemoral grafts are usually due to loss of out-
flow and limb thrombosis. Treatment usually involves limb
thromboembolectomy or thrombolysis with some sort of
outflow procedure. Reoperations to maintain patency of
failing or thrombosed aortofemoral grafts succeed in nearly
80% of patients and result in long-term limb preservation
in 60% to 70%. Operative mortality for revision of femoral
anastomotic problems is 1% to 2%.

Special discussion about lower extremity graft failure is
warranted. Increasing evidence documents that alterations
in the vein graft itself may also lead to graft thrombosis.
Mills and colleagues have emphasized that 10% to 15% of
reversed saphenous vein grafts develop significant inflow,
intrinsic graft or outflow stenosis at a mean follow-up of 2
years. The peak incidence of early hemodynamic graft fail-
ure occurs within 12 months of graft implantation. Intrin-
sic graft stenoses cause the majority of failures (60%).
These lesions are usually focal intimal hyperplasia distrib-
uted equally at the proximal and distal anastomoses. The
remaining causes are inflow failure (13%), outflow failure
(9%), muscle entrapment (4%), and hypercoagulable condi-
tions (4%).

If these vein graft alterations are detected before graft
thrombosis occurs, successful repair and long-term patency
can be accomplished. Results are much poorer after throm-
bosis occurs. Late cumulative vein graft patency is 75%
to 80% for revised grafts, and 5% to 15% for throm-
bosed grafts at 5 years. Thus, current emphasis is on
detecting failing grafts before they occlude. Periodic
reevaluation (every 3 to 6 months for 2 years; then annually
if normal) should focus on any recurrent symptoms, such as
return or progression of claudication, and objective signs of
a failing graft. These signs include reduced segmental pres-
sures and a 0.15 fall in the ankle-brachial pressure index.
Important duplex ultrasound criteria predicting graft fail-
ure are now defined, and duplex should also be accom-
plished at these times (Chapter 6). Specifics include an
increased peak systolic velocity across a stenotic area (two
to three times the normal graft velocity), plus a decrease in
peak systolic flow velocity to less than 45 cm/s in the graft
beyond the area of stenosis. Collectively, these duplex find-
ings and clinical warning signs may be an indication for
arteriography to define correctable lesions before graft
thrombosis occurs (Table 14.6).

Today, when lesions intrinsic to vein grafts are found on
surveillance, treatment may include balloon angioplasty or
open revision. While improved outcomes with surveillance of
prosthetic grafts are not as conclusive, many still proceed
with a surveillance program. One reason for this is that
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Table 14.6 Graft surveillance criteria

High-velocity Low-velocity
Category criteria criteria AABI
I. Highest PSV >300cm/sor and PSV <45 or >0.15
risk Vr >3.5 or EDV cm/s
>100 cm/s
II. High PSV >300 cm/s or and PSV >45 and <0.15
risk Vr >3.5 cm/s
III. Inter- 300 cm/s >PSV and PSV >45 and <0.15
mediate >200 cm/s or Vr cm/s
risk >2.0
IV. Low PSV <200 cm/s or and PSV >45 and <0.15
risk Vr <2.0 cm/s

Duplex surveillance criteria for vein bypass grafts of the lower extremities.
Category I should be admitted and heparinized for immediate revision.
Category II should have elective arteriography=*revision. Category III
should have intensified surveillance (every 3 mo.) and Category IV is con-
sidered appropriate for continued standard surveillance.

PSV; Peak systolic velocity; EDV, end diastolic velocity; cm/s, centimeters per
second; Vr, velocity ratio= PSV in stenosis/ PSV of normal proximal area.

when prosthetic grafts occlude they are associated with loss
of outflow, whereas with vein grafts this is less frequent.
Thus, if a culprit lesion is noted, treatment can be important.
When infrainguinal bypasses fail, reoperative surgery
can achieve limb salvage in about 50% of patients. Once a
vein graft is occluded for several weeks a new bypass graft
is inserted as compared to thrombectomy and patch angio-
plasty of the original graft. Some patients may benefit from
endovascular therapy. As mentioned previously, directed
thrombolytic therapy of graft thrombosis can be helpful in
certain acute circumstances. There is suggestion that
thrombolytic therapy can improve limb outcomes and limit
the magnitude of surgical revision if graft thrombosis is less
than 14 days old. This comes at an apparent increased risk
of stroke, embolism and bleeding. Once graft occlusion is
over 14 days old, repeat surgical bypass appears superior.
4. Anastomotic pseudoaneurysm occurs most fre-
quently at the common femoral artery. The causative fac-
tors are complex and include atherosclerotic deterioration
of the artery and anastomotic disruption due to inadequate
suturing, infection, graft dilation, and suture deterioration.
Clinically, asymptomatic anastomotic aneurysms of less
than 2.5 cm may be safely followed by observation. How-
ever, large false aneurysms or symptomatic aneurysms
should be electively repaired before they are complicated
by thrombosis, distal emboli, or rupture. Most late groin
pseudoaneurysms are degenerative in nature. However, an
infection must be clearly ruled out. One must be prepared
to treat a graft infection when taking on reoperation for
pseudoaneurysm.
5. Sexual dysfunction in men following aortoiliac opera-
tions may be manifested by impaired or absent penile erec-
tion and retrograde ejaculation after otherwise normal
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coitus. This may occur in up to some 25% of men. Previously
normal sexual function may be altered by the interruption
of preaortic sympathetic fibers, the parasympathetic pelvic
splanchnic nerves, or the internal iliac artery flow. It is obvi-
ous that the surgeon must know whether any sexual dys-
function existed before surgery. If impotence is a significant
problem to the patient postoperatively, he may be referred
to an urologist for evaluation and treatment.

6. Spinal cord ischemia following operations on the
abdominal aorta is rare, occurring in less than 0.5%. It is
considered unpredictable. However, a recent review empha-
sized that the problem appears to occur in patients in
whom internal iliac artery perfusion was impaired, when
atheromatous embolism is evident, and when early postop-
erative hypotension or low cardiac output may further com-
promise marginal spinal cord perfusion.

7. Late complications of endovascular reconstruc-
tions of the lower extremities center around interven-
tion site restenosis, thrombosis and failure, as well as
progressive stenosis of the access site. The main drawback
to iliac stenting is restenosis. There is some evidence that
the main limitation of SFA intervention is restenosis
allowing later percutaneous reintervention without nega-
tive consequences on the distal outflow and loss of surgical
options. Some refuting data exists, however, and there is no
clinical equipoise to date. Tibial intervention is hindered by
restenosis and thrombosis. Some now advocate endovascu-
lar intervention of the extremity using embolic protection
devices to decrease atheroembolic risk.

Surveillance has now also become part of the post-proce-
dure protocol for lower-extremity endovascular interven-
tions. As mentioned earlier, study of SFA angioplasty and
stenting and iliac interventions has suggested assisted pri-
mary patency for these procedures is significantly enhanced
with repeat intervention. This makes the argument to sur-
veille compelling. While criteria indicating significant
restenosis are less well understood compared to vein grafts,
these are active areas of study and more will be known soon.
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cHAPTER 15

Aneurysms and
Aortic Dissection

Management of arterial aneurysms and aortic dissection requires
an understanding of natural history, diagnosis, and treatment
options. In recent years, these options have changed dramatically
with the development of endovascular techniques. Despite
these changes, the best results continue to follow care-
fully planned elective treatment before complications of
rupture, thrombosis, or embolism occur. The contrast in
mortality between elective (2-5%) and ruptured abdominal aor-
tic aneurysm (AAA) repair (50-70%) remains one of the most
striking examples of the importance of early recognition and
proper treatment of these diseases.

Aortic dissections are a commonly encountered degen-
erative disease of the aorta, which are distinctly different
from aortic aneurysms. This chapter focuses on the natural
history, diagnosis, and management of aneurysms and aortic dis-
sections. The hemodynamics of aneurysms are discussed in
Chapter 1. Chapter 4 outlines the initial physical evaluation,
and Chapter 6 outlines several useful diagnostic tests that may
be used to diagnose and follow these conditions.

ABDOMINAL AORTIC ANEURYSM

I. Epidemiology. During the past 30 to 40 years, the incidence
of AAAs has increased significantly. This is attributed to
increased detection with the use of ultrasound and computed
tomography (CT) and an aging population. The rising incidence
has been tenfold for small AAAs (<5 ¢m), while the incidence for
larger aneurysms has increased by a factor of 2. Small aneurysms
account for 50% of all recognized AAAs, an important considera-
tion given that much of the uncertainty surrounding appropriate
management concerns aneurysms <5.5 cm.

II. Natural history and the evolution of evidence-based
approach. Aortic aneurysms are a disease of the elderly diag-
nosed in the sixth and seventh decades of life. As many as 20% of
patients with an AAA have a family history of aortic aneurysm.
The expansion rate of AAAs is 2 to 3 mm per year and increases
as the aneurysm enlarges. Twenty percent of aneurysms expand
at a rate of more than 4 mm per year, while 80% grow at a slower
pace. Importantly, active cigarette smoking has been
shown to be associated with an increased expansion rate
and has been identified as an independent risk factor for
aneurysm rupture.

The natural history of AAA is expansion and rupture, an out-
come that is related directly to aneurysm diameter. Less com-
monly, enlarging aneurysms may erode into the vena cava
resulting in an aortocaval fistula, or into the intestine pre-
senting as gastrointestinal bleeding (i.e., aortoenteric fistula).
These concepts are controversial, not because of the risk associ-
ated with open surgery, but because experts have debated the

248
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size at which repair should occur. Initially, aneurysms <6 cm
were considered appropriate for elective repair. Autopsy studies
in the 1970s and 1980s suggested that even small aneurysms (4
to 5 cm) could rupture, which resulted in a more aggressive
approach to repair. Population-based studies in the 1990s
showed that rupture risk did not increase until aneurysm
diameter reached 5 cm (Figs. 15.1 and 15.2). Rupture risk for
small (<5 cm) AAAs was shown to be approximately 1% per year,
5% to 10% per year for medium-sized (5 to 7 cm) AAAs, and at
least 10% to 25% per year for large (7 cm) AAAs. The more
recent U.K. Small Aneurysm and Aneurysm Detection and
Management (ADAM) trials were prospective randomized
studies looking for survival benefit in early open repair of
aneurysms between 4 and 5.4 cm. Findings from these trials con-
firmed the population-based studies of the 1990s, while showing
no benefit to early open repair of aneurysms between 4 and 5.4
cm. Several caveats from these studies are worth noting. First,
safe observation of aneurysms between 4 and 5.4 cm includes
ultrasound every 3 to 6 months, which many feel is unrealistic
for some patients. Second, in both studies two-thirds of patients
in the “observation” group crossed over to eventual open repair
once their aneurysms reached 5.5 cm during the study period.
Finally, in this era of endovascular aneurysm repair
(EVAR) it is important to remember that both the U.K.
Small Aneurysm and the ADAM trial compared observa-
tion to early open aneurysm repair and not to EVAR.
What makes this relevant is that the mortality associated with
open repair in these two trials was 5.8% and 2.7% respectively,
which is higher than recently reported for EVAR.
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Figure 15.1. Cumulative incidence of rupture of abdominal aortic
aneurysms according to the diameter of the aneurysm at the initial
ultrasound examination. (From Nevitt MP, Ballard DJ, Hallett JW, Jr.
Prognosis of abdominal aortic aneurysms: a population-based study.
NEJM. 1989;321:1009-1014, with permission.)
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Figure 15.2. Rupture risk of abdominal aortic aneurysm (AAA) per
year for size diameter. (From Reed WW, Hallett JW Jr, Damiano MA,
et al. Learning from the last ultrasound: a population-based study
of patients with abdominal aortic aneurysm. Arch Int Med. 1997;157:
2064-2068, with permission.)

In 1997 the U.S. FDA approved the first device for EVAR.
More than a decade later, the expanded use of this proce-
dure seems to have had a positive impact on the mortality
associated with AAA repair. Information from the Medicare
database recently revealed that in the first 3 years of this decade
the number of AAA repairs in the United States had not changed
(approximately 60,000 per year). However the percentage of
AAAs treated with EVAR did increase and, with an operative
mortality of less than 2%, this less invasive approach appears to
have reduced the overall mortality associated with AAA repair;
something that had not been possible in this country for decades.
How this shift in the treatment of AAAs impacts recommenda-
tions for repair in relation to AAA size remains to be seen and is
the topic of significant clinical and epidemiologic research.

From these decades of clinical study, one can be assured that
nearly all AAAs that rupture have enlarged to over 5 c¢cm in
diameter. Unfortunately, the prevalence of rupture remains
unchanged, and even today 70% of patients with ruptured AAA
are unaware of the diagnosis until the day of rupture. This sta-
tistic has been used as an important rallying cry for those advo-
cating for the wider use of ultrasound screening to detect AAAs
in targeted populations.

II1. Indications for operation.

A. A practical approach using aneurysm diameter. Cur-
rently in our practice, patients with asymptomatic AAAs <5 cm
are followed with ultrasound. For these patients, CT scans are
typically not obtained and aneurysm repair not recommended
unless part of a clinical trial or if the most recent measurement
confirms rapid expansion (i.e., more than 6 mm in 6 months or
more than 1 cm in one year). Aneurysms <5 cm may occasion-
ally be repaired as part of treatment for symptomatic aortoil-
iac occlusive disease with open (e.g., aortobifemoral bypass) or
endovascular techniques.
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Good-risk patients with aneurysms between 5 and 5.4 ¢cm
receive a contrast-enhanced aortic CT to define the size,
shape, and extent of the aneurysm. Such patients are provided
a summation of our clinical understanding of aneurysm obser-
vation versus repair, open and EVAR. Patients are made
aware that although it is safe to observe aneurysms <5.5 cm,
close surveillance will be required and it is likely that within
1-3 years the aneurysm will expand and repair will be
required. Repair of asymptomatic aneurysms between 5 and
5.4 cm is not rushed and is strongly influenced by individual
patient factors, such as medical comorbidity (e.g., risk of anes-
thesia), ability to commit to close surveillance, candidacy for
EVAR, and level of patient anxiety regarding the aneurysm. If
these individual factors weigh in favor of repair, good-
risk patients with AAAs between 5 and 5.4 cm are
offered an operation either open or EVAR. Finally all
good risk patients who present with an aneurysm of 5.5 cm or
larger receive a contrast-enhanced aortic CT and are offered
repair, open or EVAR, in an expeditious manner.

For high-risk patients or those with more limited life
expectancy and aneurysms greater than 5 cm we defer
to less invasive EVAR if aneurysm morphology permits.
If such high-risk patients are not endovascular candidates, we
most often delay any open operation until the aneurysm
expands to 6 cm or becomes symptomatic.

B. A less common but more urgent indication for AAA repair
is evidence of peripheral emboli in the lower extremities of
patients with aneurysms.
C. Urgent aneurysm repair is also indicated for
patients with a known aneurysm that has become ten-
der or is associated with abdominal or back pain. These
patients should be hospitalized and considered to have a
symptomatic aneurysm, even though their vital signs may be
normal and their abdominal symptoms nonspecific.
D. Patients with ruptured aneurysms and shock should
be taken directly to the operating room for resuscita-
tion and operation. An increasing number of series now
report the treatment of ruptured AAAs by endovascular means
(i.e., EVAR), an option that has become more viable with
increased experience, improved devices, and more complete
“on-the-shelf” endovascular inventories.
IV. Preoperative evaluation. The preoperative evaluation
for an elective AAA should define the size and extent of the
aneurysm, associated medical risks, and associated vascular
disease.
A. Size and extent of AAA. The reliability of the abdominal
exam to detect and measure an AAA is poor. Information from
the ADAM trial showed that the accuracy of the physical exam
to detect an aneurysm in an individual with an abdominal
girth of 38 inches or more was around 50%. The simplest and
least expensive test to diagnose and measure an AAA is ultra-
sound. Measurement of the anterior—posterior diameter is
more accurate than the transverse diameter; reliably measur-
ing to within 2-3 mm. Ultrasound is also the favored method to
follow changes in aneurysm diameter over time (i.e., aneurysm
surveillance).
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Although some prefer routine CT scan for patients with sus-
pected or known small AAAs, this imaging modality costs more
than ultrasound and carries morbidity associated with con-
trast administration. In our practices, contrast-enhanced aortic
CT is reserved for aneurysms that are >5 cm or in which repair
is actively being planned. In addition to assessing the size of an
AAA, a common reason to obtain a CT is anatomic evaluation
for EVAR (Figure 15.3). In this regard, CT assesses the fol-
lowing characteristics of the proximal aortic and distal
iliac artery seal or landing zones where the endograft is
fixed, thereby excluding the aneurysm from flow and
pressure:

1. The diameter and length in relation to branch arter-
ies (e.g., renal and internal iliac arteries)

2. The degree of circumferential calcification and/ or
thrombus

3. The degree of tortuosity or angle

4. The length of aneurysm in relation to the aortic
bifurcation and branch arteries

In addition, an aortic CT is indicated when a suprarenal or
thoracoabdominal aneurysm is suspected. One must remem-
ber that CT scan may occasionally overestimate the diameter
of an aneurysm because the measurements are made perpen-
dicular to the body axis, which introduces some error if the
aorta is tortuous. This error can now be corrected for
by use of modern CT software, which allows for calcu-
lations referred to as center line measurements of
aneurysm length and diameter.
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Figure 15.3. Evaluation for endovascular aneurysm repair (EVAR)
includes evaluation of the landing or seal zones of the endograft,
which include the aortic neck below the renal arteries as well as
the iliac arteries. These zones of endograft fixation are evaluated
for their length, diameter, degree of thrombus, degree of calcifica-
tion, and degree of angle or tortuosity. If any one of these four vari-
ables or a combination of one or more is unfavorable, the likelihood
of an effective seal is reduced and the aneurysm should not be con-
sidered a candidate for EVAR. Depending on the experience of the
institution, somewhere between 50 and 75% of AAAs are anatomic
candidates for EVAR.
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B. Aortography is not reliable for determining aneurysm
diameter, as luminal thrombus obscures the outer limit of the
aneurysm wall. Aortography prior to aneurysm repair, open
or endovascular, should be used selectively for the following
criteria:

1. Decreased peripheral pulses or symptoms of lower-extremity
claudication

2. Poorly controlled hypertension or renal insufficiency indi-
cating renal artery occlusive disease

3. Suprarenal or thoracoabdominal aortic aneurysms requir-
ing delineation of visceral and intercostal arteries

4. Symptoms of intestinal ischemia suggesting visceral artery
occlusive disease

5. Suspected horseshoe kidney with multiple renal arteries on
ultrasound or CT

Although once commonplace, aortography prior to EVAR is

now rarely indicated because of the high quality of dynamic,
contrast-enhanced aortic CT. One or more of these criteria for
preoperative aortography is present in fewer than 10% of
patients with AAA, making this invasive preoperative test
uncommon.
C. Medical risks. Most medical comorbidities can be
detected by the performance of a thorough history and physi-
cal exam, both of which are outlined in more detail in Chapters
4 and 7. As many as 50% of patients with AAAs have some
degree of coronary artery disease. Evidence-based guidelines
offered by the American Heart Association (AHA) and the
American College of Cardiology (ACC) in regard to evaluation
prior to AAA repair are outlined in Chapter 8. These guidelines
include recommendations for preoperative cardiac testing and
selective preoperative cardiac revascularization. In the con-
text of these guidelines, traditional open aortic
aneurysm repair is categorized as a high-risk proce-
dure (see Table 8.5) because of the need for an abdomi-
nal or retroperitoneal incision and cross-clamping of
the aorta. Endovascular aneurysm repair should be consid-
ered an intermediate risk procedure (see Table 8.5) as it may
be done under regional anesthesia, does not require aortic
cross-clamp, and can even be performed percutaneously in
many cases. In our experience, adherence to the AHA/ACC
Clinical Guidelines contributes to a low elective operative mor-
tality for open (3-4%) and endovascular (<2%) AAA repair.

A more aggressive approach to AAA repair in older or high-
risk patients has been advocated by some. EVAR now clearly
offers an option that is safer for many of these patients
although they must still be carefully selected and treated by an
experienced anesthesia and endovascular team. Under these
conditions, EVAR in high-risk patients can now be accom-
plished with an operative mortality of <5%. If not repaired,
many of these high-risk patients with larger AAAs will suc-
cumb to aneurysm rupture.

D. Associated vascular disease. Approximately 10% of
patients with an AAA will have associated carotid occlu-
sive disease in the form of an asymptomatic carotid
bruit or symptoms such as TIA or stroke. In our practice,
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these patients undergo carotid duplex to determine the signif-
icance of the carotid disease (Chapter 6). Patients with symp-
tomatic carotid stenoses undergo expeditious treatment of the
carotid prior to AAA repair even if the aneurysm is large. In
these cases, the timing of the AAA repair depends on the size
of the aneurysm and, unless it is quite large (>7 cm) or symp-
tomatic, the aneurysm repair is performed a week or two after
treatment of the symptomatic carotid. Patients with asympto-
matic carotid stenoses may undergo elective AAA repair prior
to carotid endarterectomy. Exceptions to this are patients with
asymptomatic unilateral preocclusive stenosis or bilateral
high-grade stenoses, in which case it is reasonable to treat the
carotid prior to AAA repair. However, patients with sympto-
matic or large aneurysms (>7 cm) should undergo AAA repair
without delay for carotid surgery. Overall, the risk of perioper-
ative stroke from carotid occlusive disease during AAA repair
is low, and clinical evidence supporting preoperative carotid
treatment is lacking.
V. Preoperative preparation for elective AAA repair is
now occupied mostly by study of aortic CT reconstruc-
tions in consideration of EVAR. Suitability for EVAR, type of
endograft, and specific endovascular approach all require signif-
icant consideration and planning. To this end it is our practice to
have more than one set of eyes evaluate the aortic CT prior to
final decisions regarding EVAR. This is productive when in the
form of discussion within our vascular and endovascular surgery
group, but may also be accomplished with experienced radiolo-
gists or even trusted clinical specialists employed by industry.
Careful evaluation of the aortic CT in these forums helps the
endovascular specialist anticipate and plan for “trouble spots”
during EVAR before starting the case. This type of disciplined
preoperative preparation before EVAR maximizes the likelihood
of a successful treatment and minimizes the chances of a mis-
guided endovascular attempt.
VI. Management of a ruptured aneurysm. Although EVAR
has been utilized to treat ruptured AAAs, in some specialized
institutions the most common form (>90%) of management
remains emergent open repair. The key to successful manage-
ment of a ruptured AAA with open or endovascular techniques is
expeditious movement of the patient to the operating room.
Delay in the emergency or radiology departments often results
in deterioration and death from hemorrhage.

Operative mortality associated with ruptured AAA has
remained unchanged for some time, although, just as in elective
AAA repair, there is some early evidence that EVAR may
improve mortality in certain groups of patients with ruptured
aneurysm. Overall, only about half of patients with a ruptured
AAA who arrive at the hospital will be discharged alive. Factors
predicting poor outcome or death are profound shock, cardiac
arrest (need for CPR), preexisting cardiac or renal disease, and
technical complications during the operation. Several factors,
however, can enhance the likelihood of survival for a patient
with a ruptured AAA.

A. Rapid transport. Patients with suspected AAA rupture

should be transported rapidly to a hospital, where a surgical
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team should be waiting for assessment and resuscitation. An
operating room should be readied as the patient arrives.

B. Resuscitation should include two large-bore (14 or 16
gauge) intravenous lines, a nasogastric tube, and a Foley
catheter. Blood should be typed and cross-matched for packed
red blood cells. Crystalloid solutions are acceptable for initial
volume administration, however emergency release type O
negative or cross-matched blood and fresh frozen plasma
should be given at a 1:1 ratio to patients with evidence of shock
(i.e., component blood therapy). In a strategy referred to as
permissive hypotension , blood pressure should be main-
tained only to a level to support urine output and men-
tal status. Systolic pressures of 100 mm Hg are adequate if
the patient is awake with some urine output. Inotropic agents,
vasopressors, and overuse of crystalloid with the goal of
achieving a normal blood pressure will worsen the situation by
causing hemorrhage before bleeding can be controlled in the
operating room.

If available, a rapid autotransfusion device (i.e., cell saver)
should be set up in the operating room. Arterial and central
venous lines can be placed and prophylactic antibiotics admin-
istered in the operating room.

C. Accurate diagnosis. If the patient has no previous diag-
nosis of AAA or the diagnosis is in question, ultrasound in the
emergency department is the most expeditious method to
determine the presence or absence of AAA. If the patient has
shown no evidence of hemodynamic compromise, or if EVAR is
an option at the institution, an abdominal CT scan should be
considered. An ECG should also be performed to rule out acute
myocardial infarction.

D. Immediate operation. A patient who has had hemody-
namic compromise (e.g., syncope or shock) and has a pulsatile
abdominal mass or a known AAA should be taken directly to
the operating room. Performance of a contrast CT in this set-
ting is risky and should only be performed if directed by an
experienced endovascular surgeon who is present and who is
considering emergent EVAR for ruptured AAA.

E. Temperature control. Patients with a ruptured AAA and
shock become hypothermic quickly. Those with a body temper-
ature below 33°C develop capillary leak syndrome necessitat-
ing more volume, manifest a diffuse coagulopathy, and slip
suddenly into life-threatening cardiac arrhythmias. The three
useful means of preventing hypothermia are (1) warming the
operating room to 70° to 80°F before the patient arrives,
(2) using the Bair Hugger warming tent over the upper
thorax and head, and (3) use of high volume, counter-
current warming infusing systems for all administered
intravenous fluids.

F. Aortic control can be obtained by open aortic clamp-
ing or with insertion of a large compliant aortic occlu-
sion balloon from a femoral or brachial artery sheath.
Since blood pressure can decrease precipitously with induction
of anesthesia, the patient should be prepped, and the necessary
arterial sheaths and occlusion balloons positioned prior to the
patient being anesthetized. If open repair is pursued, a midline
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incision is the most direct approach. If the retroperitoneal
hematoma is massive, initial aortic control should be gained by
compression or clamping of the aorta at the diaphragm (Fig.
15.4). In many patients, however, the aorta can be clamped
below the renal arteries. At this site, care must be taken to
avoid injury to the duodenum and left renal vein. Rarely, a
patient with multiple prior abdominal operations may need a
left thoracotomy for initial aortic clamping. Prior to clamping,
mannitol (25 g) may be given as a diuretic and free-radical
scavenger.
G. Anticoagulation. Administration of heparin during rup-
tured AAA repair may be problematic. If the patient is
hypothermic and in shock, a coagulopathy may already exist.
On the other hand, lower-extremity thrombosis is not uncom-
mon during ruptured AAA repair. Consequently, smaller sys-
temic doses of heparin (2,500 to 3,000 units) or regional
administration of heparin into the iliac arteries may decrease
lower-extremity thrombosis.
H. Assessing limb and vital organ perfusion. Lower-
extremity perfusion must be assessed before leaving the oper-
ating room. This can be achieved by palpating pulses, listening
for Doppler signals, or by using calf plethysmographic pulse
waveforms. If a significant thrombus or embolus is suspected to
either lower extremity, thromboembolectomy should performed
using a Fogarty catheter. In these instances, removal of the
thrombus or embolus and restoration of flow to the extremity
is best achieved by exposure and opening of the femoral artery
of the affected leg as opposed to attempts from the abdomen.
Likewise, the colon should be inspected for viability. If ques-

tionable, intravenous fluoroscein can be given and the bowel
inspected with a Wood’s lamp. When the abdomen is massively
distended, a tight primary closure may compromise renal or
visceral perfusion. In such instances the abdominal fascia
should not be closed and the abdominal contents covered with
a temporary abdominal closure. Delayed closure of the fascia
can be accomplished in 48-72 hours when patient physiology
and abdominal edema has improved.

VII. Technical aspects of AAA repair. The following section

briefly reviews some of the technical aspects involved with open

and endovascular aneurysm repair (Fig. 15.3).
A. Open aneurysm exposure may be performed through
a midline or left retroperitoneal approach (Fig. 15.5).
Both exposures have certain advantages and use of one over
the other tends to be specific to the institution or surgeon.
Those who prefer a midline incision and the inframesocolic
transperitoneal approach cite the excellent exposure of the
entire aneurysm—both renal arteries and both iliac arteries.
The disadvantage of the transperitoneal approach is the open
exposure of the bowel contents and a larger, more painful inci-
sion. The retroperitoneal exposure is touted by some to be less
painful and to produce less physiologic stress because it avoids
exposure of the bowel contents, which remain in the peritoneal
sack. The disadvantage of retroperitoneal exposure is that it
provides limited exposure of the right renal and common iliac
arteries, which may be particularly important in some cases.
For aneurysms that extend to the renal arteries, transperi-
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Figure 15.4. Supraceliac aortic clamping is useful for large
ruptured abdominal aortic aneurysms and huge retroperitoneal
hematomas that obscure the proximal aneurysm neck at the renal
level. NG, nasogastric. (The Mayo Foundation, with permission.)
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Figure 15.5. Anatomic trouble spots in abdominal aortic aneurysm
exposure. (1) The left renal vein or one of its branches (left renal
lumbar, gonadal, or adrenal) may be injured during exposure of the
aneurysm neck, especially with ruptured aneurysms. In 5% of cases,
the left renal vein lies posterior to the aorta and may be injured in
any attempt to encircle the proximal aorta for control. (2) The com-
mon iliac veins are usually adherent to the iliac arteries and may be
injured during dissection. (3) The inferior mesenteric artery should
be ligated on or within the aneurysm sac to avoid ligation of critical
collateral vessels from the marginal artery of Drummond. (4) Dissec-
tion of the aneurysm sac from the vena cava is usually unnecessary.

toneal exposure of the renal arteries and suprarenal aorta may
be facilitated by division of the left renal vein, leaving the adre-
nal and gonadal veins as outflow for the left kidney. Another
alternative is extensive mobilization of the left renal vein by
division of the adrenal, gonadal, and lumbar branches,
allowing the vein to be retracted up or down to expose the
suprarenal aortic segment. Those who advocate the retroperi-
toneal approach point out that this exposure facilitates visual-
ization of the suprarenal aortic segment without manipulation
of the left renal vein, as the left kidney including the left renal
vein is reflected up with the peritoneal contents away from the
aorta. After isolation of the proximal and distal clamp sites,
intravenous heparin (100 wkg) and occasionally mannitol
(25 g) is administered and allowed to circulate for 5 minutes.

B. Flow through the aneurysm is arrested by proximal
and distal clamping. This should be confirmed by palpating
the aneurysm to assure the absence of pulsatility. Once this is
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confirmed, the aneurysm is opened, the layered mural throm-
bus removed, and the back-bleeding lumbar arteries suture
ligated. Attention is also given to the inferior mesenteric
artery, which most often has back bleeding into the open
aneurysm sac. Depending upon the degree of bleeding from
the inferior mesenteric artery (IMA) and surgeon preference,
the IMA may either be ligated or temporarily occluded until
the graft has been sutured in place and perfusion to the lower
extremities reestablished. The prosthetic graft is sutured to
the normal proximal aortic neck inside the aneurysm sac after
the proximal aneurysm has been cut down to allow formation
of a good sewing ring (Creech technique). This sequence of
steps from clamping, opening the aneurysm, occluding back-
bleeding vessels, and suturing in a graft in the bed of the
aneurysm to restore antegrade flow is referred to as endoa-
neurysmorrhaphy. In cases where the duodenum is adher-
ent to the AAA (e.g., inflammatory aneurysm), we do not
dissect it from the aneurysm but attempt to work around it. If
infection is suspected, the aneurysm should be cultured and
completely excised. After the graft is in place, the clamps
removed, and flow restored, perfusion to the colon is assessed
and in most cases the inferior mesenteric artery may then be
ligated. In instances where normal circulation to the bowel
may not be present, such as a previous colon resection, the
inferior mesenteric artery may be implanted onto the pros-
thetic graft.

C. Retroperitoneal coverage of the graft should be com-
pleted using the aneurysm sac to separate the graft from the
intestine. If this is not done, the intestine, especially the duo-
denum, can adhere to the graft years later and result in an
aortoenteric fistula.

D. EVAR was introduced by Parodi in the early 1990s
and is now the operative approach for half of AAAs
treated in the United States. EVAR involves the passage of
self-expandable, covered stents (i.e., stent grafts) into the
aorta through the femoral arteries. Precise positioning of the
stent graft below the renal arteries and in the desired iliac
“landing zones” is achieved using fluoroscopy and contrast
arteriography. As the stent graft is fixed at normal arterial
segments at the proximal infrarenal aorta (i.e., neck) and the
iliac arteries, the AAA is excluded from flow and, therefore,
arterial pressure. If appropriate fixation and seal is achieved,
flow and pressure go through the graft, allowing the walls of
the AAA to be depressurized and in many cases decrease in
size or “heal” around the graft.

Incomplete positioning or sealing of the aneurysm
sac following endograft placement results in endoleak.
Endoleaks are categorized into four main groups according to
their cause and may not be significant depending upon the
category. Type I endoleaks result from failure of primary
graft-artery seal points at the aortic neck or iliac arteries and
are generally considered a technical failure of endograft place-
ment. An example of a type I endoleak is failure to achieve a
seal at the proximal aortic neck below the renal arteries
resulting in antegrade flow around the deployed stent into the
aneurysm sac. Type I endoleaks leave the aneurysm fully
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pressurized and should be corrected in the operating room.

Type II endoleaks represent back bleeding into the

aneurysm sac from patent lumbar arteries or the inferior

mesenteric artery. Type II endoleaks are present at the conclu-
sion of up to 25% of EVAR cases and are not immediately
treated, as most do not pressurize the aneurysm sac and will
resolve over time. Type II endoleaks are only relevant if they
persist and if the aneurysm sac does not decrease in diameter
over a period of 1 to 2 years. In these cases, type II endoleaks
should be treated with the endovascular technique of coil
embolization. Type III endoleaks represent flow into the
aneurysm sac from junction points in the modular bifurcated
endografts. Like type I leaks, type III leaks are viewed as a
technical failure of the endograft and should be corrected when
they are identified or soon thereafter, as the aneurysm sac
remains pressurized. Type IV endoleaks represent flow into
the aneurysm sac from flaws or porosity in the graft material
itself. Type IV endoleaks are uncommon and are treated indi-
vidually depending on their appearance on imaging studies

(e.g., CTA or aortography) and whether or not the aneurysm

sac is decreasing in diameter.

Although EVAR is successful, with a 98% technical success
rate, and studies show lower morbidity and mortality with its
use compared to open repair, it does have drawbacks. Specifi-
cally, following EVAR patients require more graft surveillance
and even reintervention than patients who have undergone
open repair. The follow-up of endografts is necessary to assess
aneurysm size and the presence or absence of endoleaks. This
follow-up regimen includes contrast-enhanced CT scans,
which can lead to detrimental effects on renal function over
years of surveillance. The use of contrast CT scans to follow
endografts has been reduced in recent yeas with increased
reliance on duplex ultrasound. Recent studies have shown
that 25% of patients who have undergone EVAR will require
some graft-related reintervention at 5 years, compared to 2%
of patients who have undergone open repair. Nearly all of
these interventions are performed with endovascular tech-
niques and include treatment of endoleaks.

VIII. Concurrent intra-abdominal disease. As a rule we
prefer not to combine elective AAA surgery with other intra-
abdominal procedures that could be safely postponed. Therefore,
if the coexisting pathology does not have an urgent need to be
treated (e.g., asymptomatic gallstones) we proceed with the
planned aneurysm repair, open or EVAR.

If the coexisting disease process has urgency, such as the case
of gastrointestinal or genitourinary malignancy, we then con-
sider the size of the AAA and whether or not it can be treated
with EVAR. If the AAA is 5.5 cm or larger and EVAR is an
option, we proceed with endovascular repair quickly, allowing
full focus on treatment of the urgent malignancy or other disease
process in the weeks that follow. If the aneurysm is 5-5.4 cm or
is not an endovascular candidate and the coexisting process has
urgency, we defer treatment of the AAA until after the other
pathology has been addressed. This is especially the case in
instances where the other disease process is symptomatic, such
as cholelithiasis, cholecystitis, or an obstructing colon cancer. In
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these cases we follow the aneurysm closely in the perioperative
period with ultrasound or even CT, as there have been anecdotal
reports of aneurysm expansion following abdominal operations
for other reasons.

On the rare occasion when intra-abdominal pathology
is encountered during open AAA repair, the aneurysm
repair should proceed as planned in almost all cases. This
is particularly the case when the aneurysm is >5.5 cm.
Even in cases where pathology is incidentally noted or palpated
in the bowel or solid organs, the open aneurysm repair should be
completed and note of the findings made in the operative dicta-
tion. Appropriate consultation, imaging, and endoscopy should
be made in the early postoperative period in such cases. The only
exception to this rule may be in a patient with an aneurysm <5.5
cm in whom an obstructing colon cancer is encountered at the
time of open AAA repair. In such a case it would be reasonable to
leave the aneurysm untreated and turn focus to the obstructing
colon cancer recognizing that the aneurysm would require close
observation in the perioperative period.

X. Postoperative complications. Early postoperative compli-
cations include cardiac or respiratory dysfunction, postoperative
bleeding, and renal insufficiency (Chapters 8 and 9). Graft-
limb thrombosis or lower-extremity embolization can lead to
lower-extremity ischemia requiring urgent intervention. Colon
ischemia occurs in 1-2% of AAA repairs and usually
manifests in the early postoperative period as a bloody
bowel movement. In these cases urgent lower endoscopy is
indicated to make the diagnosis of colon ischemia and to allow
appropriate treatment, such as broad spectrum antibiotics,
aggressive resuscitation, or return to the operating room for
removal of nonviable colon. Aortoenteric fistula, prosthetic graft
infection, and sexual dysfunction are complications seen in the
later postoperative period.

XI. Long-term follow-up. Long-term survival following elec-
tive AAA repair is 70-80% at five years and 50% at 10 years,
which is less than that in age-matched controls without AAA.
Studies have shown that long-term survival rates for patients
undergoing EVAR are less than those having open repair, but
this is a result of selection bias. Less fit patients were more
likely to have had EVAR in these reports. The most important
factor in long-term survival of patients following AAA repair is
the presence or absence of coronary heart disease. Patients with
clinically evident heart disease have a decreased survival of 50%
at 5 years and only 30% at 10 years. Although less common than
cardiac morbidity, stroke affects 5% of patients at 5 years and
10% at 10 years following aneurysm repair.

Late graft-related complications following AAA repair
include graft limb occlusion, graft infection, and anasto-
motic aneurysm. These long-term complications are less fre-
quent following open AAA repair (0.5-1% per year) than following
EVAR (5% per year). Additionally, up to 25% of patients will
develop aneurismal dilation of the aorta proximal to the AAA
repair over time. Although these aneurysms in the paravisceral
or thoracic aorta are often small, their incidence along with that
of graft-related complications confirms the need to periodically
check patients who have undergone AAA repair.
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Specifically, we evaluate patients twice in the first year after
open AAA repair and annually thereafter. The evaluation
includes a physical exam of the femoral and popliteal arteries, a
duplex ultrasound of the aortic graft, and a chest x-ray. A con-
trast CT scan of the aorta is obtained every 5 years following
open AAA repair. Postoperative surveillance following
EVAR is changing with an increased reliance on duplex
ultrasound compared to contrast CT scan. In our practice,
patients who have undergone an uncomplicated EVAR receive
one contrast-enhanced CT scan and an aortic duplex in the
month following the procedure. If there is no endoleak we repeat
the duplex in 3 and 6 months and the CT scan at the one-year
mark following EVAR. If the one-month postoperative CT shows
a type II endoleak, the CT is repeated at 3 and again at 6
months, assuming there is no enlargement of the aneurysm.
Identification of a type I or III endoleak or aneurysm enlarge-
ment (>3 mm) is an indication for a formal aortogram to more
thoroughly evaluate the endograft and the dynamics of the
aneurysm. Most endoleaks and graft-related complications
following EVAR can be treated with endovascular techniques.

THORACOABDOMINAL AORTIC ANEURYSM

Thoracoabdominal aortic aneurysm (TAA) is defined as simulta-
neous aneurysm involvement of the thoracic and abdominal aor-
tic segments. TAAs represent <10% of degenerative aortic
aneurysms and are classified based on a scheme reported by E.
Stanley Crawford (Fig. 15.6). Natural history data on TAAs
reveals a negligible rupture risk for aneurysms <4 cm. In con-
trast, 5-year rupture risk is nearly 20% for TAAs between 4 and
6 cm and 33% for those >6 cm. Therefore, the threshold for open
repair has traditionally been an aneurysm diameter of 6 cm in
healthy patients or for aneurysms that have expanded 1 cm in a
year’s time. Open repair of thoracoabdominal aortic aneurysms
was the only option for treatment until 2005, when the FDA
approved a commercially available thoracic aortic stent graft.
Although the role of thoracic endovascular aneurysm repair
(TEVAR) in the treatment of thoracic aneurysms (TA) and TAA
has yet to be fully defined, its introduction as a less invasive
option has generated considerable enthusiasm.

I. Preoperative evaluation. In addition to history and physi-
cal, a contrast-enhanced dynamic CT scan of the aorta is
required. Because of the tortuosity of the thoracic aorta it is
important that measurements of diameter be made perpendicu-
lar and not tangential to the aortic centerline axis. Accurate
measurements can best be obtained using axial centerline soft-
ware with 3D reconstructions, which allows for sizing of diame-
ter and assessments of length within the aneurysm. Although
contrast aortography was historically mandatory prior to TAA
repair, advances in CT imaging have allowed this invasive pre-
operative test to be performed selectively. One indication pro-
posed by some for preoperative aortography is localization of the
great radicular artery (i.e., artery of Adamkiewicz) which is
felt to be useful in decreasing the risk of perioperative spinal
cord ischemia. This artery arises from a T, to T,, intercostal
artery in 75% of patients and is the main blood supply to the
anterior spinal artery. The utility of preoperative localization of
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Type 1l Type IV
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Figure 15.6. Crawford classification of thoracoabdominal aortic
aneurysms. (From Crawford ES, Crawford JL, Safi HJ. Thoracoab-
dominal aortic aneurysms: Preoperative and intraoperative factors
determining immediate and long-term results of operations in 805
patients. J Vasc Surg. 1986;3:389-404, with permission.)
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this artery in reducing the incidence of cord ischemia has not
been universally accepted and most groups rely on other periop-
erative adjuncts to avoid this often devastating complication.
II. Operative principles. The open operative approach to TAA
follows one of two distinct methods: (1) clamp-and-sew with
adjuncts used to minimize end organ ischemia, or (2) distal aor-
tic perfusion with sequential clamping of the graft. Both
use a left thoracoabdominal approach, and the choice is influ-
enced by the experience of the surgical, anesthesia, and inten-
sive care teams. The following are adjuncts used individually or
together during TAA repair to reduce morbidity.

A. Distal aortic perfusion is achieved with left atrial to
femoral artery bypass utilizing a Bio-Medicus pump (Medtron-
ics, Minneapolis, MN, U.S.A.). This technique provides distal
perfusion to the lower extremities and visceral arteries during
aortic graft placement, and may benefit the heart by unloading
the left ventricle during aortic cross-clamp.

B. Regional spinal cord hypothermia (mean 26°C) using

an epidural catheter with infusion of cold saline reduces the

metabolic rate and demand of the spinal cord. Temperature
and pressure may be monitored simultaneously with a sepa-
rate intrathecal catheter.

C. Cerebrospinal fluid drainage improves perfusion pres-

sure of the spinal cord when pressure is greater than 10 to 15

cm H,0. This technique is commonly used perioperatively and

for 1 to 3 days following the operation.

D. Renal cooling. Direct application of ice and infusion of

renal preservation solution (4°C lactated Ringer’s with man-

nitol and methylprednisolone) into the renal artery after
opening the aorta reduces local metabolic demands and stim-
ulates diuresis.

E. In-line mesenteric shunting. After performance of the

proximal anastomosis an arterial perfusion catheter is placed

from the proximal graft to the celiac or superior mesenteric

artery ostia. This allows prograde, pulsatile perfusion to the

viscera while the remainder of the graft is being placed.
III. Postoperative course. Operative mortality of TAA repair
averages 10% but is much higher in urgent or emergent cases.
Other factors that are associated with higher morbidity and
mortality are preoperative renal dysfunction (Cr 1.8 mg/dL),
intraoperative hypotension, intraoperative transfusion require-
ments, the development of postoperative spinal cord ischemia,
and hypothermia (<35°C).

Respiratory failure is the most common complication follow-
ing TAA repair (25-45%). Risk factors are active smoking, base-
line pulmonary disease, and division of the phrenic nerve during
thoracoabdominal exposure. The incidence of spinal cord
ischemic complications ranges from 4% to 16% in large series
following all types of TAA. This can be as high as 30% in patients
with extensive type I and II TAA (Fig. 15.6). Renal failure can
be expected in 5% to 20% of patients following TAA repair and
increases the risk of mortality nearly tenfold. A survival of 55%
at 5 years can be expected following elective TAA repair with car-
diac events representing the leading cause of death. Rupture of
another aneurysm accounts for 10% of late deaths emphasizing
the importance of lifelong aneurysm surveillance.
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AORTIC DISSECTION

Dissection is a common vascular catastrophe affecting the aorta
and is distinct from degenerative aneurysms. Dissection results
from an aortic defect that allows a false lumen to form between
the intima and adventitia. The DeBakey classification of aor-
tic dissection includes types I and II, which involve the ascend-
ing aorta, and type III, which involves only the descending aorta
(Fig 15.7). The Stanford classification includes type A, involv-
ing the ascending aorta, and type B, involving only the descend-
ing aorta. Complications of dissection include aortic valve
insufficiency, aneurysm formation, aortic rupture and
visceral, renal or peripheral ischemia.

I. Preoperative evaluation. Aortic dissections present as tear-
ing chest or back pain in patients between the ages of 50 and 70
years. A history of hypertension is present in 80% to 90% of
patients. The physical exam should be mindful of branch arteries
from the aorta, which may be rendered ischemic by the dissection
plane. End organ ischemia can present in the cardiac, visceral
(i.e., mesenteric or renal), or extremity distribution. Initial diag-
nostic tests should include an EKG and chest radiograph, but the
diagnosis of aortic dissection is made by contrast-enhanced
dynamic CT. Gadolinium-enhanced MRA has also been found to
be effective in most institutions but generally takes considerably
longer to obtain than CT. Contrast aortography is generally
reserved for individuals in whom an intervention is planned and
not simply as a diagnostic modality.

DeBakey

Stanford

Figure 15.7. Classifications of aortic dissection.
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II. Management. A critical initial step in the management
of aortic dissection is to decrease the mean arterial pres-
sure and contracting force of the heart. This is achieved
foremost with intravenous beta-blockade. Sodium nitroprusside
can be useful as a secondary agent but only after the patient has
been started on a beta-blocker and stabilized, so as not to cause
untoward vasodilation with a compensatory increase in heart
rate and contractility. Nearly all patients with dissections involv-
ing the ascending aorta (DeBakey, types I and II; Stanford type
A) require emergent surgery to prevent death from cardiac tam-
ponade or aortic regurgitation with heart failure. This involves
replacement of the ascending aorta and aortic valve via a median
sternotomy. DeBakey type III or Stanford type B dissec-
tions can be managed medically in the acute setting 80%
of the time. Surgery via a left thoracoabdominal approach is
reserved for the 10% to 20% of patients who develop complica-
tions of the dissection over the mid and long term. Complica-
tions from type B dissections that constitute indication
for intervention include development of end organ
ischemia, aortic expansion with aneurysm formation, aor-
tic rupture, and refractory or recurrent pain.

III. Postoperative course. Patients with Stanford A dissec-
tions have a higher likelihood of death in the first 24 to 48 hours
after onset than patients with Stanford B dissections. However,
the operative mortality of Stanford B dissections is higher (30%
to 50%) if an operation becomes necessary due to failure of med-
ical management. Stanford A dissections carry an operative
mortality of approximately 10% to 15%. A 5-year survival of 75%
to 85% exists in patients who leave the hospital alive following
aortic dissection.

FEMORAL ARTERY ANEURYSM

True femoral artery aneurysms (FAAs) usually are found in
male patients who have AAAs and or aneurysms of the popliteal
artery. In contrast to AAAs, the natural history of femoral artery
is not expansion and rupture but rather distal embolization and
thrombosis, which occur in about 30% of FAAs. In these
instances patients present with acute limb ischemia requiring
urgent intervention. For these reasons elective surgical repair is
warranted in most cases when FAAs are discovered.

I. Preoperative evaluation. Because the majority of patients
with FAAs will have an associated AAA or popliteal artery
aneurysm, the preoperative evaluation must include careful
palpation of the abdominal aorta and popliteal arteries. Duplex
ultrasound of these areas is also indicated as a more sensitive
test to detect concurrent aneurysm disease. In general, contrast
arteriography is indicated prior to operative intervention to
define distal runoff and delineate involvement of the profunda
femoris and superficial femoral arteries. In reality, similar anato-
mic detail may now be obtained in certain institutions with con-
trast-enhanced CTA or even MRA in combination with duplex
ultrasound.

II. Operative principles. Three factors govern the choice of
operation for common FAAs: (1) location of the origin of the pro-
funda femoris artery, (2) patency of the superficial femoral
artery, and (3) patency of the aneurysm itself.
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A. In type 1 FAAs in which the profunda femoris orifice is
distal to the aneurysm and all vessels are patent, the simplest
and most successful repair is a vein or synthetic graft interpo-
sition for the resected aneurysm.
B. In type 2 FAAs, the profunda femoris arises from the
aneurysmal sac. We cannot overemphasize the importance of
maintaining patency of the profunda femoris when such
aneurysms are repaired. In most instances, such aneurysms
are resected and an interposition graft (vein or prosthetic
material) is sewn to the superficial femoral artery. A small side-
arm graft is then constructed to the profunda femoris artery.
C. When the superficial femoral artery is chronically
occluded, it is ligated and an end-to-end anastomosis of the
graft to the profunda femoris artery is performed.
IV. Postoperative follow-up. After FAA repair, patients
should be followed annually. Duplex ultrasound is an ideal
method to monitor grafts and to discover other aneurysms. Newly
discovered aneurysms of the abdominal aorta or popliteal arter-
ies should be corrected as indicated.

POPLITEAL ARTERY ANEURYSMS

Like other peripheral aneurysms, popliteal artery aneurysms
have a natural history of embolization and thrombosis. In a
recent study by the Mayo Clinic, 60% popliteal artery aneurysms
undergoing repair presented with symptoms (39% chronic
ischemia and 21% acute limb ischemia), while 40% were asymp-
tomatic. Large popliteal artery aneurysms may also present as a
pulsatile mass behind the knee, which may obstruct the popliteal
vein or compress the tibial nerve. Popliteal aneurysms at great-
est risk for thromboembolic events have three characteristics
that guide indications for elective repair: (1) size greater than
2 cm, (2) intraluminal thrombus on duplex, and (3) de-
creased pedal pulses or evidence of distal embolization
indicating symptoms and compromised runoff.

I. Preoperative evaluation. Like patients with femoral artery
aneurysms, these patients must be carefully examined for other
aneurysms, especially in the aortoiliac location. In the same
series from Mayo, approximately 50% of patients had bilateral
popliteal aneurysms, 50% had AAAs, and almost 10% had
aneurysms in the thoracic or paravisceral aorta. Preoperative
imaging of the extremity should define not only the location and
extent of the PAA but also delineate the below-the-knee runoff.
Special consideration should be given to the condition of the
superficial femoral artery and the distal runoff in order to plan
an effective operative approach. This information can be obtained
with contrast arteriography of the extremity. However, with the
increasing sensitivity of CTA and MRA in some institutions,
these modalities may be combined with duplex to provide all the
necessary preoperative anatomic information in some situations.
II. Operative principles. The preferred surgical treatment for
popliteal artery aneurysms is the medial approach, which allows
exposure of the above- and below-the-knee popliteal artery. This
approach allows proximal and distal ligation of the aneurysm
followed by greater saphenous vein bypass. One should not be
fooled into assuming that the distal superficial femoral
artery will be a normal artery suitable as an inflow ves-
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sel. In up to two-thirds of cases, the superficial femoral artery
above the knee is diseased and not suitable for inflow. Therefore,
origination of the vein bypass must come from the common
femoral artery in the groin in these cases.

Historically, simple ligation and bypass of the aneurysm from
the medial approach has been effective in treating popliteal
artery aneurysms. There is some evidence that ligation alone
results in continued pressurization and even expansion of the
popliteal aneurysm from patent side branches feeding into the
ligated aneurysm. Some practitioners now advocate opening
the aneurysm after ligation to oversew any back-bleeding
vessels to eliminate this possibility. In about 15% of cases, a pos-
terior approach to the popliteal artery aneurysm is used and is
particularly useful for large aneurysms causing symptoms of
compression. This approach, which is performed through a sin-
gle incision with the patient prone, allows for more complete
decompression of the aneurysm and popliteal space. In these
cases larger aneurysms should be opened, the thrombus
removed, and a portion of the sac resected to prevent compres-
sive symptoms from the mass effect of the aneurysm.

Popliteal artery aneurysms that present with acute
thrombosis and acute limb ischemia are best treated with
an attempt at preoperative catheter-directed thromboly-
sis. If initiated early enough after the onset of symptoms, this
preoperative adjunct significantly increases the chance of a suc-
cessful surgical reconstruction in the ensuing 24-48 hours.
Catheter-directed thrombolysis is described in Chapter 11 and
involves placement of an infusion catheter (i.e., soaker hose) into
the thrombosed aneurysm and administration of a thrombolytic
agent such as TPA. This technique improves the infrapopliteal
outflow and has decreased the limb-loss rate associated with
thrombosed popliteal artery aneurysm from 30% to 10%.

Recent reports have described the endovascular treat-

ment of popliteal artery aneurysms using a self-expand-
ing covered stent. In fact, in select groups of patients, the
short-term success of this technique appears acceptable. How-
ever, its broad application is limited by yet-to-be-defined
anatomic criteria of the femoral and popliteal arteries and estab-
lished long-term effectiveness. Currently, the standard treat-
ment for popliteal artery aneurysms is open repair and the
endovascular approach is reserved for select patients who are
not operative candidates.
III. Postoperative follow-up. Patients treated for popliteal
artery aneurysms should be reevaluated annually, not only to
assess the bypass with duplex but also to check for the develop-
ment of elsewhere in the arterial system.
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cHAPTER 16

Renal Artery Diseases

Vascular providers are frequently asked to comment on or man-
age different forms of renal artery disease with a wide range of
etiology, pathophysiology, and natural history. From renal
artery aneurysms to fibromuscular dysplasia (FMD) to
atherosclerotic occlusive disease, all forms of renal artery
disease have two common endpoints of clinical concern;
one related to blood pressure elevation and the other to
deterioration of renal excretory function. Renal artery dis-
ease either from atherosclerosis or fibromuscular dysplasia is the
most common cause of secondary hypertension and is present in
about 5% of the elderly population. A recent study of patients
referred to a university vascular laboratory identified significant
occlusive disease in nearly a quarter of patients, a finding that
was more common in those receiving two or more blood pressure
medications. In the context of all patients with hypertension,
renovascular occlusive disease is responsible for only about 5% of
cases. While this percentage seems low, the growing number of
Americans with hypertension (31% of the U.S. population or 65
million individuals in 2000) makes the prevalence of this vascu-
lar disease process significant, especially in an aging population.

Tremendous gains have been made in the understanding of
the natural history of renal artery disease although issues sur-
rounding the indications for and timing of renal artery interven-
tion (open or endovascular) remain somewhat unsettled. The
topic of renal artery intervention remains a major clinical chal-
lenge in large part because of advancing technologies on all sides
of the matter (diagnostic, pharmacologic, and endovascular).
There is little question that renal artery occlusive disease accel-
erates the development of hypertension through activation of
pressor systems and, if severe enough, ultimately results in
ischemic damage to renal excretory function. Untreated hyper-
tension results in end-organ damage affecting the heart, brain,
peripheral vascular, and ophthalmologic systems, as well as the
kidneys themselves.

Except for a subset of pediatric patients with renovascular
hypertension, most patients referred to the vascular provider for
evaluation of renal disease are elderly with chronic hypertension
and other comorbidities such as diabetes mellitus. The benefit of
an extensive anatomic workup of the renal arteries in these
patients is not always clear, as antihypertensive drug therapy
has been shown to be quite effective. Medications that block the
renin-angiotensin system, either conventional angiotensin-
converting enzyme inhibitors (ACE inhibitors) or the newer
angiotensin-II receptor blockers (ARBs) have become first-line
therapy. And when combined with beta-receptor blockers or cal-
cium channel blockers these medications suffice in treating
hypertension even in the presence of renal artery disease in
most patients.

The challenge comes when patients require more than 2 or 3
medications to control hypertension or have deterioration of
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renal function or kidney size. Imaging of the renal arteries and
selection of appropriate patients for renal revascularization in
this group is really at the center of the clinical challenge. Unfor-
tunately, treatment decisions in these patients are not always
guided by high levels of clinical evidence, although this is an
area of intense interest and clinical study. One trial that is
underway is the Cardiovascular Outcomes in Renal Ath-
erosclerotic Lesions (CORAL) study, which randomly
assigns subjects with proven, high-grade, renal artery
lesions to optimal medical management with and without
renal stenting. Understanding the best role for renal artery
intervention depends greatly on how such well-designed clinical
trials are conducted.

This chapter aims to summarize basic principles related to
renovascular hypertension and renal artery disease and reviews
indications for and basic principles of the diagnostic evaluation.
Indications for renal artery interventions, open and/or endovas-
cular, are also discussed, including techniques and periproce-
dural care.

I. Renin-angiotensin system. To logically manage renovascu-
lar hypertension, one must review the relationship of the kidney
to blood pressure control. By adjusting sodium and water reten-
tion and through the release of vasoactive factors, the kidney
functions as an endocrine organ helping to maintain blood pres-
sure through several mechanisms. A hemodynamically signifi-
cant obstruction or stenosis of the renal artery or an overall
decrease in blood volume decreases blood flow to the kidney. This
decrement in blood flow is “viewed” by the kidney as hypovolemia
or hypotension and initiates a response from that kidney that
involves release of local and circulating factors. Specifically,
baroreceptors in the juxtaglomerular apparatus of the
kidney detect decreases in renal blood flow and respond
by releasing the enzyme renin. Renin cleaves the serum
globulin angiotensin I, forming the vasoactive peptide
angiotensin II, which increases renal blood flow by sev-
eral mechanisms. Angiotensin II stimulates adrenal release of
aldosterone, causes systemic vasoconstriction, and exerts an
antidiuretic, antinatriuretic action on the kidney (i.e., fluid or
volume retention). Angiotensin II also causes vasoconstriction of
the efferent arterioles of the juxtaglomerular apparatus, decreas-
ing flow from this system and producing a subsequent rise in
pressure. The result is sodium and water retention, expansion of
extracellular fluid volume, and an increase in systemic blood
pressure. One very effective class of medications used to treat
hypertension includes several that inhibit conversion of
angiotensin I to angiotensin II (ACE inhibitors) or directly block
the angiotensin II receptor (ARBs).

II. Diagnostic evaluation of the renal arteries should be
performed only in appropriate clinical circumstances. As
was noted previously, 5-10% of patients with hypertension have
some form of renal artery disease resulting in a functional renal
artery stenosis. This association occurs more often in hyperten-
sive children and young adults, who more commonly have aortic
coarctation, congenital renal artery stenosis, or fibromuscular
dysplasia. In this population of young individuals with signifi-
cant hypertension, diagnostic evaluation of the renal arteries is
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warranted early in their evaluation to look for congenital abnor-
malities or FMD.

In contrast, elderly adults are most commonly affected by
essential hypertension, and routine diagnostic evaluation of the
renal arteries is not necessary early in the course of their
workup. In these cases, even though at risk for atherosclerosis
and renal artery disease, initiation of one or two medications
along with risk factor modification is usually effective in reduc-
ing blood pressure. A thorough history and physical exam should
be performed and routine lab tests, including serum creatinine
and creatinine clearance, should be performed. If there is no
indication from the history, physical, or lab testing that the renal
arteries are involved, basic medical management (e.g., one or
two medications) may be initiated without diagnostic evaluation
of the renals. If this strategy, which includes risk modification
and exercise, is not effective at achieving a desirable blood pres-
sure within 3 months, diagnostic evaluation of the renal arteries
should be performed.

Diagnostic tests of choice to identify and measure renal artery
disease vary among institutions. However, initial evaluation
should begin with noninvasive tests such as duplex ultrasound,
CTA, and MRA. The vascular provider should be mindful that
only duplex spares the patient from the nephrotoxic effects
of contrast needed with CTA and MRA, and is therefore the
preferred diagnostic test. Invasive renal artery arteriography
should be performed sparingly and reserved for cases in which
an intervention is planned. Alternatively, angiography is
indicated for instances in which noninvasive studies are incon-
clusive or in disagreement, and the information regarding
renal artery anatomy is imperative in clinical decision-making
process.

A. Screening tests. Duplex ultrasound is the primary

noninvasive test of choice in screening for renal artery

disease. Renal duplex requires the patient to fast in order to
reduce the amount of bowel gas interference with the study.

Evaluation of the renal arteries with duplex also requires an

experienced vascular technologist and about 45 to 60 minutes

of time (Chapter 6). Another noninvasive option for evaluation
of the renal arteries is gadolinium-enhanced magnetic reso-
nance angiography. MRA has the advantage of imaging the
entire aorta and branch vessels and can often provide quite
remarkable images. MRA is especially useful in cases of renal
artery aneurysms and FMD. However, quality of MRA is often
institution-specific and some vascular specialists see MRA as
overestimating the degree of renal artery occlusive disease.

Furthermore, MRA is relatively expensive, and is not always

tolerated by patients who may be claustrophobic. In our prac-

tice, we use MRA as a backup for renal duplex imaging that
provides inconclusive or equivocal results. Similar to MRA,

CTA of the renal arteries can provide exceptional images of

the aorta, main renal arteries, and renal hilum. Unfortunately,

the contrast necessary to achieve such imaging carries a sig-
nificant nephrotoxic effect and often precludes use of this non-
invasive imaging modality. We rarely use dedicated CTA to
image the renal arteries in the setting of suspected renovas-
cular hypertension and save this modality for patients with
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renal artery aneurysms or congenital renal abnormalities in
younger patients who have normal renal function.

Two functional tests for renovascular hypertension

that are currently used sparingly, are the captopril test
and captopril renal scanning. The captopril test involves
oral administration of captopril, an ACE inhibitor, after base-
line measurement of plasma renin activity and blood pressure.
Renovascular hypertension should be suspected when the
post-captopril plasma renin level is excessively high. Some
older studies indicate that the sensitivity of this test
approaches 100%, with a specificity of 90%. However, the test
is less accurate in the presence of renal insufficiency. Criteria
for a positive captopril renal scan include a reduction in
glomerular filtration rate and a delay in the time to peak clear-
ing of the radionuclide.
B. Arteriography carries the nephrotoxic risk of con-
trast material and should be performed only when an
intervention is planned or when noninvasive studies
are inconclusive or in disagreement and information
regarding renal artery anatomy is imperative in clinical
decision making. The more selective use of renal arteriogra-
phy is an advance in the management of this vascular condition
and is a testament to improvements in noninvasive vascular
imaging (e.g. duplex and MRA) and an improved understand-
ing of which patients benefit from renal intervention.

When performed, renal arteriography should include (a) an

abdominal aortogram, (b) selective renal artery injections
in different planes, and (c) a celiac artery injection with a lat-
eral view if the splenic or hepatic arteries are being considered
for open splenorenal or hepatorenal bypass. The amount of
contrast should be minimized in all patients with suspected
renovascular disease, and imaging adjuncts such as CO, aor-
tography and intravascular ultrasound (IVUS) often aid in
this objective.
C. Renal vein renin determination is mentioned mostly
as a historical note as few vascular specialists continue
to use this test in day-to-day practice. Renal vein renin
determination has fallen out of favor because of its invasive
nature, technical requirements, and often nonspecific findings.
The concept behind renal vein renin measurements is as fol-
lows: The presence of a renal artery stenosis on an imaging
test does not establish its functional importance (e.g., whether
it is causing renin release and hypertension). To explore this
question, a comparison of renin from venous samples taken
from each renal vein and the inferior vena cava above and
below the renal veins provides insight into the significance of
a renal artery stenosis. Since a kidney that is truly ischemic
will produce increased amounts of renin, a renal vein ratio of
at least 1.5:1.0 should be present if the renal artery stenosis is
significant.

Different aspects of renin determinations complicate the
ability to achieve meaningful results. Antihypertensive med-
ications such as beta-blockers, which suppress renin secre-
tion as well as variations in sodium intake, affect renal vein
renin assay and often result in nonlateralization of renal vein
renins (i.e., an indeterminate finding). One way to stimulate a
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difference in renal vein renins is captopril administration
after baseline renins are collected. Renin levels are again col-
lected 30 minutes after captopril and a post-captopril renal
venous ratio of 3 increases the sensitivity of the test. Despite
the past value of renal vein renins, their use in everyday clin-
ical practice has diminished in recent years.
III. Indications for invasive intervention. Because of the
effectiveness of medical management of renal artery disease and
the absence of clear benefit in treating certain renal artery dis-
ease, the indications for intervention, open or endovascular, have
been highly scrutinized. The bottom line is that not all renal
artery abnormalities, blockages or otherwise, need to be treated
with a procedure. In fact it is probably the minority, and any
planned intervention, open or endovascular, should be well
thought out.
A. Renovascular hypertension that is refractory to
medical treatment is the most common indication for inter-
vention. In our practices we stress the fact that patients with
renovascular hypertension need intensive blood pressure con-
trol and cardiovascular risk management (Chapters 7 and 8)
before and after any intervention. Such management
requires close attention and follow-up after interven-
tion to assess for clinical and technical adequacy (i.e.,
whether the blood pressure improved and the revascu-
larization is patent). In most cases the patient is best served
by a multidisciplinary team, which may include vascular and
hypertensive specialists and nephrologists.

Success of renal artery revascularization for hypertension
depends on the etiology of the disease and the age of the
patient. The best results, open or endovascular, have been
reported in younger patients (<50 years old) with fibromuscu-
lar dysplasia or focal atherosclerotic lesions and preserved
renal function. Additionally, renovascular hypertension
caused by bilateral disease often responds more dramatically
with a better long-term result than patients with unilateral
disease. Long-term cure of hypertension occurs in only about
10% of patients while around 70% of patients will have an
improvement in their blood pressure as defined by the need
for fewer antihypertensive medications. In contrast, older
patients with chronic hypertension and diabetes, both
of which damage the renal parenchyma over time (e.g.,
hypertensive nephropathy and diabetic nephropathy),
have less convincing improvements.

In most cases today the initial treatment modality is
endovascular angioplasty with or without stent placement.
The most favorable renal disease treated with endovascular
means is FMD of the renal artery. In this setting percutaneous
transluminal balloon angioplasty is technically successful in
more than 95% of cases and provides a very durable treat-
ment. In cases of FMD, angioplasty without stent placement is
preferred and may even provide satisfactory treatment in
patients where the FMD extends into the first order renal
artery branches. The endovascular approach to renovascular
hypertension caused by atherosclerotic occlusive disease
includes placement of balloon expandable stents in nearly all
cases. Because much of this disease is felt to originate in the
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lumen of the aorta, care is taken to overlap the stent into the
aorta slightly to account for and adequately treat this disease.
B. Preservation of renal function through renal artery sur-
gery or angioplasty has also received considerable attention and
clinical studies using both methods have been reported. The
trick is to identify the patients who are most likely to
benefit from invasive therapy to preserve renal function
and then to perform the therapy without causing a decre-
ment in renal performance. Certainly, consideration should
be given to patients with bilateral high-grade renal stenoses or
a severe stenosis of a solitary functioning kidney (e.g., prior
nephrectomy or nonfunctioning contralateral kidney).
Recent studies have pointed out the utility of measur-
ing and following renal size over time with duplex as
an indicator of renal deterioration. The normal size of the
adult kidney, measured as the length from the superior to the
inferior pole, is 10 to 14 cm. Kidney lengths are usually an
average of 3 or 4 measurements to account for slightly oblique
and therefore less accurate views. Renal size of less than 10
cm suggests atrophy and should be investigated with addi-
tional studies (e.g., serum creatinine, creatinine clearance,
MRI/ MRA). Furthermore, a decrement in size of more than 1-
2 cm over a 2-year period indicates significant loss of renal
parenchyma and should also be further evaluated.

Renal resistive index (RRI) measured by duplex has
been advocated by some as an indicator of intrinsic or
perenchymal renal function, independent of large ves-
sel renal disease. As such, RRI has been shown in some stud-
ies to identify patients who may respond favorably to large
vessel revascularization, open or endovascular. The formula for
RRI is as follows: RRI =Peak systolic velocity — End diastolic
velocity / Peak systolic velocity. The normal RRI is 0.6 to 0.7
and an index of >0.8 is highly resistive which suggests signif-
icant intrinsic renal disease often from chronic hypertension
or diabetes. In cases of high resistive indices (i.e., RRI >0.8),
large-vessel reconstruction is unlikely to improve renal func-
tion as the workings of the kidney parenchyma are funda-
mentally lost. Conversely, those with a lower renal-resistive
index have preserved intrinsic renal function that may
improve following treatment of main renal artery occlusive dis-
ease. Although appealing as a noninvasive indicator of those
who may respond to renal angioplasty or open revasculariza-
tion, RRI has not borne out to be useful in all clinical studies.

In a recent study of patients with renovascular disease who
were treated with either medical management or angioplasty
and stenting, stenting was found to provide midterm improve-
ment in blood pressure control. The benefit in blood pressure
control in this particular study was not sustained in the long
term however; renal stenting was found to slow the rate of
decline in renal dysfunction. The results of this study are
indicative of others, namely that there is a real benefit to revas-
cularization for preservation of renal function in a subgroup of
patients with renal artery occlusive disease. Five clinical fac-
tors that should be considered prior to renal revascularization
and are associated with success (e.g., preservation of renal
function) are:
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. Nondiabetic patients

. Bilateral severe stenoses
Renal size >9.5 cm

RRI <0.8

. Serum creatinine <2.5 mg/dl

O oh s

. Surgical correction of aneurysm or occlusive disease of
the aorta may necessitate preservation of a main or accessory
renal artery. Accessory renal arteries <3 mm in size can usually
be ligated without significant loss of renal function, while larger
accessory arteries should be preserved. Maintaining patency of
accessory renal arteries may require reimplantation or bypass
during open aortic surgery or modification of endovascular
techniques to avoid covering the arteries of interest.

D. Other renal artery problems requiring renal artery

reconstruction include renal artery aneurysms or renal artery

trauma, which can result in dissection, aneurysm, or arteri-
ovenous fistula. Renal artery aneurysms >2 cm in largest
diameter should be repaired when discovered, as they are
thought to cause hypertension, distal embolization, and/or
thrombosis. CTA is the study of choice to characterize renal
artery aneurysms and injuries. Rupture of a renal artery
aneurysm is thought to be more likely during pregnancy, so
women of childbearing age with aneurysms should be consid-
ered with a lower threshold for elective repair. Embolism to
the renal artery presents with acute flank pain and often
hematuria. Renal arteriovenous fistulas are difficult surgical
problems, especially when they are in the renal parenchyma
and should be treated with endovascular techniques (e.g., coil
embolization or small covered stent) depending upon location.

Intrarenal arteriovenous fistulas may also be treated with

endovascular coil embolization.

IV. Surgical options. Improvement of blood pressure and

preservation of renal function are the primary goals of any oper-

ation on the renal arteries. Nephrectomy is done only when no
other method of saving a good kidney appears possible and that
kidney appears to be responsible for significant hypertension

(i.e., a pressor kidney). Open renal artery reconstruction

falls into two categories, bypass and endarterectomy. A

variety of autogenous and synthetic graft materials are available

for renal artery bypass procedures, while endarterectomy has

the advantage of not requiring a bypass conduit. Figures 16.1

and 16.2 illustrate preferred methods of renal artery revascular-

ization. Autogenous grafts, such as those of saphenous vein are
preferable to synthetic materials. Factors that generally increase
the risk of operative morbidity and mortality are elevated base-
line creatinine levels (>3 mg/dL), increased age, and associated
cardiac dysfunction. Operative mortality from open renal artery

revascularization is between 3-5%.

A large contemporary series of open renal artery reconstruc-
tion at Wake Forest University showed that a majority of
patients undergo bilateral renal artery repair and nearly half
(41%) have renal reconstruction as part of an open aortic repair
for either aneurysm or occlusive disease. The indication for
treatment in this series was renovascular hypertension and 85%
of patients had hypertension cured or improved with an overall
improvement in renal function in this select group. In a second
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more recent study from Massachusetts General Hospital, which
examined open renal artery reconstruction for preservation of
renal function, the operative approach was as follows: aortorenal
bypass (38%), extra-anatomic bypass (e.g., hepatorenal or
splenorenal bypass) (38%), and endarterectomy (24%). Similar to
the Wake Forest report 32% underwent combined aortic and
renal reconstruction. Long-term preservation of renal function
was noted in 70% of patients with improved results in patients
with lower baseline creatinine levels (<3.2 mg/dL) and those
undergoing bilateral repair.
V. Preoperative preparation. Before renal artery revascular-
ization, blood pressure and renal function must be stabilized as
much as possible.
A. Blood pressure. Most of these patients have significant
hypertension, which increases the risk of myocardial and cere-
brovascular events. As was stressed earlier, solid treatment
and control of hypertension before and after the revascular-
ization is a central tenant of success. One consideration is to
reduce or stop diuretic therapy 24 to 48 hours prior to the
operation so that chronically contracted intravascular volume
can be corrected slowly. Beta-blockers should not be abruptly
stopped since discontinuation may result in tachycardia and
myocardial ischemia.
B. Renal function. About one-third of patients undergoing
renovascular surgery have chronic renal insufficiency (creati-
nine >2 mg/dL) and several factors can cause deterioration in
their creatinine clearance prior to hospitalization and during
preoperative evaluation.
1. Vigorous diuretic therapy can cause intravascular vol-
ume contraction and prerenal azotemia (i.e., elevation of
serum creatinine).
2. ACE inhibitors or ARB therapy disturbs renal
blood flow autoregulation by decreasing efferent
arteriolar resistance, which is needed to provide a
perfusion gradient to the glomerulus. In theory, use of
these medications in those who also have inflow stenosis to
the kidney (e.g., renal artery stenosis) can worsen serum
creatinine. It turns out that only a small percentage of
patients with renovascular disease do not tolerate ACE
inhibitors or ARBs. Starting an ACE inhibitor or an ARB
must be done cautiously in all patients and should
include checks of blood pressure and serum creatinine,
but a minority of patients will not tolerate the therapy.
The solid level of clinical evidence for the benefit of
ACE inhibitors in reducing overall cardiovascular
morbidity and mortality outweighs the limited risk
of renal dysfunction. In those who manifest renal dys-
function with initiation of therapy, the ACE inhibitor
should be stopped and the creatinine will return to baseline
in 7 days.
3. Another frequent cause for an acute rise in serum crea-
tinine is contrast nephropathy related to arteriogra-
phy or CT angiography. The vascular provider must be
mindful when ordering and performing imaging studies.
Fortunately, with hydration and observation, most episodes
of contrast nephropathy will resolve over several weeks.
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Renal revascularization should be delayed until creatinine
levels return to baseline following such an event.
VI. Open operative principles.
A. Incisions. Proper operative exposure is one of the most
important aspects of renal artery surgery. A midline xiphoid-
to-pubic bone incision provides good access to both renal arter-
ies. An upper transverse or subcostal incision may be used but
does not provide good exposure of the distal aorta or iliac sys-
tem. A left splenorenal arterial anastomosis can be con-
structed through a low, left thoracoabdominal incision (bed of
the tenth rib) or a left subcostal incision.
B. Proximal renal lesions. For central lesions, the midline
retroperitoneum is opened over the aorta. On the left side,
the renal vein can be mobilized by ligation and division of the
adrenal, gonadal, and left renolumbar branches of the
left renal vein. On the right side, the vena cava must be mobi-
lized and retracted to expose the proximal right renal artery.
C. Middle or distal lesions. For middle or distal lesions on
the right side, the duodenum must be reflected by a Kocher
maneuver to expose the distal right renal artery. On the left
side, the splenic flexure of the colon can be mobilized in a sim-
ilar fashion.
D. Renal protection. Several steps can be taken to reduce
the effect of transient ischemia and then reperfusion on the
kidney(s).
1. Intravenous hydration with a balanced salt solution
(e.g., Ringer’s lactated solution, 100 to 125 mIL/h) is started
several hours before surgery.
2. Heparin (5,000 units) is given intravenously before
clamping the renal artery.
3. Mannitol (12.5 to 25.0 g) is administered early in the
procedure. If a good diuresis is not achieved with mannitol
then intravenous furosemide may be used.
4. The kidney may also be cooled with 200 to 300 mL of a
renal perfusate if anticipated renal ischemic time is greater
than 45 minutes. We use a combination of 1 L of Ringer’s
lactated solution, 18 g mannitol, 20 mg heparin, and 500
mg methylprednisolone chilled to 3°C in saline slush.
5. Low-dose (2 to 3 pg/kg/min) dopamine causes renal
vasodilatation, which may help minimize vasomotor
nephropathy. We start dopamine intravenously in the oper-
ating room before renal artery clamping and continue it for
at least 12 to 24 hours following the reconstruction.
E. Type of anastomosis. The proximal anastomosis is con-
structed first. Then, the distal anastomosis is made end-to-end
by the spatulation technique. The suture material is usually
6-0 or 7-0 polypropylene. For a particularly difficult anastomo-
sis, the suture line is interrupted. Low-power magnifying loops
and a high-intensity headlight are essential in most renal
artery reconstructions.
F. Intraoperative assessment of graft patency. The sim-
plest method to ascertain blood flow is the examination of the
graft or renal artery with a sterile continuous-wave Doppler.
Biphasic signals should be present. Intraoperative duplex
ultrasound has proven to be a quick and reliable method for
detecting technical problems after renal artery grafting or
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endarterectomy. Significant problems are detected in about

10% of reconstructed arteries and most of these are cor-

rectable and result in outcomes that are similar to those of

patients with normal intraoperative ultrasound studies.

VII. Postoperative care. In the immediate postoperative
period, intravascular volume must be carefully maintained to
ensure adequate urine output. It may require use of a Swan—
Ganz pulmonary artery catheter for a brief period of time to
monitor filling pressures to ensure adequate volume repletion.
Low-dose dopamine is continued for renal vasodilation, and
dobutamine is administered to patients with marginal cardiac
output (<3 L/m?). Generally, we strive to maintain a urine out-
put of 1 mL/kg/h. Some patients have a massive or hyper diure-
sis (>200 mIL/h) and require urinary replacement (0.5 mL of
crystalloid per milliliter of urine) for 12 to 24 hours to avoid vol-
ume depletion. Diuretics are usually not necessary and should
be avoided in the first 24 hours. When a question arises about
the early patency of the reconstruction, we obtain a renal duplex
ultrasound, which can also be obtained prior to discharging the
patient from the hospital. Any subsequent recurrence of hyper-
tension or deterioration of renal function requires a repeat ultra-
sound and/or angiographic study. Percutaneous transluminal
angioplasty may be performed on an anastomotic stenosis in an
attempt to salvage a failing graft. Open reoperation of a stenotic
or thrombosed renal graft can achieve a successful result in only
about 50% of patients.

VIII. Renal balloon angioplasty and stenting is the initial
choice for renal intervention except in cases in which
open aortic surgery is necessary. Because of its minimally
invasive nature and associated low morbidity and mortality the
endovascular approach to renal artery disease has increased.
Physicians who treat hypertension and renal insufficiency must
be informed about this technique and understand which patients
are optimal candidates for intervention. As a vascular spe-
cialist, one should embrace the premise that just because
renal artery stenting can be performed does not mean
that it should be performed.

Typically, endovascular renal artery intervention is accom-
plished through a transfemoral approach using only a 6 French
sheath (Chapter 11). Selection of the renal artery is facilitated
by preshaped guide catheters, such as the renal double curve
(RDC) or the Cobra I or II (CI or CII). Once the renal artery has
been identified, selection of the orifice can be accomplished using
a 0.035-inch hydrophilic wire and 4 or 5 Fr catheter or in some
cases simply a 0.014-inch wire with a distal embolic protection
device (Chapter 11). Renal interventions over a wire with distal
embolic protection have been shown in some small series to
reduce the damaging effects of distal embolization from the ath-
erosclerotic lesion into the kidney parenchyma. Although not
clearly shown as beneficial, intervention with distal embolic pro-
tection represents a technological development that, as is the
case with smaller profile devices and newer generations of
stents, has advanced this therapy. Most atherosclerotic renal
artery lesions are treated with a premounted, balloon expand-
able stent on a 0.014-inch over-the-wire delivery system. IVUS is
also used as an adjunct to evaluate renal stenosis and renal
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artery diameter in some cases. Use of IVUS may in certain
situations minimize use of contrast material by evaluating the
post-stent position and expansion, eliminating the need for com-
pletion arteriography.

Despite advancements in the technical approach to renal
artery occlusive disease, not all renal artery lesions should be
treated. There is a complication rate associated with balloon
angioplasty and stenting (1-2%) and in certain patient popula-
tions a lack of evidence supporting long-term benefit. Given the
increased enthusiasm and financial incentives to treat
renal stenoses, the onus is on the vascular specialist to
ensure that good patient selection occurs and that only
appropriate patients are treated. Additionally, the vascular
specialist will be tasked with performing further clinical study to
better characterize patients who benefit from angioplasty and
stenting versus those better served with maximal medical treat-
ment and risk-factor reduction.
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cHAPTER 17

Mesenteric
Ischemic Syndromes

Intestinal ischemia comprises a small portion of all peripheral
vascular problems. Although aortic atherosclerosis may involve
the origins of the mesenteric arteries, intestinal collateral blood
flow usually is adequate enough to prevent symptomatic, chro-
nic intestinal ischemia. Likewise, arterial emboli can obstruct
mesenteric arteries, but more commonly they flow by the vis-
ceral vessels and lodge in the leg arteries. Consequently, these
anatomic and hemodynamic features make intestinal ischemia
less common than chronic claudication or acute ischemia of the
lower extremities.

For several reasons, acute or chronic intestinal ischemia
remains one of the most challenging problems of peripheral vas-
cular surgery. Diagnosis is frequently entertained based upon
clinical suspicion or a lack of other clear etiology for the patient’s
problems. It is not unusual for someone who has complained of
nonspecific abdominal pain to have had a detailed evaluation of
their gastrointestinal tract, and yet be referred for consideration
of arterial insufficiency very late in their course. Failure to rec-
ognize that a patient has some form of intestinal ischemia is
one of the main reasons for poor results obtained with interven-
tion. Patients often are operated on too late to salvage the
ischemic intestine or, many times, to save the patient’s life. Even
when intestinal ischemia is recognized and treated expedi-
tiously, many patients still succumb because of serious underly-
ing medical problems. The best surgical results have been
achieved in patients with chronic intestinal angina who undergo
intestinal revascularization before severe weight loss or acute
thrombosis occurs.

In this chapter, we emphasize early recognition of intestinal
ischemia. Delay in diagnosis represents one of the primary
failings in the care of these patients. Also, we highlight fea-
tures of treatment and some of the decision making needed in
the proper care of these patients.

MESENTERIC ARTERY ANATOMY

Certain anatomic features of the mesenteric circulation deter-
mine symptoms and influence management of intestinal
ischemia (Fig. 17.1). The celiac axis supplies the foregut, the
superior mesenteric artery (SMA) the midgut, and the inferior
mesenteric artery (IMA) the hindgut. Although the three major
mesenteric arteries supply specific territories, they normally
intercommunicate by excellent collateral channels. These collat-
erals enlarge when a proximal mesenteric artery is stenotic or
occluded. The primary collateral pathways between the celiac
and superior mesenteric arteries are via the gastroduodenal
artery to the pancreaticoduodenal arcade that connects with
the superior mesenteric artery. The inferior mesenteric artery
has two main sources of collateral flow when it is obstructed

282



Chapter 17. Mesenteric Ischemic Syndromes 283

Marginal artery of Drummond

oy
=M Supenot:
mesenteric
artery

b

Wl

Inferior

== .
Py mesenteric
artery

]

/

Internal iliac artery © /.
Middle rectal artery — Y
Sigmoidal

Inferior rectal artery branches

Figure 17.1. Anatomy of the colonic arterial supply. When the
inferior mesenteric artery is diseased or occluded by atheros-
clerosis, viability of the left colon may depend on collateral flow
from the superior mesenteric artery via the marginal artery of
Drummond.

(Fig. 17.2). The middle colic branch of the superior mesenteric
artery connects around the transverse colon to the marginal
artery of Drummond, a continuation of the left colic branch of
the inferior mesenteric artery. In some instances a more direct
connection in the left mesocolon develops more centrally from
the marginal artery. This is known as the Arc of Riolan, or mean-
dering mesenteric artery (Fig. 17.3). The inferior mesenteric
artery also receives collateral flow via the middle hemorrhoidal
artery, a branch of the internal iliac artery. These abundant col-
lateral channels for mesenteric circulation explain the clinical
observation that intestinal angina usually does not occur
until at least two of the three main mesenteric arteries
have severe occlusive disease.

CLINICAL PRESENTATION

Intestinal ischemia is classified as either chronic or acute.
However, the presentations may overlap, since chronic intesti-
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Figure 17.2. Critical arterial inflow points for the left colon. If
occlusive disease or operative reconstruction obliterates flow
through both internal iliac arteries and the inferior mesenteric
artery, the colon may become severely ischemic. Colonic ischemia
is more than likely in this situation if the superior mesenteric-
inferior mesenteric-collateral connections are not developed or
injured at Griffiths’ point.

nal stenosis can progress to acute thrombosis and intestinal
infarction.

I. Chronic mesenteric ischemia (CMI) often eludes early
diagnosis because the chronic abdominal pain is attributed to
some other GI disorder. Frequently, the patient has undergone a
negative diagnostic evaluation of the gallbladder, liver, and
entire GI tract with CT, contrast swallows and enemas, and
upper and lower endoscopies. Because of progressive weight loss,
some patients are mistakenly thought to have cancer. Certain
clinical features, however, should raise suspicion of chronic intes-
tinal ischemia. Characteristic symptoms are abdominal pain and
significant weight loss.
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Meandering mesentenic

Figure 17.3. Direct connection in the mesocolon between SMA
and IMA separate from the marginal artery of Drummond. When
developed for purposes of collateral flow this is known as the Arc
of Riolan or the meandering mesenteric artery. SMA, superior
mesenteric artery; IMA, inferior mesenteric artery.

A. Classically, the chronic abdominal pain is intermit-
tent and postprandial. It usually is localized to the epigas-
trium and has a dull ache, crampy, or colicky quality that
begins 30 to 60 minutes after eating and may persist for a few
hours. Patients may have associated abdominal bloating or
diarrhea.

B. Involuntary weight loss eventually occurs because the
patient associates eating with pain. Consequently, a “food fear”
develops. While actually avoiding food altogether is rare, oral
intake often is modified until liquids become the primary
nutrient.

C. Physical findings of chronic intestinal ischemia are limited
primarily to weight loss and an abdominal bruit, which is
present in over half of individuals. Since the weight loss usu-
ally is insidious over several months and many patients with
atherosclerosis have abdominal bruits, the significance of
these nonspecific findings often is overlooked when the
patient initially presents.

D. Chronic intestinal ischemia should be suspected in any
adult who has chronic abdominal pain, progressive weight
loss, other signs of generalized cardiovascular disease, and a
negative workup for more common GI disorders. Some 70% of
patients with CMI have been diagnosed with peripheral vas-
cular disease in other territories. They are usually younger
than standard aneurysmal or occlusive disease patients (mid-
sixties), are smokers, and over half are women. These features
collectively should lead to the following simple questions of
patients suspected of having peripheral vascular disease: (1)
Do you have abdominal pain after meals? (2) Have you expe-
rienced significant weight loss in the past one or two months?
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II. Acute mesenteric ischemia (AMI) has three main etiolo-
gies: thrombosis of an arterial stenosis, embolism, and nonocclu-
sive small-vessel insufficiency. Very rarely, venous mesen-
teric thrombosis may occur. Although the initial symptom for all
these etiologies is abdominal pain, the clinical setting often sug-
gests the most likely underlying cause. The frequency of each
etiology may vary among medical centers, but generally acute
intestinal ischemia is caused by thrombosis in 40% of cases,
embolism in another 40%, and intestinal hypoperfusion in 20%
of cases.
A. Severe generalized abdominal pain that is dispropor-
tionate to the physical findings remains the classic presenta-
tion of acute intestinal ischemia. Nausea, vomiting, or
diarrhea may follow shortly after the onset of symptoms and
are very common. Although the abdomen may have diffuse
tenderness, bowel sounds may be heard and peritoneal signs
usually are absent. The only early laboratory abnormality may
be a mildly elevated white blood cell count. With these find-
ings the clinician must entertain the possibility of AMI and
undertake steps to alleviate it. Aggressive radiologic and sur-
gical intervention at this point can salvage the ischemic intes-
tine in about 50% of such patients.

Significant leukocytosis and acidosis with elevated serum

lactic acid are late findings and herald a more protracted
ischemic course. If intestinal ischemia remains unrecognized,
physical findings will change as intestinal necrosis develops.
Bloody diarrhea may occur, although often it is not present.
Hypovolemia becomes evident as fluids are sequestered in the
ischemic intestinal wall and surrounding tissues. Fever, peri-
toneal signs, and shock occur as sepsis becomes established.
When intestinal ischemia has advanced to this point, the like-
lihood of salvaging the ischemic intestine of the critically ill
patient is less than 15% to 20%.
B. The clinical setting and the patient’s past medical
history usually suggest the probable etiology of acute mesen-
teric ischemia. If chronic intestinal angina preceded acute
symptoms, thrombosis of a mesenteric artery stenosis is the
most likely etiology. Emboli should be suspected when atrial
fibrillation is present or if the patient has had previous
cerebral or lower-extremity thromboembolism. Nonocclu-
sive mesenteric ischemia (NOMI) occurs in the setting of low
cardiac output. The most common predisposing conditions for
nonocclusive, mesenteric ischemia are myocardial infarc-
tion, congestive heart failure, renal or hepatic disease,
hemodialysis, certain drugs, classically digitalis and diuretics,
or any major operation that leads to hypovolemia or hypoten-
sion in a patient with atherosclerosis. This type of nonocclu-
sive, acute mesenteric ischemia is being recognized more
commonly.

DIAGNOSTIC TESTS

When acute or chronic intestinal ischemia is suspected, the most
reliable diagnostic method is arteriography. This remains the
gold standard. Early angiographic diagnosis is the most
important principle of successful management of acute
intestinal ischemia. An arteriogram with lateral views of the
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aorta to show the mesenteric artery origins is the definitive
method. The angiographic catheter also has become an impor-
tant route for delivering vasodilating drugs and thrombolytic
agents to the mesenteric circulation by selective mesenteric
artery catheterization. Today, arteriography may also facilitate
percutaneous treatment by angioplasty and stenting.

The evaluation of possible chronic mesenteric ischemia
usually includes other diagnostic tests before angiography is
done—commonly endoscopy or barium studies of the upper and
lower GI tract. Abdominal ultrasound and CT scanning may also
reveal hepatobiliary disease or occult tumors such as cancer of
the pancreas or lymphoma of the retroperitoneum. With newer
multichannel, multislice, CT, this may also serve as a screening
tool for significant visceral segment atherosclerosis and visceral
arterial stenosis. The same can be said of contrast-enhanced
MRA, however, this technology tends to overcall the degree of
narrowing.

Duplex scanning is a very accurate and helpful noninvasive
method of interrogating mesenteric blood flow patterns. It allows
for noninvasive determination of stenoses and changes in flow
before and after a test meal. Similar to other arteries, velocity
and waveform parameters are used to discriminate between
normal subjects and those with visceral artery stenosis. General
findings on fasting examination suggesting =70% stenosis
include: Celiac PSV >200cm/s, EDV >55 cm/s, reversed
hepatic/splenic arterial flow; SMA PSV >275cm/s, EDV
>45 cm/s. While the absolute criteria may vary between vascu-
lar laboratories and the usefulness and sensitivity of postpran-
dial testing is controversial, there is no doubt this examination,
performed by experienced technicians, is an invaluable tool. The
extent of diagnostic workup for patients presenting with chronic
abdominal pain obviously must be individualized, yet recent
advances in CTA, MRA, and duplex scanning has provided a rel-
atively quick, easy, and effective way to discriminate those who
should have arteriography.

MANAGEMENT

Treatment for mesenteric ischemia also can be organized into
the two broad categories of chronic and acute ischemia.
I. Chronic mesenteric ischemia can be relieved only by cor-
rection of the occlusive lesions. There is no effective medical
therapy. Surgical correction has been the most common tech-
nique, although balloon angioplasty and stenting has also been
successful.
A. One aspect of perioperative care, nutritional repletion,
deserves special emphasis. Since chronic mesenteric ischemia
leads to progressive weight loss, some patients are chronically
malnourished and have no nutritional reserves for a major
abdominal operation. In general, one should not delay mesen-
teric artery surgery for prolonged nutritional repletion but
proceed expeditiously to intestinal revascularization before
the patient with progressive chronic ischemia suffers an acute
catastrophic bowel infarction. We strongly recommend that
such catabolic patients receive parenteral nutrition before and
after elective surgery. It is not uncommon for these patients to
have atrophied bowel mucosa due to the chronic ischemia.
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Even after revascularization, adaptation may take several
days to weeks. Nausea, vomiting, and colicky pain may be pre-
cipitated by full early feeding. Parenteral nutrition with early,
slow enteral feedings are essential. Enteral feeding may most
easily be accomplished postoperatively with naso-enteric
tubes as the patient recuperates. Trophic level feeds should be
instituted at 10-20 cc/hour with a very slow advancement to a
full nutritional goal.

B. There are two basic surgical options for mesenteric
revascularization: bypass grafting or endarterectomy. Over
the years, different authors have preferred one technique over
the other. Either supraceliac (antegrade) or infrarenal (retro-
grade) aortomesenteric bypass grafting is the procedure of
choice for most patients (Fig. 17.4). The direct retrograde
configuration has been hindered with the problem of graft
kinking and, therefore, a lazier c-loop graft of reinforced pros-
thetic should be used. The optimum method of mesenteric
revascularization, however, highly depends on the number of
vessels occluded and the condition of the abdominal aorta in
each patient. Indeed, the optimal number of vessels to be
revascularized is controversial. Some centers espouse single
vessel (SMA) and others multiple vessel (usually SMA and
celiac) reconstruction. Transaortic endarterectomy has also
been successful for multiple, focal visceral occlusive lesions
at the origins of the mesenteric arteries. Tailoring orificial
endarterectomy of the celiac axis, with a smaller prosthetic
graft acting as a celiac patch that is distally anastomosed
to the SMA, has the benefit of a smaller graft profile and min-
imal supraceliac aortic manipulation or sewing. Combined
infrarenal aortic replacement with retrograde prosthetic
bypasses to mesenteric arteries appears to be the technique of
choice when either severe aortic occlusive or aneurysmal dis-
ease coexists with chronic mesenteric ischemia. However, com-
bining mesenteric revascularization and aortic replacement
carries a high mortality rate (10% to 20%) in these cachectic
patients. In contrast, limiting the operation to some type of
aortomesenteric grafting or endarterectomy alone minimizes
mortality (3% to 10%).

Regardless of which method of revascularization is selected,
early relief of intestinal angina is achieved in over 90% of
patients. Graft patencies reveal primary rates of 60-80% with
primary-assisted 5-year patencies of over 90%. Symptom
recurrence occurs in roughly 10-20% over the 3 to 5 years fol-
lowing operation. Late survival in this patient subgroup bur-
dened with atherosclerosis is 60-75% at 5 years. In general, we
believe the best long-term results have been obtained by
revascularization of at least two occluded or stenotic vessels.
Yet others believe this to come at a cost of extra morbidity and
mortality owing to the more significant dissection, fluid loss,
and operative time. Since revascularization of a single mesen-
teric occlusion often offers relief to most patients, complete
revascularization must be weighed against the patient’s over-
all condition, prognosis, and other technical factors.

Chronic or acute intestinal ischemia also may be the result
of sacrificing the IMA at the time of infrarenal aortic grafting.



Chapter 17. Mesenteric Ischemic Syndromes 289

(B)

Figure 17.4. (A) Antegrade two-vessel aortomesenteric bypass.
(B) Retrograde c-loop reinforced ePTFE single-vessel aortomesen-
teric bypass.
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Revascularization of the IMA should be performed when
the SMA is occluded and a large (>3.5 to 4.0 mm) IMA is pres-
ent. Also, if the IMA shows poor back bleeding at the time of
aortic reconstruction, or an IMA pressure is transduced at
<40 mm Hg, strong consideration should be given to IMA
reimplantation.
Another less common form of CMI is median arcuate
ligament syndrome, whereby this structure compresses
and creates a functional stenosis of the celiac axis. Over time
this can injure the artery, leading to an accompanying
atherosclerotic lesion. Some extrinsic compression of the celiac
axis by the median arcuate ligament is common, particularly
in women, but most experts question its functional impor-
tance. Certainly, a celiac stenosis may be critical when occlu-
sive disease of the superior mesenteric and inferior mesenteric
arteries is present also. Division of the median arcuate
ligament with either patch angioplasty of the celiac stenosis
or an interposition graft may alleviate symptoms. Another
interesting circumstance in which a single stenosis may
lead to CMI symptoms is when either a celiac or SMA steno-
sis occurs after pancreatic resection or complex hepato-
biliary surgery in which the pancreaticoduodenal arcade is
disrupted.
Recent interest in endovascular therapies has provided less
invasive alternatives for the treatment of CMI. Over the last
decade, percutaneous angioplasty and stenting have been
employed in the mesenteric vessels with varying success. Typ-
ically these are found in small, institutional experiences, as
this disease process is rare. Several surrounding caveats can
currently be addressed. As opposed to other arterial beds, the
benefit of reduced morbidity and mortality with endovascular
means does not seem to be as pronounced. Although early
improvement of CMI symptoms appears equivalent to that
of open operation when using percutaneous methods, there
are suggestions that midterm symptomatic recurrence and
recurrent stenoses are more common with this less invasive
option. At this point it is practical to consider endovascular
therapy as a potential alternative, particularly in those with
comorbidities affecting their open surgical candidacy. Also,
some have championed its use in those with mesenteric
stenoses and symptoms of unclear etiology almost as a diag-
nostic procedure.
II. Successful management of acute mesetneric ischemia
(AMI) usually begins with arteriography to define the mesen-
teric anatomy. CTA has become so refined, however, that these
issues are frequently identified on CTA and the absolute need
for arteriography has been lessened (Fig. 17.5) Optimal therapy
for acute mesenteric ischemia cannot be determined unless
the clinician knows whether the problem is thrombotic, embolic,
or hypoperfusion-related. This may sometimes be confusing
and the answer may not be apparent until during therapy or
afterward.

A. Thrombosis usually is apparent on imaging by obstruc-

tion of the superior mesenteric artery at its origin from the

aorta. This is usually the most clinically relevant artery in-
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Figure 17.5. Computed tomography arteriography image revealing
superior mesenteric artery (SMA) embolus beyond the first several
branches. This is seen as contrast attenuation compared to the aorta
and more proximal SMA.

volved by thrombosis. Systemic heparin is indicated to prevent
clot propagation. Broad-spectrum antibiotics covering intes-
tinal flora are administered. It is common for these patients to
have a history of symptoms consistent with CMI suggesting
mesenteric stenoses.

Emergency abdominal exploration should be undertaken to
assess bowel viability and to revascularize the obstructed
artery. Resection of nonviable intestine without revasculariza-
tion of the remaining small bowel is associated with a high
incidence of further intestinal infarction and death. Generally
the bowel should be revascularized before intestinal resection.
This allows for interrogation of the bowel with known perfu-
sion in order to assess viability. An exception to this rule is
resection before revascularization when a segment of intestine
is grossly gangrenous or perforated and the abdomen is con-
sidered contaminated. Thrombosis of the SMA should be sus-
pected with significant palpable atherosclerotic burden at its
origin and no continuous-wave Doppler signal. A single aor-
tomesenteric bypass is sufficient in these seriously ill patients.
The simplest procedure is usually a retrograde infrarenal aor-
tomesenteric or an ileo-mesenteric bypass to the SMA. When
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bowel contamination is present, a vein graft is preferable to a
synthetic material.

Clinical judgment of intestinal viability may be enhanced by

fluorescein examination of the GI tract. The test is performed
by injection of 2 ampules (1,000 mg) of sodium fluorescein
through a peripheral vein and immediate examination of the
bowel under an ultraviolet Wood’s light in a darkened operat-
ing room. A viable bowel has a smooth or uniform fluorescence.
Nonviable bowel has decreased, patchy, or no fluorescence. A
continuous-wave Doppler can be used to interrogate the
mesentery and antimesenteric border of the bowel. Peristalsis
usually suggests viability. When it appears that the bowel may
survive, it may be left alone and a second-look operation per-
formed within 24 hours to reassess the intestinal viability. Not
infrequently, the patient’s physiologic status is best served by
revascularization, bowel resection, discontinuity with open
abdomen, ICU resuscitation, and a second-look operation and
restoration of intestinal continuity. Second-look operations
should be routine if any bowel had questionable viabil-
ity at the initial operation.
B. Emboli usually lodge a few centimeters beyond the origin
of the SMA at the level of the first jejunal branches sparing the
proximal jejunum (Fig 17.6A). Emboli are usually cardiogenic
in nature. The SMA is the mesenteric artery in which emboli
are most likely to lodge, due to its acute take-off from the aorta.
Operative differentiation suggesting embolism over thrombosis
can be suggested by new onset of cardiac arrhythmia, ischemic
sparing of the proximal jejunum, and a soft SMA origin and
surrounding aorta (Fig. 17.6B). Standard therapy remains sim-
ilar to the management of thrombosis, except embolectomy is
performed by a mesenteric artery arteriotomy and Fogarty
catheter. Some prefer a transverse arteriotomy. The weight of
the edematous bowel, however, may lead to tearing of the arte-
riotomy. We prefer a longitudinal arteriotomy with patch angio-
plasty closure. Should inflow be poor and inadequately
established with embolectomy due to arterial stenosis, bypass
is now readily done. Again, vein grafts should be used if there
is significant contamination of the abdomen. Milking back the
thrombus of the SMA branches, branch embolectomy and on-
table direct thrombolytic therapy and heparin are all options to
reduce thrombus burden and improve flow after SMA main
trunk embolectomy. Emphasis should be made on temporizing
damage control surgery with abdominal vacuum packing,
resuscitation and second-look operation.

Still, by adhering to the above-mentioned principles,
between 10% and 15% of those with AMI will have midgut
infarction at exploration and only comfort measures will have
to be instituted. Of those in whom operative measures and sal-
vage are pursued, approximately half will require bowel resec-
tion at initial operation and the other half subsequent bowel
resection at second look. Some may require more review oper-
ations until bowel viability is finalized.

The role of endovascular therapy, such as catheter-directed
SMA thrombolytic therapy possibly with angioplasty and
stenting is described but not well defined. However, follow-up
abdominal exploration is still advised if this is done, even if
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Figure 17.6. (A) Commonly occurring locations of thrombosis and
embolism in the superior mesenteric artery (SMA). (B) Note the
spared proximal jejunum in-gut ischemia due to acute embolization,
as opposed to that with involved proximal jejunum due to acute
thrombosis of SMA stenosis.

the patient appears physiologically sound. Future clinically
evident bowel infarction is morbid, but can be avoided.

C. Nonocclusive mesenteric ischemia (NOMI) generally
is seen in critically ill patients who have low cardiac output.
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They often are poor risks for any surgery and many times
are so labile that transport to the angiographic suite or oper-
ating room is a major undertaking in itself. Their arteriograms
show peripheral mesenteric vasoconstrictions and a “chain of
sausages” appearance, but with no large-vessel occlusions.
Noninvasive ischemic colitis appears to be mediated primarily
by a remarkable sensitivity of the colonic vasculature to the
renin—angiotensin axis.

The best results with this group of patients have been

achieved by measures to improve cardiovascular hemo-
dynamics and to vasodilate the mesenteric vasculature. The
recommended splanchnic vasodilator therapy is papaverine.
Catheter-directed papaverine at 30-60 mg/hour can be accom-
plished percutaneously, in an attempt to incite this vasodila-
tion. The catheter is placed in the SMA. In general, when
peritonitis develops, abdominal exploration is necessary,
but very poor outcomes are expected. If a vasopressor is
needed to increase blood pressure, dopamine would be the
drug of choice, since it reduces renal and mesenteric vascular
resistance.
D. Mesenteric venous thrombosis is an extremely rare
entity. It may be incited by hypercoaguable states, low mesen-
teric flow states such as congestive heart failure, cirrhosis, or
Budd-Chiari syndrome. Intra-abdominal inflammatory condi-
tions such as diverticulitis may also predispose the patient to
this condition. Smoking and prior venous thromboses also
appear to place patients at a higher risk. Seventy percent of
these thromboses involve the superior mesenteric vein
proper with one-third in the splenic vein and one-third
with thrombus burden in the portal vein. CT venograhy
and mesenteric venography are used for diagnostic purposes.
Duplex may help. Generally, full anticoagulation is instituted.
Abdominal exploration is indicated for peritonitis. There are
poorly defined roles for open thromboembolectomy and on-
table direct thrombolysis. Similar results have been obtained
with surgery and anticoagulation alone.
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cHAPTER 18

Upper-Extremity
Vascular Disorders

In the spectrum of vascular diseases, upper-extremity arterial
problems, including vasospastic disorders, are relatively uncom-
mon. When pain, numbness, coolness, or ulcers involve the fin-
gers or hand, patients generally seek early medical attention.
Such symptoms restrict many normal activities and quickly
raise the patient’s fear of permanent loss of hand function.

The underlying causes of arm ischemia and vasospastic disor-
ders are diverse. For simplicity, they may be organized into the
broad groups of emboli, atherosclerotic or aneurysmal occlusions,
trauma, and small-vessel arterial occlusive disease. In the initial
evaluation the clinician must determine which group the patient
fits into and then diagnostic tests can be selected to define the
specific underlying etiology. This chapter emphasizes principles
of management after a clinical diagnosis has been established.

COMMON CLINICAL PRESENTATIONS

Although there are multiple etiologies for upper-extremity arte-
rial ischemia, including vasospastic disorders, the clinical pre-
sentations are relatively few.

I. Raynaud’s phenomenon is a description of a clinical pres-
entation or syndrome that suggests vasospasm. The underlying
causes are numerous (Table 18.1). Certain clinical features help
differentiate Raynaud’s phenomenon from other vasospastic dis-
orders, such as acrocyanosis and livedo reticularis (Table 18.2).

Table 18.1. Etiologies of Raynaud’s phenomenon

Systemic diseases or conditions

Collagen vascular diseases (e.g., scleroderma)
Cold hemagglutination or cryoglobulinemia
Myxedema

Ergotism

Macroglobulinemia

Nerve compressions
Carpal tunnel syndrome
Thoracic outlet syndrome

Occupational trauma
Pneumatic hammer operation
Chain saw operation

Piano playing

Typing

Arterial occlusive disease

296
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Table 18.2. Differentiation of vasospastic disorders
Raynaud’s Livedo
Characteristics =~ phenomenon Acrocyanosis reticularis
Sex Primarily women Primarily Men or
(70-80%) women (90%) women
Age Young adults Young adults Any age
(15-35 years) (15-35 years)
Color change  Pallor, cyanosis, Diffuse cyanosis Mottled
rubor cyanosis
or rubor
Location Fingers, toes, Usually hands, Usually legs,
sometimes face sometimes sometimes
feet arms
Duration Intermittent Continuous Continuous
Effect of cold  Increased Increased symp- Increased
exposure symptoms toms symptoms
Skin Occurs when col- None Rare
ulceration lagen vascular

disease (e.g.,
scleroderma)
is present

A. Raynaud’s phenomenon defines an episodic vasocon-
striction of the small arteries and arterioles of the extre-
mities. The episodes generally are initiated by cold exposure or
emotional stimuli. The symptoms of acrocyanosis and livedo
reticularis are constant, although they may increase with expo-
sure to cold.

B. The phenomenon usually follows a predictable
sequence of color changes in the digits and/ or hand:
pallor (i.e., white), followed by cyanosis (i.e., blue), and
then rubor (i.e., red). The pallor occurs when skin perfusion
is minimal due to intense vasoconstriction of small arterioles
in the hand and digits. As cutaneous flow resumes, it is
sluggish, beginning with poorly saturated blood leading to the
bluish color of cyanosis. Finally, when cutaneous flow resumes,
a hyperemic or reperfusion phase occurs causing the skin to
be warm and ruborous. Attacks usually are accompanied by
numb discomfort of the fingers although pain generally is not
severe unless ulcerations are present. In contrast, acro-
cyanosis occurs mainly in women and is characterized by con-
tinuous bluish discoloration of the hands and occasionally of
the lower extremities. Livedo reticularis also is a continuous
vasospastic condition consisting of a mottled or reticulated
reddish-blue discoloration of the lower extremities and occa-
sionally of the hands.

C. Raynaud’s phenomenon is localized to the fingers,
toes, and occasionally nose and ears. Attacks are limited most
commonly to the upper extremities and rarely involve only
the toes.
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D. The chance of ulceration or gangrene of the tips of the dig-

its depends on the underlying etiology.
1. Raynaud’s disease is the term applied to Raynaud’s
phenomenon that has no clear association with any sys-
temic disease. It rarely results in tissue necrosis and usu-
ally occurs in young females (70% of cases). It has been
suggested that, before the diagnosis of primary Raynaud’s
disease is made, the following criteria should be met:

1. Bilateral, symmetric Raynaud’s phenomenon is present

2. There is no evidence of large vessel arterial occlusive
disease

3. There is an absence of gangrene or significant trophic
changes

4. Symptoms should be present for a long period, usually 2

years, without evidence of any other systemic disease

associated with Raynaud’s phenomenon.

2. Raynaud’s phenomenon is the term applied when a
local or systemic disease appears to be the precipitating fac-
tor for this complex of symptoms. In rare cases Raynaud’s
phenomenon can also occur in relation to large vessel arte-
rial occlusive lesions in the upper extremity. Gangrene or
ulceration of digits is more common in these patients, espe-
cially when they have scleroderma, which is the most com-
mon collagen vascular disease associated with Raynaud’s
phenomenon. Raynaud’s phenomenon is the initial symp-
tom in 30% of cases and eventually affects 80% of patients
with scleroderma. The other common rheumatic diseases
associated with Raynaud’s phenomenon include mixed col-
lagen vascular disease (80%), systemic lupus erythemato-
sus (30%), dermatomyositis/polymyositis (20%), and
rheumatoid arthritis (10%). It must be remembered that
Raynaud’s phenomenon may exist for years before some
underlying systemic collagen vascular, immunologic dis-
ease, or large vessel occlusive disease is diagnosed.
3. Acrocyanosis is not associated with skin ulceration.
Livedo reticularis may occur with ulcerations, generally
when some systemic disease (e.g., periarteritis nodosa) is
present or atherosclerotic microembolism is evident.
II. Tissue necrosis includes gangrene and poorly healing ulcer-
ations of the digits. It is not uncommon for patients to dismiss
small ulcers caused by microemboli as inconsequential bruises or
sores of the finger, not recognizing their more serious etiology. If
Raynaud’s phenomenon precedes the onset of tissue necrosis,
other symptoms and signs of underlying systemic disease should
be sought. In the absence of Raynaud’s phenomenon, evidence of
large-vessel occlusive disease, emboli, or small-vessel arterial
occlusive disease associated with occupational trauma must be
sought.
A. Large-vessel occlusive disease of the arm usually is
localized to the subclavian or axillary arteries and is commonly
caused by atherosclerosis, often at the origin of the left subcla-
vian. A less common etiology of proximal upper-extremity arte-
rial occlusion is thrombosis of an axillary artery aneurysm
caused by years of crutch use. Chronic subclavian artery
trauma related to thoracic outlet syndrome also may eventu-
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ally lead to vessel damage with stenosis, embolization, or occlu-
sion. Extensive acute deep venous thrombosis of the arm (i.e.,
axillo-subclavian or effort thrombosis) can cause severe venous
hypertension or venous gangrene, which may be initially mis-
taken for arterial ischemia. Finally, postmastectomy irradia-
tion of the axillary area can result in radiation-induced
axillary-subclavian arterial stenosis years after radiation
treatment.
B. Emboli to the digits may originate from the heart or the
subclavian, axillary, or brachial arteries. Additionally, radial or
ulnar artery trauma usually from indwelling arterial lines can
lead to embolization into the digital arteries. In cases of sig-
nificant arm ischemia caused by arterial emboli the heart is
the origin about 50% of the time, while abnormalities in the
arterial network of the arm (i.e., subclavian, axillary, and
brachial arteries) are responsible for the other half of cases.
The proximal upper-extremity arteries may develop athero-
sclerotic ulcerative plaques or aneurysms that result in
embolization. Poststenotic subclavian aneurysms associated
with thoracic outlet compression or axillary aneurysms caused
by chronic crutch use also may cause embolism to the hand.
C. Small-vessel arterial disease associated with occupa-
tional hand trauma may cause significant hand and/or digit
ischemia. Occupations involving repetitive vibration or trauma
to the fingers or palmar surface of the hand predispose some
individuals to spasm, thrombosis, or aneurysms of the ulnar,
radial, or digital arteries. The ulnar artery is especially sus-
ceptible to local trauma over the hypothenar eminence, where
it is fairly superficial and easily compressed against the under-
lying pisiform and hamate bones. The term hypothenar
hammer syndrome has been applied to this form of
posttraumatic digital ischemia. Activities that may lead to
hand ischemia are operation of the pneumatic hammer, lathe,
or chain saw. In industry, the term vibration-induced white
finger has been applied to posttraumatic digital ischemia.
III. Arm claudication is an unusual presentation of arm
ischemia. In general, exertional arm fatigue is more commonly
caused by neurologic compression at the cervical spine or tho-
racic outlet. Because of excellent collateral blood flow around the
shoulder, subclavian occlusive disease often is asymptomatic or
only mildly symptomatic (Fig. 18.1). However, active adults,
especially manual laborers, may experience arm claudication
from subclavian or brachial artery stenosis.

DIAGNOSTIC TESTS

Patient history and physical examination provide most of the
information necessary to diagnose the general type of upper-
extremity arterial disease. The following tests may be performed
to confirm the clinical impression, to identify underlying etiolo-
gies, and to monitor therapy.

I. Doppler velocity flow detection. The continuous-wave
Doppler is a simple means for assessing arm perfusion when
pulses are not palpable. The axillary, brachial, radial, ulnar, pal-
mar, and digital arteries can easily be checked for the presence
and quality of Doppler signal. Biphasic or triphasic arterial sig-
nals are normal, while monophasic or dampened signals suggest
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Figure 18.1. Arterial anatomy of the upper extremity. The collateral
circulation of the arm is well developed, and, consequently, proximal
large-vessel occlusion seldom results in distal extremity necrosis
and amputation.

significant arterial obstruction. Upper-arm and forearm blood
pressures can be measured with a routine blood pressure cuff
and the Doppler unit, and in cases of suspected claudication arm
pressures should be obtained at rest and after 2 to 5 minutes of
exercise.

II. Digital plethysmography or laser Doppler flow patterns
may provide more detail in the evaluation of digital ischemia
and vasospastic disorders. Flat or diminished (<5 mm) pulse vol-
ume recordings (PVRs) confirm severe digital flow reduction and
are predictive of poor healing in the presence of ulceration. PVRs
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using digital cuffs and/or laser Doppler flow measurements can
be repeated to assess for changes in digital blood flow after ini-
tiation of treatment, either operative or nonoperative.

III. Duplex ultrasonography provides excellent visualization
of most upper-extremity arterial segments. The main limitations
are the proximal subclavian arteries, especially on the left,
which is covered by the bulky clavicle. As with other arterial seg-
ments, duplex provides both a B-mode image of the vessel in
question as well as an assessment of blood flow (i.e., velocity)
through the segment.

IV. Arteriography. Arteriography is helpful in defining the
severity and extent of large vessel occlusive disease of the upper
extremity although it is not indicated in all such cases. Specifi-
cally, arteriography defines the location of the occlusive disease
and provides information regarding the runoff to the forearm
and hand. Arteriography is not necessary to diagnose vasospas-
tic disorders but may be useful to rule out large-vessel occlusive
disease when Raynaud’s phenomenon is complicated by finger
ulcers. When performed, arteriography must show the entire
upper-extremity vasculature from its origin (i.e., innominate on
the right and subclavian on the left) to the digital arteries. Fail-
ure to obtain complete upper-extremity arteriography is a com-
mon reason for a missed diagnosis such as digital occlusions due
to an ulcerated atheroma in the proximal subclavian artery.

V. Digital temperature recovery time following emersion
of the hands in a cold ice-water bath (i.e., cold immersion
test) can help establish the diagnosis of Raynaud’s phe-
nomenon. The physiologic principle behind the test is simple, as
is the technique. Digital cutaneous blood flow is linearly related
to digital skin temperature over a wide range. Normally, digital
skin temperature recovers to normal within 10 to 15 minutes
after cold exposure. In contrast, digital skin temperature in
patients with Raynaud’s phenomenon does not recover for at
least 20 to 25 minutes after cold stimulus. The accuracy of the
test is improved when the following guidelines are followed for
measuring the digital temperature recovery time:

1. The patient should sit in a warm (24°C + 2°C), quiet room for
at least 30 minutes before the test.

2. Baseline digital pulp temperatures are taken with a thermis-
tor probe

3. The hand is immersed in an ice-water mixture for 20 seconds,
removed, and dried

4. Digital temperatures are checked every 5 minutes for 30 to
45 minutes

5. A temperature-time graph can be constructed to show the
digital temperature versus recovery time

6. Controls for a particular laboratory should be established for

comparison.

VI. Systemic disease workup. Since systemic diseases so
often underlie vasospastic disorders and upper-extremity
ischemia, a number of screening laboratory tests should be con-
sidered. A platelet count should be done, since thrombocytosis
can mimic Raynaud’s phenomenon. An elevated sedimentation
rate should raise suspicion of a systemic illness. Since serum
protein abnormalities may be associated with vasospasm, a



302 Section V. Disease-Specific Care

serum protein electrophoresis should be performed and cryo-
globulins, macroglobulins, and cold agglutinins should be
checked. Basic immunologic tests should include antinuclear
antibody, rheumatoid factor, and lupus erythematosus tests. If
scleroderma is suspected, a skin biopsy in an affected area may
confirm the diagnosis or a barium esophagogram may reveal
characteristic esophageal dysfunctions.

MANAGEMENT

In our experience, these guidelines have provided the best assur-
ance of relieving upper-extremity ischemia, including vasospas-
tic disorders. Where there are areas of controversy, we offer
several different points of view.
I. Vasospastic disorders.
A. Raynaud’s disease or primary Raynaud’s usually can
be satisfactorily managed by nonoperative methods. Tissue
necrosis rarely is a problem; consequently, the patient needs
assurance that loss of fingers or their function is not likely to
occur if the following guidelines are observed.
1. Avoidance of any tobacco use and protection from
cold exposure are the fundamentals of initial treatment.
Tobacco leads to vasoconstriction, a fact that can be docu-
mented by comparing baseline digital PVRs to tracings
taken immediately after the patient smokes several ciga-
rettes. The basics of protection from cold exposure include
warm gloves and footwear during cold weather and gloves
when working with refrigeration. Maintaining core body
temperature by wearing warm clothing over the trunk also
helps. For many patients, these simple measures are
enough to prevent symptoms from occurring.
2. When vasospasm is not satisfactorily relieved by these
simple measures, medical options are available andusu-
ally provide some benefit. The best results are obtained with
calcium channel blockers such as nifedipine or the alpha-
receptor blocker prazosin. For some patients, the longer-act-
ing form of nifedipine causes fewer side effects, which can
include headache, dizziness, palpitations, flushing, and
edema. Recent evidence suggests that the medication
sildenafil (Viagra, Pfizer, Inc.) improves microcircu-
lation and symptoms of Raynaud’s that are otherwise
refractory to vasodilator therapy.
3. Thermal biofeedback has demonstrated good results
in many patients in whom anxiety and stress play a role in
the initiation of vasospastic attacks. After biofeedback
training, 80% to 90% of patients can avert an attack of Ray-
naud’s phenomenon, and some can actually increase skin
temperature as much as 4°C.
4. The role of surgical or thoracoscopic sympathec-
tomy for Raynaud’s disease is limited. Few patients should
need sympathectomy, since conservative management con-
trols symptoms in at least 80% of patients. Reasonable can-
didates for sympathectomy are those patients whose
vasospastic attacks have become progressively debilitating,
especially when trophic or ulcerative changes have
occurred. Approximately 50% to 60% of such patients with
primary Raynaud’s phenomenon and no underlying sys-
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temic collagen vascular or immunologic disease will have
improvement after sympathectomy, although the early
favorable results may not last more than 3 to 6 months.
B. Raynaud’s phenomenon or secondary Raynaud’s due
to some underlying systemic disease or large-vessel occlusive
lesions often is a more difficult problem to manage than pri-
mary Raynaud’s disease. Tissue necrosis with exceptionally
painful digital ulcers can be a chronic problem in such
patients. The fundamentals of therapy remain avoidance of
tobacco, protection from cold, and treatment of calcium chan-
nel blockers. Sympathectomy is far less effective than it is for
primary Raynaud’s disease. In fact, only 20% to 30% of
patients with scleroderma and Raynaud’s phenomenon
improve after sympathectomy, so we rarely recommend sym-
pathectomy in these patients. In instances where second-
ary Raynaud’s is clinically significant and associated
with large-vessel occlusive disease (e.g., subclavian,
axillary, or brachial arteries) such lesions should be
treated to maximize perfusion to the arm and hand.
This is especially true in cases where noninvasive test-
ing confirms significant ischemia in the forearm and
hand or there has been tissue loss in the digits.
C. Acrocyanosis does not lead to tissue loss, so treatment is
directed at relieving cold-induced symptoms. The conservative
management described for primary Raynaud’s disease usually
is sufficient.
D. Livedo reticularis is also manageable in most cases by
conservative treatment. Digital ulceration may occur when
livedo reticularis is associated with periarteritis nodosa, lupus
erythematosus, or cholesterol embolization. In such cases,
sympathectomy may be considered, although results have
been variable.
E. Cold hypersensitivity may be seen after recovery from
frostbite. The affected area may become bluish and have an
associated burning pain with even mild cold exposure. The
problem seems to be a variant of reflex sympathetic dys-
trophy or causalgia (i.e., sympathetically maintained
pain). Initially, the medical treatment described for Raynaud’s
disease should be undertaken. For severe cases, regional sym-
pathectomy may provide lasting relief, especially if it is done
before pain becomes chronic.
II. Threatened limb loss. Although vasospastic disorders may
cause ulcerations of the tips of the digits, the hand and arm sel-
dom become ischemic. Severe hand ischemia usually is associ-
ated with large-artery occlusions, emboli, or trauma.
A. Acute ischemia generally requires emergency surgical
intervention. The history and physical exam usually will iden-
tify the cause. If there is a delay for medical stabilization or
arteriography we administer heparin systematically to the
patient to prevent thrombus propagation. Patients who
develop brachial artery occlusion after cardiac catheterization
should undergo immediate brachial thrombectomy and repair
of the access site often under local anesthesia. Although the
patient’s hand may initially be relatively asymptomatic, a
chronic brachial artery occlusion in these situations can cause
bothersome arm claudication in active individuals. Thus,
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urgent brachial artery repair is preferable to delayed surgery
as it can be accomplished with minimal risk and achieve
return of distal pulses in nearly all patients.
B. An arterial embolus to the upper-extremity arterial
circulation is the most common cause of acute arm
ischemia. The most common source of such emboli is the
heart and most often the embolus lodges in the brachial artery
at the takeoff of the profunda brachius artery. These emboli
can nearly always be successfully extracted with local explo-
ration and limited Fogarty catheter embolectomy. Throm-
boemboli lodged in more proximal arterial segments such as
the subclavian axillary can also be approached through the
proximal brachial or distal axillary artery with passage of the
Fogarty catheter proximally. In cases of proximal subclavian
or axillary artery emboli, transfemoral arteriography with
placement of a catheter in the subclavian artery may provide
useful diagnostic information and even therapeutic options.
Distal forearm emboli are more completely removed by a more
distal brachial artery cutdown, allowing for selective passage
of a small Fogarty catheter down each of the ulnar and radial
arteries. In cases where the emboli or subsequent thrombus
(i.e., clot) has extended into the distal digital arteries adjuvant
thrombolytic agents may be helpful in restoring distal outflow
or runoff. If, in such cases, the distal emboli or thrombosis is
relatively chronic, local thrombolytic therapy is less likely to
help. Importantly, if the source of the embolus is not the heart
but instead an atherosclerotic lesion in the proximal subcla-
vian or axillary artery, these will require open operative or
endovascular treatment to remove the source of the emboli.
C. Large-artery occlusions in the upper-extremity cir-
culation require treatment, either open or endovascular, as
they cause significant symptoms. Proximal subclavian
stenoses are preferably treated with angioplasty and stenting
using a balloon-expandable stent. If the proximal subclavian
artery is occluded and/or not amenable to endovascular treat-
ment, a carotid-to-subclavian bypass or reimplantation of the
subclavian artery into the common carotid artery are very
effective options with low associated morbidity and mortality.
Subclavian artery thrombosis secondary to thoracic outlet
syndrome will require resection of the first rib and any cervi-
cal rib in conjunction with arterial repair. In contrast, axillo-
subclavian vein thrombosis secondary to thoracic outlet
compression (i.e., effort thrombosis) is treated by catheter-
directed thrombolytic infusion and anticoagulation followed
by first-rib resection. The timing of the first-rib resection is
somewhat controversial. Some recommend early resection
after thrombolysis while others prefer to anticoagulate the
patient with warfarin for 6 to 8 weeks prior to resection, to
allow the surface of the vein to heal. Thrombosed axillary
artery aneurysms are best treated with open operative recon-
struction using an interposition graft of saphenous vein or
prosthetic material. Saphenous vein is the best conduit for
brachial, radial, and ulnar revascularizations.

ITII. Arm claudication. As discussed earlier, incapacitating

arm claudication is fairly uncommon because of the rich collat-

eral blood flow to the arm. For the few patients who need revas-
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cularization, the options, open and endovascular, described
above for threatened limb loss are also applicable to relieve clau-
dication.

LONG-TERM PROGNOSIS

The long-term prognosis for most arterial problems of the upper
extremity is good. Nonoperative treatment is successful in many
patients. Therefore, unless the viability of the extremity is
acutely threatened, a period of conservative treatment and
observation should generally be followed. The patients with
the worst prognosis generally are those with Raynaud’s
phenomenon secondary to progressive collagen vascular
disease or those with extensive distal small-vessel occlu-
sion secondary to recurrent emboli or thrombosis.
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cHAPTER 19

Venous Disorders and Venous
Thromboembolism

A spectrum of chronic venous disorders, from simple varicose
veins to venous stasis ulcers, afflicts at least 20% to 25% of the
population. Varicose veins are one of the most common vascular
problems seen in office practice. Most varicose veins are the
result of a congenital or familial predisposition that leads to loss
of elasticity in the vein wall and the absence or incompetence of
venous valves. These primary varicosities generally progress
downward in the saphenous system. Prolonged standing, obesity,
and pregnancy make all leg varicosities more symptomatic.

Most patients who have had femoropopliteal deep vein throm-
bosis will develop some degree of post-thrombotic syndrome.
Thrombosis damages deep venous valves and often leaves them
incompetent. The musculovenous pump can no longer reduce
ambulatory venous pressures. Consequently, the patient has
chronic venous hypertension in the leg when he or she stands
with high venous pressures transmitted through perforating
veins from the deep to superficial venous system. In 20% to 50%
of patients with symptoms and signs of chronic venous insuffi-
ciency, no history of deep venous thrombosis (DVT) is obtainable.
The classic physical findings are a chronically indurated ankle,
dark stasis pigmentation around the ankle, and skin ulceration
in some patients. The exact means by which this chronic venous
hypertension causes stasis skin changes and ulceration is still
unclear. Evidence suggests that local capillaries leak fibrinous
protein that is not adequately removed by fibrinolysis. A liposcle-
rosis occurs and local tissue oxygen diffusion may be impeded.
The result is tissue necrosis and skin ulceration. Skin ulcera-
tion seldom occurs unless the popliteal vein valves are
incompetent.

Post-thrombotic syndrome or primary deep valvular incompe-
tence can be especially disabling for active ambulatory workers,
since leg dependency increases pain and swelling and impedes
ulcer healing. Fortunately, proper elastic leg support, skin care,
and, in some situations, surgery can alleviate chronic venous
insufficiency enough that patients can remain comfortable and
active. In patients with chronic iliofemoral venous obstruction,
venous capacitance is increased at rest and cannot compensate
during exercise. The result is severe thigh pain and a sensation
of tightness with vigorous exercise, dubbed venous claudica-
tion. Leg symptoms are more common in patients with chronic
venous obstruction than in those who have recanalized veins
with incompetent valves. A surprising observation is that 5 to
10 years after lower-extremity DVT, over 80% of patients will
develop some symptoms of chronic venous insufficiency (edema,
pain, ulceration).

The current clinical approach to acute venous throm-
boembolism focuses on prevention, rapid diagnosis, and
treatment. A better understanding of the pathophysiology of
DVT and pulmonary embolism (PE) has resulted in more aggres-
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sive preventive measures. The limitations of the physical exam-
ination in accurate diagnosis of venous thromboembolism have
culminated in the development of efficient, noninvasive methods
for detection. Newer anticoagulant medications and regimens
offer alternatives for prevention and treatment. Finally, clinical
trials will define the role of catheter-directed thrombolysis in the
treatment of DVT.

The basic pathophysiology and natural history of venous dis-
orders are summarized in Chapter 2. A description of the initial
lower extremity venous examination is found in Chapter 5. This
chapter focuses on the principles of medical, catheter-based, and
surgical therapy.

I. Chronic venous disorders.
A. The CEAP classification scheme (see Table 2.1) has been
adopted worldwide in order to standardize and facilitate com-
munication about chronic venous disorders. Venous disease is
defined by clinical class (C), etiology (E), its anatomic (A) dis-
tribution in the veins, and the pathologic mechanism (P) of
development (reflux or obstruction or both).
1. Clinical presentation of venous disorders relies upon
physical examination. C1 disease is evidenced by telang-
iectasias and/or reticular veins, commonly referred to as
spider veins. Varicose veins are distinguished by diame-
ter <3 mm and their characteristic protuberance and are
seen in C2 disease. Progression to edema and skin changes
from venous hypertension is seen with C3 and C4 disease,
respectively. Skin changes may be mild such as eczema
or erythematous dermatitis. Lipodermatosclerosis is
a localized chronic inflammation and fibrosis of the skin
and subcutaneous tissues of the lower leg, occasionally
associated with scarring of the Achilles tendon. Lymphan-
gitis and cellulitis should be differentiated by local signs
and systemic features. Atrophie blanche, or white atro-
phy, refers to the smooth, stellate scarring that can
occur with venous stasis. The most severe clinical
manifestation is venous ulceration. A healed ulcer is seen
in C5 disease. An active ulcer with a full thickness skin
defect, most frequently in the ankle region, defines C6
disease.
2. The etiology of the venous disease is also used for clas-
sification. Venous disease may be congenital, as in Klippel-
Trenaunay syndrome, which appears to be a fetal
developmental abnormality. The classic clinical triad
includes (a) port-wine stains, (b) hypertrophy of soft tissue
and bone with overgrowth of the extremity, and (c) varicose
veins. Because of the benign course of this disease, the
majority of these patients do not have surgery and do well
with conservative therapy. Occasionally, a more aggressive
operative approach may be necessary in patients with
large, symptomatic varicosities, especially if hemorrhage or
ulceration has occurred. It is important to rule out deep
venous hypoplasia, which can be present in these patients,
prior to any treatment of superficial varicosities. Venous
disease may also be primary from the degeneration
of valves or secondary as a result of damage from
prior thrombosis (post-thrombotic).
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3. Anatomically, venous disease can roughly be classified
as superficial, deep, and/or perforating veins. The affected
veins cannot be accurately defined by physical exam alone.
Duplex ultrasound is necessary if precise identification of
the involved veins is desired (Chapter 6).
4. The pathophysiology of venous disease is from reflux,
obstruction, or a combination of the two. Reflux can develop
primarily or as a result of post-thrombotic degeneration of
valves. Obstruction is most commonly a post-thrombotic
event, and may occur when the affected vein is only partially
recanalized. The residual webs and synechiae prevent nor-
mal venous flow. May-Thurner syndrome is a congenital
obstruction of the left iliac vein by the anatomic crossover of
the right iliac artery. In some patients, this impingement
may result in pain (venous claudication), edema, and a pre-
disposition toward developing left iliofemoral venous throm-
bosis. It is interesting that over 20% of the population
demonstrates this compression in cadaver studies, but only
a minority becomes symptomatic.

B. Diagnosis
1. Clinical presentation. Varicose veins present with
unsightly bulges on the lower extremity and often with
associated achiness or heaviness in the legs with prolonged
standing. Symptoms may not correlate well with the degree
of anatomic defect. Occasionally, a patient will abrade a
varicosity, which may cause a rather impressive hemor-
rhage. A more common complication of varicose veins is
superficial thrombophlebitis, which may cause considerable
pain and disability but rarely leads to PE. Longstanding
varicose veins may also result in chronic ankle induration,
stasis dermatitis, and, occasionally, leg ulcerations. As was
previously noted, post-thrombotic syndrome is found in
patients with a history of DVT leading to deep venous
insufficiency and/or obstruction. This syndrome is mani-
fested by skin changes, edema, and ulceration of the lower
extremity.
2. Noninvasive venous testing is very helpful in the
diagnosis of both acute and chronic venous disease as
described in Chapter 6. Duplex ultrasound is the mainstay
of diagnosis. Reflux in the superficial and deep veins can be
determined by prolonged valve closure times (>0.5 sec-
onds). Perforator incompetence is determined by reversed
or outward flow (deep to superficial) in the perforating
veins of the leg. Duplex has greater than 95% accuracy
in the detection of acute venous thrombosis, and can
also recognize the signs of chronic thrombosis, such
as recanalization, collaterals, and more echogenic
clot. Plethysmography can provide a global assessment of
the limb’s venous function and is generally applied as an
adjunct to Duplex in more severe cases of chronic venous
insufficiency. CT and MR venography are particularly use-
ful in evaluation of the central veins, which are less acces-
sible by ultrasound. However, both CT and MR can only
determine anatomic abnormalities and provide no phy-
siologic evaluation. MR is the test of choice for characteri-
zation of venous malformations. Invasive venography is
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generally reserved for those patients with chronic venous
insufficiency or congenital disorders in order to evaluate
for venous reconstruction. Ascending venography provides
a roadmap of the limb and central drainage, such that
obstructive lesions can be identified. Descending venogra-
phy can localize incompetent valves and assess the sever-
ity of the reflux.
. Treatment.
1. Nonoperative treatment is appropriate for the major-
ity of chronic venous disorders. The symptoms may range
from mild (varicose veins) to severe (ulcers). Patients should
be reassured that the presence of chronic venous disease is
neither life- nor limb-threatening. In our experience these
are frequently the unspoken concerns of our patients. Even
severe venous ulceration is usually superficial and does not
threaten the limb in the absence of superimposed infection
or arterial insufficiency. Chronic venous insufficiency is
incurable, thus it is important that the patient understands
that the goal of treatment is to minimize symptoms and
prevent ulcer recurrences.

The following measures will promote venous health for
patients with chronic venous diseases:

. Compression therapy with graduated stockings

. Elevate the feet and legs for 10 to 15 minutes whenever
possible

Walk to improve the musculovenous pump of the calf
Avoid trauma to varicose veins

Weight reduction for obese patients

Avoid prolonged standing or sitting

. Consultation with vascular and wound care specialist at
the first signs of ulceration or cellulitis

. Maintain skin integrity, avoiding cracking and eczema,
with proper emmolients

® NouRL -

a. Compression therapy is the mainstay of med-
ical treatment for all chronic venous disorders.
Graded elastic stockings are available in a variety of
strengths, lengths, and styles. Strengths of 20—30 mm
Hg are most commonly prescribed for varicose veins and
milder venous disorders. The stockings alleviate many of
the symptoms of leg achiness, heaviness, and swelling.
Although below-the-knee stockings are suitable for most
patients, some women with varicose veins prefer a high-
quality sheer panty hose with graduated pressure from
the ankle to waist. Several companies offer specialized
venous stockings and hosiery [e.g., Sigvaris (Ganzoni
and Cie, AG, St. Gallen, Switzerland), Jobst (Beiersdorf—
Jobst Inc., Charlotte, NC, U.S.A.), and Medi (Medi USA
Inc., Whitsett, NC, U.S.A)].

Patients with post-phlebitic syndrome and deep
venous insufficiency are often affected by ambulatory
venous hypertension. In such patients venous pres-
sures decrease only 20-30% during exercise compared
with a 70% decrease in the setting of normal venous
function. Venous pressures are highest in the most
dependent portion of the leg at the ankle, where most
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post-thrombotic changes occur. Although chronic venous
hypertension cannot be corrected by elastic leg support,
elastic leg support can prevent some of the leg edema.
For these patients, strengths =30—40 mm Hg are desir-
able. Below-the-knee stockings are generally sufficient
in most patients for several reasons. First, post-throm-
botic problems nearly always occur below the knee,
where venous pressures are highest. Thigh swelling sel-
dom is a problem after acute DVT has resolved. Second,
support hose that comes above the knee often binds or
constricts the popliteal space, especially if the hose slip
down the leg. Third, patients generally do not like a
heavy support hose that covers the entire leg. Many
patients who are given full-length or pantyhose-type
heavy support hose will wear them only when visiting
their physician for a check-up. However, some patients
with vena cava occlusion and severe leg swelling to the
waist will need full-leg heavy support hose and will
wear them without complaint.

Compliance with compression therapy is particularly
important for patients with active or healed venous
ulceration. Active venous ulcers heal at an average
of 5 months in 97% of compliant patients com-
pared to 55% of patients who are non-compliant.
Continued compression therapy also significantly
reduces the incidence of ulcer recurrence. Several sug-
gestions should be offered to the patient to ensure the
proper and comfortable use of heavy support hose. First,
the hose should be put on in the morning, prior to ambu-
lation. Otherwise, early leg swelling may begin before
the elastic support can control it. This routine usually
requires that the patient bathe or shower before going
to bed at night. Second, heavy hose may be difficult to
slide on the leg, especially for patients who have diffi-
culty applying the stockings due to hand arthritis or
poor conditioning. Special stocking-donning devices are
commercially available. The stocking can be loaded onto
the donning device, which stretches it sufficiently for
easier application. A silky liner or light nylon hose worn
beneath the heavy stocking can also make application
easier. Third, elastic support hose must be properly fit-
ted, or the patient will not wear them. Patients with
large or unequal leg size may need custom-fitted stock-
ings. We encourage patients to contact the fitting shop
for adjustments if their new hose do not fit satisfactorily.
We also periodically recheck patients in the outpatient
clinic to ensure that their hose fit properly. In general,
most heavy elastic support hose will need to be replaced
every 6 to 12 months.

b. Leg elevation remains a simple and effective
method of alleviating ankle edema. Patients with post-
thrombotic syndrome should elevate their legs above
the level of the heart for 10 to 15 minutes every 2 to
4 hours during the day. This recommendation may seem
impractical for the working individual, but most work-
ers are allowed breaks during their normal work hours
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at which time elevation can be done. Periodic leg eleva-
tion allows most patients to remain comfortable during
work. An explanatory note from the physician to the
patient’s employer often avoids any problem that the
patient may encounter by periodically sitting down on
the job.
c. Skin care is important if dermatitis, local infection,
and ulceration are to be prevented. Scaly pruritic skin of
the foot or ankle may indicate fungal infection, which is
managed by a topical fungicide such as Baza® antifungal
cream (2% miconazole nitrate, Coloplast Corp., Mari-
etta, GA) or Lotrimin® (1% clotrimazole, Schering-
Plough Corporation, Kenilworth, N.J.). Eczematous
stasis dermatitis may be alleviated by a topical steroid
cream, such as hydrocortisone cream 1%. Routine leg
washing should be done with warm water and a mild
soap. We discourage soaking the leg, since this may mac-
erate friable skin and increase swelling due to depend-
ency of the extremity. Non-perfumed emmolients such
as Aquaphor’ or Eucerin’ (Beiersdorf, Wilton, CT) should
be used to treat dry, cracked skin to prevent further
breakdown, ulceration, and cellulitis.
d. Venous ulcers classically occur in the lower
third of the leg above the ankle, referred to as the
“gaiter distribution.” Most frequently, ulcers occur at
the medial malleolus adjacent a medial ankle perfora-
tor. Less commonly, they occur on the lateral or posterior
calf at the site of the lateral ankle perforator or the mid-
posterior calf perforator (Fig. 19.1). The treatment of
venous ulcers utilizes all of the principles listed previ-
ously, however, supplementary measures may be needed
to treat refractory ulcers. A compressive bandage should
be applied over the ulcer dressing (Fig. 19.2). A rigid
bandage can provide a greater amount of continuous
compression than a stocking, and is a good adjuvant
technique for nonhealing ulcers. The Unna boot is the
most well known of these rigid bandages. The
three-layered boot is applied by a medical professional.
The innermost layer is a medicated paste gauze that
contain calamine, zinc oxide, glycerin, sorbitol, and mag-
nesium aluminum silicate. The second layer is gauze,
followed by an outer elastic compression wrap. The boot
hardens and can be left on for a week, although more
frequent checks (e.g., every 2—-3 days) of the leg should
be performed in diabetic patients or those with resolv-
ing cellulitis. The advantage of a boot is that continuous
compression is applied and patient compliance is
enforced. An absorbent dressing can be applied to the
ulcer before applying the boot. The Profore system
(Smith and Nephew, London, U.K.) is a four-layer, com-
mercially available bandage that works by the same
principles and is also effective for venous stasis ulcers.
Meticulous wound care is a critical part of the treatment
of venous ulcers. A nurse or midlevel provider dedicated
to the performance of wound care and able to devote time
to counseling is an invaluable asset. The vascular special-
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Figure 19.1. Location of the major lower-leg perforators. The perfo-
rating vein sites on the medial leg, especially the upper, middle, and
lower posterior tibial perforators (formerly called Cockett perfora-
tors), are common locations for post-thrombotic venous ulcers.
Ulcers seldom occur at the posterior and lateral venous perforators.

ist must be committed to supervising the wound care for
these patients who require lifelong maintenance. Various
ointments, salves, and dressings are available for compre-
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Figure 19.2. Application of a compressive bandage for a venous
ulcer. (A) The ulcer should be washed with warm water and mild
soap. In general, topical antibiotics should be avoided since they
may cause topical allergic reactions. For grossly infected ulcers, the
infection should be controlled before the bandage is applied. (B) A
soft absorbent pad should be placed over the ulcer. (C, D, E) The leg
from the foot to the knee is wrapped with a compressive dressing:
an Unna’s paste boot bandage, and Ace wrap, or a 30 to 40 mm
below-the-knee support stocking.

hensive wound care. Clean, granulating wounds should
be treated with a hydrogel or hydrocolloid dressing to
maintain a moist healing environment, and wounds with
large amount of necrotic tissue should undergo manual
sharp debridement. Treatment with an enzymatic debrid-
ing ointment such as collagenase or papain and urea may
also be beneficial, but some patients experience discomfort
or burning with application. Wounds with large amounts of
serous drainage should be treated with application of
absorbent dressing or powder, such as calcium alginate.
All of these dressings can be applied underneath a com-
pression stocking or boot although we would caution not to
use the Unna Boot or Profore systems in the setting of
active infection or cellulitis. In such cases, more frequent
changes of the wound will be necessary (e.g., once or twice
daily). If the ulcer appears infected, evidenced by
foul odor, surrounding cellulitis, or increased
drainage, a biopsy for quantitative culture can be
taken, although superficial wound swabs are dis-
couraged as a multitude of flora will grow from
every open wound. Local cellulitis usually responds to a
5- to 7-day course of an empiric oral antibiotic, such as a
cephalosporin.

2. Invasive therapies can be used to treat chronic
venous disorders that are refractory to compression ther-
apy or in patients who are unable or unwilling to comply
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with compression. Indications for treatment include (a) cos-
metic concerns, (b) symptoms of achiness, heaviness, pain
or edema, (c) bleeding from friable varicose veins, (d) recur-
rent superficial thrombophlebitis, and (e) venous ulcera-
tion. The type of treatment is guided by the severity and
location of venous reflux and/or occlusion, as defined by the
preintervention duplex. Additional tests (plethysmography,
venograms) are obtained in more complex cases, such as
those that have had prior venous operations or may require
venous reconstruction. Duplex is unnecessary in patients
with only spider veins. All patients should obtain well-
fitted compression hose, which are worn for at least several
weeks after treatment of varicose veins and indefinitely for
patients with history of venous ulceration. Preoperative
prophylaxis against DVT with 5,000 units of subcutaneous
heparin should be considered in patients at higher risk for
periprocedural DVT. Risk factors include older age, obesity,
hormone replacement or oral contraceptives, smoking, and
history of previous DVT.
a. Sclerotherapy is the injection of a sclerosing agent
into the varicose vein to damage its endothelium to cause
an aseptic thrombosis, which organizes and closes the
vein. We use sclerotherapy as primary treatment for spi-
der veins, reticular veins, and smaller varicosities
(<6 mm). Sclerotherapy can also be used to obliterate
small residual varicosities that persist after treatment of
great saphenous reflux. In contrast, sclerotherapy is not
as durable a treatment for large (8 to 12 mm) varicosities
that cascade down the entire lower extremity from a
completely incompetent great saphenous vein. Scle-
rotherapy will have limited long-term success in
patients with untreated saphenous or deep system
reflux, therefore patients with more significant C2 and
greater disease should first be evaluated by duplex ultra-
sound. Complications of sclerotherapy include hyperpig-
mentation, skin necrosis, thrombophlebitis, and allergic
reactions.
The essentials of safe and effective sclerotherapy are
as follows:
(1) Relative contraindications to sclerotherapy
include use of anticoagulants, ABI <0.7, veins on the
foot; veins in fat legs where perivenous reactions
may cause painful fat necrosis, and history of strong
allergic conditions.
(2) No more than 0.5 mL of the sclerosant (sodium
tetradecyl sulfate 0.25% to 3%, hypertonic saline
(23.4%), or sodium morrhuate) should be used in any
one injection site. A small-gauge (size 25, 26, or 30)
needle is used to inject four to six locations at one
injection session. Detergent-based agents can also be
mixed with room air to make a foam. Foam scle-
rotherpay has been used to treat larger varicosities
as well as C1 disease.
(8) The injection is done while the patient is reclin-
ing, not standing. The sclerosant is retained in the
vein segment by compressing it above and below the
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injection site for about one minute. The injection is
stopped if the patient complains of severe local pain,
since this suggests extravasation of the sclerosant
outside the vein. It is particularly important to
have the leg elevated when using foam scle-
rotherapy to avoid migration of air into the
deep venous system or centrally.
(4) A compressive elastic bandage is applied and the
patient is actively ambulated immediately. This
ambulation helps the musculovenous pump of the
calf to wash out any sclerosant that may have leaked
into the deep venous system. Patients are asked to
wear the compressive bandage or compression stock-
ings for at least one week following an average injec-
tion in small veins.
b. Surgical and endovascular treatment of vari-
cose veins. The treatment of saphenous vein reflux is
indicated for symptomatic varicose veins (aching, hem-
orrhage, superficial thrombophlebitis). The best surgical
candidates are active, healthy patients who are not
overweight. Some patients simply desire removal of the
varicose veins for cosmetic reasons. Occasionally, pri-
mary varicose veins lead to leg ulcers. In addition, there
is evidence that correction of the superficial reflux in
patients with combined superficial and deep reflux
improves venous hemodynamics. In a large random-
ized controlled trial (ESCHAR), eliminating
superficial reflux in combination with compres-
sion therapy reduced venous ulcer recurrence,
although healing rates were not improved com-
pared to compression alone.
(1) Saphenous vein stripping is the traditional
method for treating saphenous reflux. Before the
operation, the correct limb is marked with an indeli-
ble felt-tipped pen or other nontoxic dye while the
patient stands. If stab phlebectomy is planned, the
sites of varicose clusters are marked with an X. The
surgeon or surgeon’s assistant should do this mark-
ing and be sure that the patient agrees with the
veins to be removed. A small incision is made at the
groin and the saphenofemoral junction is exposed
and ligated along with each of its five or six tributar-
ies. Starting from the groin, a disposable stripper is
passed through the vein. The distal vein is tied to the
stripper and then removed by pulling the vein
through its subcutaneous tunnel. Whether to strip to
the knee or to the ankle level is somewhat controver-
sial given the proximity of the saphenous nerve to
the vein at and below the knee. Stripping the vein to
the ankle has a higher rate of saphenous nerve
injury and the decision depends on the degree of dis-
ease in the below-knee great saphenous vein. At the
ankle, the great saphenous vein should be exposed
medially and slightly anterior to the medial malleo-
lus. Careful exposure at the ankle includes identify-
ing and separating the saphenous nerve from the
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vein to lessen the incidence of nerve injury resulting
in numbness in the foot.

(2) Endovenous ablation is a relatively new tech-
nique for treating superficial saphenous vein reflux.
Laser and radiofrequency ablation (RFA) are
the two available methods and are less inva-
sive than traditional vein stripping. The entire
procedure is performed under ultrasound guidance.
The great saphenous vein is accessed percutaneously,
a sheath placed over the wire into the vein and the
laser or radiofrequency fiber positioned in the vein
just distal to the saphenofemoral junction. We begin
the ablation 1.5 to 2 cm distal to the junction, as
beginning closer can lead to transmission of energy
into the deep venous system and increase the risk of
DVT. A good rule is to position the fiber just distal to
the superficial epigastric vein, as this allows the
stump of the saphenous vein to drain rather than
acting as a potential “blind stump” for thrombosis.
Dilute tumescent anesthesia is injected around the
saphenous sheath for analgesia and to insulate the
skin and adjacent nerves against injury. Endovenous
ablation can be performed in an office setting with
minimal sedation. The initial success of endove-
nous RFA and laser ablation for treating
saphenous reflux has been comparable to sur-
gical stripping. Continued freedom from reflux
is seen in 84% of patients at 5 years with RFA
and greater than 93% at 2 years with laser.

(3) Stab phlebectomy may be used in combination
with stripping or endovascular ablation in order to
treat tributary varicosities (Fig 19.3). In many cases,
these are the only varicosities that the patient sees,
as the saphenous vein itself may not bulge. Since
these procedures are, in part, cosmetic; the skin inci-
sions should be very small “stabs” over the pre-
marked varicosities. A crochet hook or specially
designed vein hook is then used to elevate the vari-
cosity, which is then grasped with a hemostat and
plucked out. Some surgeons remove only these obvi-
ous varicosities and preserve the great saphenous
trunk. This approach is reasonable if the great
saphenous vein is competent by duplex. However,
most patients with large, symptomatic lower-limb
varicose veins have a diffusely incompetent great
saphenous vein and will be at high risk for recurrent
varicosities if this underlying problem is untreated.
Finally, skin incisions are closed with adsorbable
subcuticular sutures or Demabond with or without
Steri-Strips.

(4) Post-procedural care. After any procedure to
treat varicosities, the leg is wrapped in a compressive
gauze bandage with an elastic wrap from the toes
to the groin. As most vein surgery is performed in
the outpatient setting, the patient is instructed to
keep the operated leg elevated for a night. The next
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Figure 19.3. The technique of stab phlebectomy to excise varicose
tributaries. (A, B) The varicosity is visualized and a small stab inci-
sion is made directly over it. The dermis is undermined. (C) A cro-
chet hook or specially designed ven hook is used to elevate the vein.
(D) Once above the skin, the vein is grasped with hemostats and
divided with scissors. (E) Each end is romoved by taut traction on
the hemostat.

morning, the dressings are removed and a new
below-the-knee elastic bandage or stocking is
applied. The patient should ambulate every 2 hours
for 5 to 10 minutes, beginning on the first postopera-
tive day.

After endovascular ablation, patients are encour-
aged to ambulate immediately. The patient should
return in 2 to 3 days for a duplex, to ensure no inter-
val development of DVT and to reconfirm successful
ablation of the vein. The patient is rechecked in the
office after 2 to 4 weeks. Below-the-knee elastic sup-
port stockings are continued for a minimum of 2
weeks. For some patients, this support is continued
for several more weeks to alleviate mild leg swelling
and dependent heaviness that may follow lower-
extremity venous procedures.

(5) Complications. Wound cellulitis, hematomas,
and bruising can occur after vein stripping or endove-
nous ablation. Bruising and pain are more common
after laser than radiofrequency ablation. Below-the-
knee stripping or inadequate tumescence with abla-
tion procedures can increase the risk of saphenous
nerve injury resulting in temporary paresthesias or
numbness in the foot. Recurrent reflux can present
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through the saphenous vein or through accessory
veins years after ablation and neovascularization
after saphenous stripping can result in new path-
ways of reflux and varicosities. DVT is the most
dreaded postoperative complication after endovenous
ablation and for this reason most patients undergo
surveillance duplex several days and again one
month after the procedure. Overall, the incidence of
DVT is less than 1% and occurs in the calf veins more
commonly than in the common femoral vein. Careful
positioning of the tip of the fiber caudal to the saphe-
nofemoral junction, adequate tumescent insulation
around the saphenous vein, and early ambulation
may reduce the risk of DVT.
c. Subfascial endoscopic perforating vein surgery
(SEPS) can be performed in patients with incompetent
perforating veins and venous ulceration. Perforators
often occur at the sites of ulceration, and interruption of
venous hypertension at this level may be necessary to
achieve healing. Data from the North American
SEPS registry demonstrates favorable results,
with 88% of ulcers healed at one year after an
average of 54 days. However, at 2 years ulcers
recur in 46% of post-thrombotic limbs compared
to 20% in patients with primary valvular incom-
petence. Over two-thirds of these patients underwent
concomitant treatment for superficial varicosities (e.g.,
stripping, stab phlebectomy). No randomized, prospec-
tive trial has proven greater benefit of perforator inter-
ruption for healing ulcers or preventing recurrence
versus best medical therapy (e.g., compression, wound
care). In current practice, SEPS may be combined with
treatment of saphenous reflux, particularly when large
incompetent perforators are present beneath ulcers.
Otherwise, SEPS may be applied on a selective basis if
the initial treatment of superficial reflux fails to heal the
ulcer. Open subfascial ligation using the classic Linton
operation has largely been abandoned due to unaccept-
ably high wound complication rates. New methods of
treating perforating veins include ablation with a spe-
cially designed RFA probe and duplex-guided foam scle-
rotherapy.

Success with SEPS requires meticulous attention
to the details of surgical technique and postoper-
ative care. Several principles must be emphasized:

(1) SEPS is indicated in patients with active (C6)
and healed (C5) ulcers in the setting of chronic
venous insufficiency. Invasive infection and wound
necrosis should be under control before the procedure.
(2) Before the operation, duplex is used to ascertain
patency and incompetency of both the superficial and
deep venous systems. Incompetent perforators are
also localized and marked preoperatively with
duplex imaging.

(3) Surgery is performed with two ports in the lower
leg, one for a camera and one for dissection. Carbon
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dioxide is used to insufflate the subfascial space, sim-
ilar to standard laparoscopic techniques. Perforators
are divided under direct vision with clips or a har-
monic scalpel.
(4) After surgery, the operated leg should be ele-
vated for 3 hours, after which ambulation is allowed.
Essentially, patients undergo postoperative care sim-
ilar to that following saphenous vein stripping.
(5) Perioperative heparin can be used for patients
considered at moderate to high risk for DVT or if
bedrest is initiated for any period of time.
(6) If wound healing appears satisfactory at the first
dressing change, a compressive elastic Ace wrap is
reapplied from the toes to below the knee. This band-
age is essential until any sutures are removed. Then,
a 30 to 40 mm Hg below-knee compression stocking
is prescribed.
(7) Patients who undergo SEPS must understand
that they must continue to wear below-the-knee elas-
tic support hose following operation, as the proce-
dure does not correct the deep venous hypertension
due to valvular incompetence.
d. Open surgery for chronic deep venous insuffi-
ciency is performed at specialized centers and only for
severe cases failing best medical therapy. Direct repair
of venous valves (valvuloplasty) is most effective for
primary venous reflux. Valve transfer (e.g,. axillary to
femoropopliteal) may be superior to valvuloplasty for
incompetent, severely damaged valves as a result of post-
thrombotic syndrome. The presence of venous obstruc-
tion is associated with more debilitating symptoms
(swelling, venous claudication) than reflux alone, and
most often occurs as a result of incomplete recanalization
after DVT. Unilateral iliofemoral obstruction can be
treated with a crossover femoral-femoral bypass
using the saphenous vein (Palma method). Open
venous reconstructions are technically demanding oper-
ations with modest long-term success, thus limiting their
applicability to well-selected and motivated patients.
Endovascular treatment has been lauded in recent
years as a minimally invasive and highly successful
modality in patients with chronic iliofemoral obstruc-
tion. Perhaps the most common cause of primary venous
obstruction is May-Thurner syndrome. This condition
results from excessive compression of the left iliac vein
by the crossover of the right iliac artery and usually
occurs in young women. In a recent report of 982
iliofemoral stents placed for primary venous
obstruction, 6-year patency rates are 79% with
assisted primary patency achieving 100%. Patients
with secondary (post-thrombotic) iliofemoral obstruc-
tion also have commendable long-term results, although
not quite as good as those for primary obstruction.
II. Acute venous thromboembolism.
A. Prevention. Several prophylactic measures may decrease
the incidence of venous thromboembolism, especially in sick
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patients at bedrest. These preventive measures may be organ-
ized conveniently around Virchow’s etiologic triad for
venous thrombosis: stasis, hypercoagulability, and endothelial
injury.
1. Stasis. Prolonged immobilization of the lower extremi-
ties is perhaps the single most important event that pre-
cedes DVT. At bedrest, blood tends to pool in large,
valveless venous sinuses of the calf muscles. The soleus
venous plexus normally drains anteriorly into the tibial
veins. Consequently, if the body is supine, blood pools in the
calf muscles unless these muscles contract to empty the
calf veins. Historically, 1?°I-labeled fibrinogen studies show
that calf vein thrombosis often begins while the patient is
supine on the operating table.

Venous stasis in the calf may be prevented by elevation
and intermittent or continuous mechanical compression of
the leg. Simply elevating the leg 15 to 20 degrees improves
emptying of major leg veins but may not completely empty
the soleus venous sinuses. Likewise, graduated compres-
sion stockings may hasten flow in the tibial veins but not
completely empty the soleus plexus where clots often begin.
Several studies have confirmed that intermittent
pneumatic leg compression reduces postoperative
DVT, especially in urologic and neurosurgical
patients. However, patients may not be consistently com-
pliant with wearing these devices, finding them uncomfort-
able, unwieldy, or unimportant. Early mobilization and
ambulation should be encouraged in all patients able to
bear weight. Finally, one of the simplest, yet most effective,
methods of preventing calf vein stasis is to have the patient
exercise the legs (plantar flexion) against a footboard for 5
minutes every hour. This exercise not only promotes venous
flow but actually may enhance fibrinolytic activity, which
clears small clots. We have found that patients will exercise
regularly when the importance of these exercises is
explained to them and encouragement is given after the
operation. Patients at higher risk for thromboembolism
generally receive pneumatic compression devices on the
lower extremities and/or some type of anticoagulant ther-
apy, such as low-dose heparin or low-molecular weight
heparin (Table 19.1).

2. Hypercoagulability. Acute DVT is more likely to occur
in patients with some abnormality of coagulation (Chapter
3). Coagulation defects may be acquired or inherited. Low
levels of antithrombin III have been found in women tak-
ing oral contraceptives. Antithrombin III activity also
diminishes while thrombin activity increases with soft-
tissue trauma and operative wounding. Increased platelet
adhesiveness may be another problem that predisposes cer-
tain patients to recurrent DVT. Lupus anticoagulant and
anticardiolipin antibodies are acquired as a result of
autoimmune activity and may also be identified in patients
in the absence of an autoimmune disorder. Recurrent
venous thromboembolism has been correlated with congen-
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Table 19.1.

prophylaxis and disorders

Anticoagulants used for thrombotic

DVT Treatment for
Trade Name Generic Prophylaxis Acute DVT
Unfractionated
heparin
Heparin sul- 5,000 U s.c. 40-80 U/kg
fate 1-2 h preoper- IV bolus
atively; then and 2-18
5,000 U s.c. U/kg/h IV
q8-12 h infusion
(adjust for
aPTT ratio
1.5-2.5%)
LMWH
Fragmin Dalteparin 2,500 U s.c. 1-2 h 120 U/kg s.c.
(Pfizer, New preoperatively; ql2h
York, NY) then 5,000 U
s.c. daily
Lovenox Enoxaparin 20-40 mg s.c. 1.5 mg/kg s.c.
(Sanofi- 1-2 h preoper- q24h
Aventis, atively; then o
Bridege-
water NJ) 40 mgs.c.q24h 1 pmg/ke s.c.
or ql2h
30 mg s.c. q12h
Direct thrombin
inhibitors
Refludan Lepirudin 0.4 mg/kg IV
(Bayer Health  (recombi- bolus; then
Care, Wayne, nant 0.15 mg/
NJ)2 hirudin) kg/hr IV
continuous
infusion
(adjust for
aPTT ratio
1.5-2.5%)
Argatroban 2 mcg/kg/min
(Glaxo- IV (adjust
SmithKline, to aPTT
London, UK)? ratio 1.5—
3x)
Anti-Xa inhibitor
Arixtra (Glaxo- Fondaparinux 2.5 mg s.c. q24h 7.5 mg s.c.
SmithKline, q24h
London, UK)

LMWH, low molecular weight heparin.

aIndicated for anticoagulation in setting of heparin-induced throm-

bocytopenia
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ital deficiencies of protein C and protein S, antithrombin
111, a single point mutation in factor V Leiden causing acti-
vated protein C resistance, prothrombin gene 20210A
mutation, and abnormal levels of fibrinogen and plasmino-
gen. Of these, the most common inherited hyperco-
agulable state is the factor V Leiden mutation.
Screening for these hypercoagulable states is appro-
priate in certain patients with recurrent, idiopathic
DVT (Chapter 3).

Certain patients are at increased risk of DVT and PE.
They usually are referred to as high-risk patients and
include those who have experienced (a) previous venous
thromboembolism; (b) lower-extremity trauma (e.g., hip
fracture) and other orthopedic surgery of the hip, knee, or
lower limb; (¢) major pelvic operations (e.g., open prostate-
ctomy or gynecologic operations); (d) prolonged bed rest or
extremity immobility (e.g., stroke or back surgery); (e)
acute myocardial infarction; (f) chronic congestive heart
failure; and (g) malignancies (e.g., pancreatic cancer), as
well as those on (h) oral contraceptives. Prophylactic, low-
dose anticoagulation does offer high-risk patients signifi-
cant protection against venous thromboembolism.

Several anticoagulant agents are available: low molecu-
lar weight heparin (LMWH), low-dose unfractionated
heparin, warfarin, and direct Xa inhibitors (fondaparinux).
Of course, the risk of anticoagulant therapy in surgical
patients is bleeding, but major bleeding complications are
rare if therapy is properly delivered and monitored and cer-
tain contraindications are observed. These contraindica-
tions include an active peptic ulcer, intracranial or
visceral injury, hemorrhagic diathesis, gastrointesti-
nal bleeding, severe hypertension, and gross hema-
turia or hemoptysis.

a. Adjusted-dose warfarin can be an effective pro-
phylaxis for venous thrombosis, however, there is not
widespread acceptance of this strategy. The dosage may
be difficult to regulate and an excessively prolonged pro-
thrombin time is associated with increased bleeding
complications. Recommendations from the American
College of Chest Physicians only include warfarin pro-
phylaxis as an option for elective hip or knee surgery
patients.

b. Unfractionated heparin has received widespread

attention for its use in the prevention of fatal postopera-
tive PE. Compared to those who receive no prophylaxis,
heparin-treated patients experience a 40% reduction in
nonfatal and a 64% reduction in fatal PE. The usual
dosage has been a loading dose of 5,000 units given sub-
cutaneously, 2 hours prior to operation and then 5,000
units every 8 to 12 hours until the patient is ambulatory.
Low-dose heparin enhances antithrombin III activity
with minimal to no change in coagulation tests although
bleeding and wound complications may be slightly
higher in patients on prophylactic heparin. Therefore,
the use of prophylactic heparin should be reserved for
those at increased risk of thromboembolism, including
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patients with prior venous thromboembolism, those
immobilized for long periods, and those subjected to
major surgical procedures.
c. Low molecular weight heparin (LMWH) has
three potential advantages over unfractionated heparin:
(1) effective prophylaxis with once-daily administration,
(2) improved efficacy, and (3) a lower frequency of bleed-
ing. LMWHs have higher bioavailability and extended
half-life compared to unfractionated heparin. Compared
to unfractionated heparin, LMWH has greater anti-Xa
activity compared to anti-Ila activity, which may reduce
the risk of bleeding complications without compromis-
ing efficacy. Several randomized clinical trials have
demonstrated that LMWH is as effective and as safe as
unfractionated heparin in the prophylaxis against
venous thromboembolism (VTE).
d. Data showing efficacy of antiplatelet agents or
dextrans for VTE prophylaxis is equivocal and their use
for this purpose is not supported by current guidelines.
e. Fondaparinux is a synthetic pentasaccharide
that acts exclusively as a factor Xa inhibitor. With
a long half-life, dosing is once a day subcutaneously,
although renal excretion limits its use in patients with
renal insufficiency. Fondaparinux is currently approved
for VTE prophylaxis in orthopedic and general surgery
patients. This agent has shown improved efficacy com-
pared to LMWH in patients after hip or knee surgery,
although bleeding risk may be slightly higher.
3. Vein injury. During elective operations, meticulous
attention must be given to the gentle dissection and han-
dling of veins. Large-vein injuries should be repaired by fine
lateral suture technique and ligation should be avoided. The
surgeon also must avoid prolonged compression of the vena
cava or other large veins with retractors or packs. Experi-
mental studies have also documented endothelial tears that
occur in extremity veins remote from an elective operative
site. These endothelial lesions may become the focus of DVT.
B. Diagnosis. Patient history and physical examination fre-
quently are unreliable in establishing an accurate diagnosis of
either acute DVT or PE. In fact, about 75% of patients who
are evaluated for suspected venous thrombosis or PE
do not have these conditions. Since either condition
requires systemic anticoagulation, with its potential complica-
tions, we recommend the following approach to ensure that an
accurate diagnosis is established.
1. Superficial thrombophlebitis generally is recognized
by the physical findings of a tender superficial venous cord
in the upper or lower extremity. Usually, there is no deep
vein involvement. If the process extends to the groin, exten-
sion into the deep femoral system may be present. Duplex
is the best method to ascertain thrombotic involvement of
the common femoral vein, which may occur in 5% to 40% of
patients and sometimes in the contralateral leg. It is note-
worthy that a given percentage of these patients may be
hypercoagulable due to an inherited or acquired condition,
and careful personal and family history should be obtained
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with this in mind. Superficial thrombophlebitis not infre-
quently affects a preexisting varicose vein, and vein
removal may be indicated in recurrent cases.
2. DVT is suggested by leg pain, swelling, and tenderness.
Since these findings are not specific for venous thrombosis,
treatment generally should not be started without confir-
mation by duplex examination. Phlegmasia alba dolens
and phlegmasia cerulea dolens are dramatic clinical pre-
sentations of DVT manifested by massive leg swelling with
white or blue discoloration, respectively. Rarely, these may
progress to venous gangrene.
a. Compression duplex ultrasonography is highly
sensitive (sensitivity, 90% to 100%) for detecting proxi-
mal femoropopliteal vein thrombosis, but is less sensi-
tive (60% to 90%) for detecting calf-vein thrombosis.
Noninvasive studies, however, have limitations espe-
cially in the pelvic veins, below the knee, and in the pro-
funda femoris vein. Also, duplex may be difficult to
interpret if the patient had a previous DVT that has not
recanalized. If the results of noninvasive tests are nor-
mal, other etiologies for the leg symptoms are investi-
gated. CTV, MR venography, or invasive venography is
reserved for those rare patients with equivocal duplex
results and an elevated clinical suspicion of DVT, such as
with isolated iliac vein thrombosis.
b. Plasma D-Dimer is a fibrin-specific product, and
therefore a marker of fibrinolysis, which may be ele-
vated with venous thrombosis. The D-Dimer test has
emerged as a useful screening test to rule out DVT. In
outpatients with a low clinical likelihood of DVT
and a normal D-Dimer level, the negative predic-
tive value exceeds 99% and duplex is probably
unnecessary.
3. PE is a condition in which thrombus (i.e., clot) has
migrated or embolized through the right heart and
into one of the pulmonary arteries obstructing flow
of unoxygenated blood to that segment of lung.
Depending upon the size of the pulmonary embolus, it may
cause significant strain on the right heart and often pres-
ents with chest pain, dyspnea, and, occasionally, hemopty-
sis. The source of the emboli is nearly always the leg or
pelvic veins. Similar symptoms may occur with myocardial
ischemia, bronchitis, pneumonia, or pleurisy, so PE must
be confirmed by other tests. Given that the mortality of
untreated PE is great, it is important to maintain a high
index of suspicion and to have a low threshold for pursu-
ing diagnostic testing and early treatment with anticoagu-
lation.
a. Although hypoxia demonstrated on arterial blood
gas testing is common with PE, a low arterial PO, is
not diagnostic. Other laboratory tests may be abnormal
but often are inconclusive. Electrocardiographic
abnormalities may include a rhythm disturbance and
ST segment depression or T-wave inversion, particularly
in leads III, aVF, V1, V4, and V5. These findings are
indicative of myocardial ischemia associated with acute
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PE. The classic finding of S1, Q3, T3 (S wave in
lead I, Q-wave and T-wave inversion in III) is
uncommon unless the PE causes acute right heart
strain. In many patients, the only ECG finding is sinus
tachycardia. The ECG is most important to rule out an
acute myocardial infarction as the cause of chest pain.
The chest radiograph may look normal, although in seri-
ously ill patients it may show infiltrates from pneu-
monitis or atelectasis. An x-ray is therefore important to
examine for other potential pulmonary pathology.

b. Ventilation/perfusion lung scanning (V/Q scan)
uses a radioisotope to identify areas of disproportionate
lung perfusion that may occur as a result of PE. False-
positive V/Q tests may occur in patients due to preexist-
ing lung pathology such as asthma, emphysema, chronic
bronchitis, pneumonitis, or neoplasm. Consequently, the
chest radiograph should be checked before a lung scan
to identify any disease process that may affect the scan.
In properly performed and interpreted scans, normal
results essentially exclude a significant pulmonary
embolus. High-probability scans predict the presence of
PE in about 90% of patients. However, the majority of
V/Q scans fall into the “intermediate probability” cate-
gory, often necessitating further diagnostic testing.
Although V/Q scanning has historically been the screen-
ing test of choice for PE, in recent years spiral CT has
been popularized due to its speed and specificity. How-
ever, some patients are unable to undergo CT due to
severe dye allergy, renal insufficiency, or limited hospi-
tal resources.

c. Helical CT is a rapid and acute method for the
detection of pulmonary emboli. In many institutions,
helical CT has become the test of choice for emergency
room and hospitalized patients and can be performed
and resulted within minutes. CT is able to directly
visualize the location of emboli, whether they are in
the central, segmental, or subsegmental branches. The
appearance of the lung parenchyma and chest struc-
tures is noted in addition to the pulmonary vasculature.
Whereas V/Q scan results may be clouded by intrinsic
lung disease, CT may demonstrate a differential diagno-
sis (e.g., effusion, pneumonia) to more fully explain the
clinical situation. Compared with pulmonary angiogra-
phy, the traditional gold standard, helical CT has sensi-
tivity and specificity of 90% to 100%. The limitations
of CT are mostly in the detection of small subsegmen-
tal emboli, although the newest scanners can detect
these with great accuracy. By timing contrast injection
and performing delayed imaging, CT venography of the
legs can also be added to the initial PE scan. This adju-
vant imaging provides even greater sensitivity to the
examination by identifying deep venous thromboses.
The presence of DVT in association with high clini-
cal suspicion for PE, despite negative helical CT for
emboli, likely warrants further imaging or empiric anti-
coagulation.
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d. Pulmonary arteriography remains the definitive
diagnostic test for PE if V/Q scanning or helical CT scan
cannot define a diagnosis. One must remember that
most pulmonary emboli resolve over a period of days to
several weeks, and, consequently, a pulmonary arteri-
ogram may look normal after a while. Although pul-
monary angiography has been the gold standard for
diagnosis, it is rarely performed due to a 3% to 4% risk
of complications from this invasive procedure.
C. Treatment. In Chapter 2, we emphasize that the natural
history of DVT and PE may be altered by anticoagulation. In
certain situations, catheter-based and/or surgical intervention
also may help the patient. Specifically, catheter-directed
thrombolytic therapy has added another important
alternative to managing serious DVT and PE.
1. Treatment of superficial thrombophlebitis depends
on the extent of the phlebitis and the general health of the
patient. Elastic support, local heat, and an anti-inflamma-
tory medication (e.g., aspirin or a nonsteroidal anti-inflam-
matory agent) may relieve localized superficial phlebitis.
The inflammation results in erythema that resembles cel-
lulitis; however, infection is rarely present and antibiotics
are generally not indicated. Resolution may take 7 to 14
days. Anticoagulation is reserved for patients in whom DVT
is documented or in whom the phlebitis extends to the
saphenofemoral junction and deep venous extension seems
likely. If the thrombophlebitis is confined to superficial
veins and the patient is a good operative risk, excision of the
thrombosed vein and ligation and stripping of the greater
saphenous vein may be curative and may shorten the time
of disability. Likewise, the patient with recurrent superficial
thrombophlebitis can benefit from removal of the affected
vein. Rarely, suppurative thrombophlebitis can result from
an intravenous line infection, and should be treated with
antibiotics, warm compresses, and occasionally resection or
open drainage of the vein to prevent septicemia.
2. For established DVT, standard therapy is initiated
with a form of heparin followed by a longer course of war-
farin (Table 19.1). The goal of anticoagulation is to prevent
the propagation of thrombus or embolism to the pulmonary
circulation. Anticoagulation does not dissolve the present
clot, but allows the patient’s inherent fibrinolytic system to
eliminate the thrombus over months.
a. Continuous heparin infusion has been associated
with fewer bleeding complications than intermittent
intravenous therapy. The patient is systemically
heparinized with an intravenous bolus of 5,000 to 10,000
units (100 units/kilogram), followed by a continuous
infusion based on a weight-based protocol (usually
1,000-1,500 units/h). Although the ideal method of mon-
itoring heparin therapy is debatable, an activated par-
tial thromboplastin time test (aPTT) is the standard in
most hospitals. Anticoagulation is considered adequate
when these test values are at least 1.5 to 2.0 times the
pretreatment values. It is extremely important to
achieve therapeutic levels within 24 hours, as subthera-
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peutic levels have been associated with recurrent throm-
boembolism in randomized trials. There is a common
misconception that an aPTT greater than twice normal
(usually >100 seconds) is associated with more bleeding
complications. On the contrary, clinical trials demon-
strate a lack of association between a supratherapeutic
aPTT (ratio of 2.5 or greater) and the risk of clinically
important hemorrhage. Recent clinical trials indi-
cate that the length of heparin therapy can be
shortened to 5 days without loss of effectiveness
or safety if oral anticoagulants are started on the
first or second day of treatment for DVT or PE.
Platelet counts should also be checked at least every
other day, since heparin may induce thrombocytopenia.
Heparin-induced thrombocytopenia (HIT) gener-
ally is recognized at least 3 days after onset of therapy,
and appears more commonly in patients with prior
heparin exposure. HIT occurs with an incidence of 1% to
5% with UFH and can result from an immune reaction
to the heparin-platelet complex. A smaller percentage
of patients with antiplatelet antibodies experi-
ence profound platelet aggregation and clumping
that can lead to the devastating syndrome of HIT
with thrombosis. This condition can result in para-
doxical arterial and venous thrombosis despite heparin
therapy. In any patient with a decreased platelet level
on heparin, antiplatelet antibodies should be checked.
The treatment of HIT is to stop all heparin, including
heparin flushes and heparin-coated lines, as this condi-
tion is not a dose-dependent phenomenon. If continued
anticoagulation is necessary, alternative agents
such as recombinant hirudins or argatroban can
be used (Table 19.1 and Chapter 3).
b. LMWH has been proven in clinical trials to be
equally effective as UFH in the treatment of DVT.
LMWHs have several advantages over UFH. Their
bioavailability is better due to lesser plasma protein
binding. The dosage is a convenient once or twice per
day, subcutaneously, with no need for monitoring of lev-
els. LMWHs act more specifically on factor Xa, rather
than thrombin, which may lessen the risk of bleeding.
LMWHs are weight-based and do not need monitoring,
which avoids the frequent blood draws that are needed
for monitoring UFH. The incidence of heparin-
induced thrombocytopenia with LMWH is ten
times less than with unfractionated heparins.
Outpatient treatment is also practical for selected cases
of first-time, uncomplicated DVT in conjunction with
the initiation of warfarin therapy. Unfractionated
heparin should be used for complicated venous throm-
bosis, suggested by significant symptoms, large throm-
bus burden, or recurrent thrombosis. In these more
complicated cases of DVT, admission to the hospital
allows for leg elevation, observation for phlegmasia, and
consideration of catheter-directed thrombolysis in
appropriate candidates. A meta-analysis of the litera-
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ture has concluded that the relative risk of recur-
rent thromboembolic events with initial LMW
heparin compared with standard heparin is simi-
lar (odds ratio of 0.85), but bleeding risk and mor-
tality rates favor LMWH group (odds ratio 0.71
and 0.57, respectively).

c. Oral anticoagulation with warfarin is started
during heparin therapy and is continued for 3 to
6 months. During this period, the deep veins usually
recanalize slowly. Since warfarin inhibits coagulation by
inhibiting liver synthesis of vitamin K—dependent clot-
ting factors (II, VII, IX, X), which have long half-lives,
anticoagulation with oral agents requires several days
of therapy before the patient is anticoagulated. Addi-
tionally, warfarin inhibits the synthesis of the anticoag-
ulant protein C, which has a fairly short half-life
causing a relative prothrombotic state during the first
several days after starting warfarin. Heparin therapy
during these first few days keeps the patient anticoagu-
lated until eventually all of the vitamin K-dependent
factors have been effectively inhibited.

To standardize the PT for oral anticoagulation,
the World Health Organization has developed an
international reference (INR) thromboplastin
from human brain tissue and has recommended
that the PT be expressed as this INR. With the past
conventional use of rabbit brain thromboplastin
reagents, a PT ratio of 1.3 to 1.5 (16 to 20 seconds) cor-
responds to an INR of 2.0 to 3.0. Clinical trials support
less intense oral warfarin therapy (INR of 2.0 to 3.0) for
most conditions requiring anticoagulation.

As previously mentioned, when warfarin is started,
protein C levels fall more quickly than the other vitamin
K-dependent factors resulting in a transient prothrom-
botic state. Patients with underlying protein C defi-
ciency may be particularly at risk for warfarin-induced
skin necrosis, which appears typically on the breasts,
buttocks, and thighs. The safest method of instituting
warfarin therapy is the nonloading technique, adminis-
tering an average dose (we suggest 5 to 7.5 mg) orally
each day until INR is in the therapeutic range. Dose
alterations can be made, keeping in mind that a partic-
ular dose of warfarin is not reflected until the peak
effect 36 to 72 hours later. A heparin “bridge” should be
initiated prior to warfarin in order to counteract war-
farin’s transient thrombogenicity and in order to begin
to treat the clinical thrombosis. The target INR for
warfarin should be 2.0 to 3.0 for at least two days
before stopping the heparin. A more prolonged INR
places the patient at increased risk of bleeding compli-
cations. It may be continued longer or indefinitely in
patients with ongoing risk factors for venous throm-
boembolism. For patients who cannot take warfarin
(e.g., pregnant women) full dose subcutaneous LMWH
may be administered (usually 1mg/kg daily) for
extended periods of time.
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d. Leg pain and swelling can range from mild or
absent with calf thrombi to severe with larger and more
proximal iliofemoral thrombosis. Leg elevation above
the level of the heart is important to minimize swelling.
Bedrest is no longer considered standard for smaller
DVTs, and patients are permitted to ambulate ad lib.
Before discharge, patients should be fitted for 30 to 40
mm Hg compression stockings, which are part of a long-
term strategy to minimize the morbidity associated with
postphlebitic syndrome. The consistent use of com-
pression hose for several years after proximal
DVT is the only therapy proven in randomized tri-
als to reduce the risk of developing symptoms of
post-thrombotic syndrome such as skin changes
and ulcers.

e. The role of catheter-directed thrombolytic ther-
apy for acute DVT is still debated despite clinical evi-
dence demonstrating its effectiveness in proximal DVT
of less than 72 hours in duration. The initial goal of
treating DVT is to prevent clot propagation and PE.
Although standard treatment with anticoagulation
treats this problem, it does not prevent the long-term
sequelae of post-thrombotic syndrome. Years afterward,
only a minority of patients are completely recanalized,
whereas most have residual obstruction and valvular
damage. Patients with iliofemoral DVT are particularly
at risk for developing severe post-thrombotic syndrome.
Intuitively, early lysis of the thrombus would seem ben-
eficial and support for this lies with studies demon-
strating that early spontaneous recanalization more
often results in preserved valvular function.

The National Venous Registry has reported a
large experience from a number of centers using
catheter-based techniques of pharmacologic
thrombolysis. Complete lysis was achieved in 65%
of patients. Among those who had a first-time DVT
and experienced complete lysis, 96% maintained a 1
year vein patency. Favorable results are also seen in
quality of life questionnaires at follow-up 1 to 2 years
later. Thrombolysis is contraindicated in patients with
recent internal bleeding (within 2 months), cerebrovas-
cular accidents, or other active intracranial disease. It
also may cause serious hemorrhage after recent (within
about 10 days) major surgery or obstetric delivery, organ
biopsy, and previous puncture of a noncompressible ves-
sel. Although life-threatening complications such as
intracranial hemorrhage are rare (<1%), careful patient
selection is important to minimize this risk. In addition,
thrombolytic therapy must be used only by physicians
who are completely familiar with its dosage and con-
traindications and in a setting in which therapy can be
continuously monitored. Catheter-directed thrombolytic
therapy for DVT has yet to be compared to standard
anticoagulation in a large randomized trial. Long-term
follow-up in such a trial would be needed to determine
the potential impact on post-thrombotic syndrome.
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The technique of venous thrombolysis is most often
used in patients with extensive iliofemoral thrombosis
and/or phlegmasia cerulea dolens. With the patient in a
prone position, the popliteal vein can be accessed via
ultrasound guidance, and a sheath is placed in the
femoral-popliteal vein. Many clinicians have combined
the use of mechanical thrombolysis using one of several
commercially available devices with pharmacologic lysis
(Chapter 11). The mechanical component allows for
debulking of the thrombus, and can hasten the process
of thrombolysis and may reduce the amount of throm-
bolytic needed to achieve an acceptable result. The
Angiojet (Possis Medical, Minneapolis, MN) is one
mechanical thrombectomy device that functions by cre-
ating a Venturi effect to break up and then evacuate the
thrombus. A thrombolytic catheter (e.g., “soaker hose
catheter”) with multiple side holes is then positioned
within the clot, and lytic agent can be infused at a con-
tinuous rate. Low dose heparin infusion is usually
administered through the sheath concomitantly. Veno-
grams are performed over 12-hour intervals to monitor
the success of lysis. During this period, patients are
monitored in the ICU, with periodic checks of the aPTT
and fibrinogen levels. Bleeding at the sheath site may be
treated by holding the lytic agent temporarily. Once
lysis is complete, venography and intravascular ultra-
sound should be used to evaluate for residual stenosis.
These stenoses are best treated by venoplasty and occa-
sionally stenting.

Subclavian-axillary venous thrombosis may be
associated with central venous catheters or thoracic out-
let syndrome. If a catheter is present in the affected vein,
it should be removed and systemic heparin administered
just as for lower-extremity DVTs in order to minimize
the risk of PE. Catheter-directed thrombolytic therapy is
encouraged in younger patients with thoracic outlet syn-
drome and effort thrombosis (i.e., Paget-Schroetter syn-
drome). This may be performed via a lytic catheter
inserted through the antecubital or basilic vein into the
subclavian vein. Of course, definitive treatment requires
surgical correction of the thoracic outlet compression
once the vein has been recanalized with the thrombolytic
therapy. This operation involves removal of a portion of
the first rib, removal of a cervical rib (if present), division
of any fibrous or constricting bands, and release of sca-
lene muscle compression (Fig. 5.1 and Chapter 18). The
timing of thoracic outlet surgery is controversial. While
some advocate delay between thrombolysis and surgical
treatment of 2 to 3 months, others prefer to treat the tho-
racic outlet during the initial hospitalization. Regard-
less, warfarin should be continued for a period of at least
3 months after the acute thrombosis.

f. Surgical thrombectomy for acute DVT has had
less than spectacular results over the years. Nonethe-
less, patients with phlegmasia cerulea dolens who are
not candidates for thrombolysis should be considered for
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this rarely performed procedure. An arteriovenous fis-
tula is performed at the end of the procedure in order to
help maintain long-term venous patency. Surgical
thrombectomy is not a substitute for anticoagulation, as
full heparinization followed by conversion to warfarin
must be continued after the procedure to prevent early
rethrombosis.

g. The management of DVT during pregnancy
begins with the establishment of a solid diagnosis, usu-
ally made with duplex, although MRV can be useful for
cases of proximal DVT. V/Q scan is the test of choice to
rule out PE during pregnancy, as it avoids the radiation
exposure associated with CT. Warfarin crosses the
placenta and is contraindicated during preg-
nancy. Subcutaneous LMW heparin provides an
adequate means of full anticoagulation, and has a
lower risk of osteoporosis and heparin-induced
thrombocytopenia when compared to long-term

UFH. Full anticoagulation is accomplished using

LMWH during the pregnancy and then near the time of
delivery, the patient is admitted for a “heparin window.”

The LMWH is stopped and intravenous heparin, which

has a short half-life, is started. The intravenous heparin

is stopped prior to the delivery and then restarted fol-
lowing the delivery. Temporary vena cava filters have
been used in pregnant women at high risk for PE, and
must be placed in a suprarenal position in order to pre-
vent compression by the gravid uterus.
3. PE is a potentially life-threatening event from acute
DVT. Many patients with clinically silent DVTs experience
PE as their initial clinical presentation. Untreated, the
mortality of PE is extremely high. In some situations, such
as unexplained and rapid cardiopulmonary demise, there
may be a role for empiric initiation of treatment (heparin)
until diagnostic testing can be completed.

PE also requires systemic heparinization followed by
long-term oral anticoagulation. The dosages methods of
administration and duration of therapy are the same as
those used for acute DVT. Heparin and warfarin are
intended to prevent further thromboembolism or clot prop-
agation within the lung. They do little to resolve an exist-
ing thrombus. In select patients with massive acute PE,
intravenous thrombolytic can be administered. One regi-
men is 100 mg of tPA intravenously over 2 hours. Emer-
gency pulmonary embolectomy either by percutaneous
suction catheter or surgery is indicated for salvageable
patients who have documented massive PE and persistent
refractory hypotension despite maximum medical therapy.
In select patients with chronic organized pulmonary
thromboemboli and pulmonary hypertension, elective pul-
monary embolectomy also may improve chronic hypoxia
and respiratory disability.

Vena cava filter placement is indicated for recur-
rent PE in patients who are fully anticoagulated or
in situations where anticoagulation is contraindi-
cated or not possible. Contraindications to anticoagula-
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tion usually include gastrointestinal hemorrhage, recent
stroke or neurosurgery, or hemorrhage requiring transfu-
sion after anticoagulation was started. Elderly patients at
high risk for falls may also be poor candidates for antico-
agulation. Filters are usually deployed in the inferior
vena cava below the renal veins and function by cap-
turing thromboemboli and preventing them from
traveling to the pulmonary arteries. Vena cava filters
can be placed percutaneously under fluoroscopic or ultra-
sound guidance via a femoral or jugular approach.

In general, filter placement is a safe and quick procedure
that can be performed in an angiogram suite or at the bed-
side in the intensive care unit in critically ill patients. Com-
plications of vena cava filters include misplacement,
recurrent PE (<5%), caval occlusion or thrombosis, migra-
tion, and caval penetration. Relative indications for filter
placement have increased with the use of retrievable “tem-
porary” filters. For example, filters have been placed in
patients at high risk for venous thromboembolism, such as
after major trauma or spinal cord injury and around the
time of bariatric surgery. The retrievable filters can be
removed with a second percutaneous procedure after a
period of presumed thrombogenicity is over. However, long-
term complications after permanent filter placement are
rare, and the advantages of retrievable filters have yet to
be shown in prospective trials.
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cHAPTER 20

Hemodialysis Access

In 1972, an amendment to the Social Security Act provided
Medicare coverage for patients suffering from end-stage renal
disease (ESRD). The magnitude of the current expenditure is
impressive, with over $19 billion spent on almost half a million
patients with ESRD in 2005. Nearly 350,000 patients are dialy-
sis dependent, with diabetes and hypertension the leading
causes of ESRD, respectively. Patients with ESRD also suffer
from a higher incidence of comorbid conditions such as chronic
anemia, congestive heart failure, peripheral arterial disease, and
metabolic bone disease. The five-year life expectancy of a patient
on dialysis is merely 25%, with the largest percentage of deaths
occurring from cardiac causes. With an aging population of
ESRD patients, the magnitude of medical care and economic
burden is expected to rise dramatically.

Procedures involving dialysis access are the most common
vascular surgical procedures performed in the United States. A
well-functioning and durable vascular access is truly a “lifeline”
for patients on hemodialysis. Patients with a poorly functioning
access or central venous dialysis catheters have increased mor-
bidity and suffer frequent hospitalization for access-related com-
plications such as thrombosis or infection. Management of
vascular access requires the coordinated efforts of health care
providers and a well-informed patient. The ideal care paradigm
uses a multidisciplinary team of nephrologists, surgeons and
interventionalists, dialysis nurses and technicians, diabetes edu-
cators, dieticians, and social workers. Patients with ESRD
should be referred early to a vascular surgeon, prior to initiating
dialysis, in hopes of establishing autogenous access (e.g., native
arteriovenous fistula). Unfortunately, one of the most predictable
aspects of chronic hemodialysis is the need for additional proce-
dures in order to achieve, maintain, or restore access patency.
Consequently, this chapter focuses on essentials in the initial
evaluation, placement, and revision of hemodialysis accesses.

I. Indications for dialysis.

Chronic kidney failure from a loss of nephrons is measurable by
a decrease in the glomerular filtration rate (GFR). A patient’s
GFR can be estimated from a formula using variables for serum
creatinine, age, race, and gender. Chronic kidney failure with a
GFR <15 mL/min is considered ESRD and correlates with the
need for dialysis. Acute renal failure, which can result from a
variety of etiologies, may also require dialysis. Dialysis is indi-
cated when one or more of the following of the following clinical
problems are present:

A. Hyperkalemia (>6 mEq/L), especially when accompa-

nied by ECG or neuromuscular abnormalities, requires imme-

diate dialysis. Dietary restriction and potassium-bonding
resins may suffice for lower levels of hyperkalemia.

B. Fluid overload is another indication for both acute and

chronic dialysis. This includes patients who have not

responded satisfactorily to fluid restriction and diuretics.

334
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C. Worsening acidosis results from the kidneys’ inability to
excrete hydrogen and resorb bicarbonate, and represents an
indication for hemodialysis.
D. Drug overdose is a less common indication for hemodial-
ysis but one that occasionally arises in an emergency room or
critical care practice.
E. Uremic signs and symptoms are the most common indi-
cation for chronic dialysis as blood-urea-nitrogen (BUN) and
serum creatinine levels rise. Neurologic symptoms related to
uremia include lethargy, seizures, myoclonus, and peripheral
neuropathy, and it has been shown that mortality and mor-
bidity can be reduced if the BUN level is maintained below
100 mg/dL.
II. Access Planning.
First, whether dialysis is intended to be temporary or perma-
nent must be ascertained. Patients who develop acute renal fail-
ure in the setting of previously normal renal function will often
recover over a period of days to weeks. In contrast, patients who
develop acute renal insufficiency in the setting of chronic renal
failure are likely to require chronic dialysis. Patients with chronic
renal failure (GFR <25 mL/min) should be referred to a vascular
surgeon, preferably months to a year in advance of dialysis. The
goal of initial consultation should be to obtain a thorough history
and to perform an examination, with a focus on the potential
options for vascular access. This visit should allow enough time
for the creation and maturation of an autogenous arteriovenous
(AV) fistula, whenever possible. Even when an autogenous fistula
is not an option, establishing a rapport between surgeon and
patient helps to facilitate realistic expectations regarding the
location and durability of future access procedures.
A. A history of all prior access procedures should be
recorded. The original date, type (fistula or graft), and loca-
tion (forearm, upper arm, or thigh) for each access should be
noted, in addition to the dates and methods of failure (e.g.,
thrombosis, infection, failure to mature). It is also important
to ask about the number, location, and duration of prior cen-
tral venous catheters. Patients with a history of indwelling
catheter access have a significant probability of central venous
stenoses or occlusions in the subclavian, jugular, and/or
innominate veins. Right or left handedness is also noted, with
preference for access placement given to the nondominant
arm. However, even when the dominant arm harbors a more
suitable vein the authors prefer an autogenous fistula in this
arm rather than a prosthetic graft in the nondominant arm.
1. Medical comorbidities such as poor cardiac function
should be determined, as these can limit the long-term suc-
cess of hemodialysis access. The choice of anesthesia (gen-
eral, regional, or local) may also be influenced by the
presence of serious comorbidities. Lastly, the presence of
diabetes should be noted, as diabetics have overall the
worst results with dialysis and pose a higher risk for hand
ischemia due to steal from access procedures.
2. The use of antiplatelet and anticoagulant medica-
tions should be noted and in some cases these should be
held, depending upon the type of medication and/or planned
access operation. These medications are particularly
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important to note, as patients with ESRD typically have
platelet dysfunction as a consequence of associated uremia
or thrombocytopenia. Generally, aspirin can be continued
throughout most if not all access operations, although
for those such as a basilic vein transposition that require
larger incisions, one may consider stopping aspirin 5 days
prior to the case. Because clopidogrel (Plavix) is a more
potent antiplatelet agent, it should be held 7 to 10 days
prior to elective access operations to reduce the risk of
bleeding complications such as hematoma (Chapter 7). Sim-
ilarly, because warfarin provides full anticoagulation, it
should be held prior to access operations, although the anti-
coagulant effects typically wear off within 4 to 5 days. This
can be confirmed by drawing a coagulation panel from the
patient prior to the access operation.
3. Smoking negatively influences long-term access
patency and all patients should be encouraged to quit pre-
operatively and provided access to formal smoking cessa-
tion programs if available (Chapter 7).

B. Physical examination is the primary determinant for

the hemodialysis access site.
1. Surgical scars and location of previous access proce-
dures are noted, including percutaneous or tunneled cen-
tral venous catheters. Skin conditions must be noted for
signs of infection or other dermatologic disorders that
would impair healing.
2. The axillary, brachial, radial, and ulnar pulses
should be palpated and blood pressure recorded in
both arms. Decreased pulses or a difference in blood pres-
sure of more than 10 mm Hg may indicate proximal arte-
rial occlusive disease on the side with the lower pressure.
The proximal subclavian arteries in the area of the supra-
clavicular fossa should also be auscultated, as the presence
of a bruit would suggest an underlying arterial stenosis.
Underlying arterial occlusive disease (i.e., inflow disease) is
critical to recognize prior to the access procedure, as once
the fistula is created, flow across any proximal arterial dis-
ease will increase, resulting in a decrease in pressures. This
phenomenon is well recognized and can result in failure of
the dialysis access, distal ischemia (i.e., steal), or both.
3. Perfusion of the hand should be thoroughly exam-
ined prior to creation of an upper-extremity dialysis
access site. Specifically, performance of the Allen test
provides a good assessment of radial and ulnar artery
patency as well as patency of the palmar arch in the hand.
This evaluation is especially important when planning for
an access configuration that will use the radial artery as
the inflow vessel (e.g., radiocephalic fistula). The dominant
artery to the hand in more than 85% of patients is the ulnar
artery, and confirmation of this indicates that diversion of
flow from the radial artery will not significantly reduce per-
fusion to the hand. If during the Allen test the radial artery
is found to be the dominant artery supplying the hand, one
should consider using a different inflow vessel.

To perform the Allen test, first the hand should be

elevated for a brief period of time. Then, with the patient



Chapter 20. Hemodialysis Access 337

making a tight fist, the examiner should compress the
radial and ulnar arteries simultaneously. Separately, the
radial and then the ulnar artery should be released as the
examiner observes the opened hand for return of perfusion.
If the ulnar artery is the dominant vessel, perfusion (i.e.,
color) will not return to the hand until it is released.
4. The extremities should be examined for swelling
or edema, which would suggest the presence of central
venous outflow obstruction (e.g., subclavian or innomi-
nate veins). Just as arterial inflow disease can be exacer-
bated by creation of a high-flow AV fistula, a central venous
outflow obstruction can become quite symptomatic follow-
ing creation dialysis access in the effected arm.
5. The cephalic and basilic veins should be inspected for
patency and size. They should be palpated carefully for com-
pressibility (normal vein) or firm cords (chronic thrombosis).
Application of an upper arm tourniquet to increase distal
venous filling is sometimes helpful in delineating veins that
may be suitable for use in dialysis access configurations.
6. When peritoneal dialysis is being considered, the
abdomen should be examined for prior surgical
scars. Prior abdominal operations may compromise the
placement of a chronic peritoneal dialysis catheter.
C. Noninvasive vascular laboratory testing is a critical
part of the preoperative evaluation for hemodialysis access
and has been shown to increase effectiveness and durability of
access procedures.
1. Duplex ultrasound of the upper-extremity veins
should be performed before access configuration is consid-
ered. Suitable veins for fistula formation can be identified
by ultrasound that may be otherwise under-appreciated on
basic physical examination. Additionally, direct and indirect
evaluation of the central venous system can be achieved by
duplex, which is especially important in individuals who
have had prior central venous dialysis catheters. Studies
have shown an increase in the ability of the surgeon
to provide autogenous AV fistulas to his or her
patients if use of preoperative duplex is maximized.
These same studies report higher patency rates of such fis-
tulas with the use of preoperative duplex, and this modality
has also been found to be useful in sorting out patients who
have had previous access sites that have failed.
2. Measurement of segmental pressures of the upper
extremities can be helpful in select instances if the pulse
examination is abnormal or arterial occlusive disease is
suspected. Furthermore, formal duplex assessment of arte-
rial flow can provide anatomic and hemodynamic informa-
tion in complicated cases. In our experience, when bilateral
upper extremity blood pressures are equivalent and the
Allen test is normal, significant arterial inflow disease is
rarely present.
3. Duplex ultrasound of the central veins can be per-
formed if a proximal stenosis is suspected based on a his-
tory of multiple catheters, arm edema, or prominent venous
collaterals. This examination is relatively sensitive for the
detection of subclavian venous stenosis or occlusion,
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although complete visualization is limited by the structure
of the thoracic outlet. Central venous stenosis may occur in
10% to 50% of patients with a history of indwelling dialysis
catheters.
III. Vascular access options. Hemodialysis works by filtering
the patient’s blood to remove fluid, electrolytes, and toxins—func-
tions that are normally performed by the kidneys. To achieve this
end, the patient must have a dialysis access established that can
withstand high flows and repeated trauma from cannulation.
Establishing a connection between the arterial and venous sys-
tem is the most effective way to create such a high-flow circuit. A
direct connection between an artery and vein (i.e., AV fistula)
results in enlargement and thickening of the outflow vein. As the
vein matures, it undergoes “arterialization,” making it strong
enough to support hemodialysis. A prosthetic bridge graft can
also be used to connect an artery and vein (i.e., arteriovenous
graft), so that the graft and not a vein is punctured for dialysis.
An extremity is the most accessible and common location for
either type of dialysis access.

In 1997, The National Kidney Foundation published
evidence-based guidelines on all aspects of vascular
access, referred to as Kidney Disease Outcome Initiative
(K/DOQI). This consensus statement was revised in 2001 and
should be frequently referred to by vascular providers who care
for dialysis patients and perform access procedures. Foremost
among these recommendations is an emphasis on maximizing
the use of AV fistulas. Specifically, the initiative recommends
that autogenous AV fistulas make up more than 50% of new, per-
manent hemodialysis operations (Table 20.1). Historically, the
United States has lagged behind Europe in the use of native fis-
tulas for hemodialysis, despite statistical analyses controlling
for patient characteristics (e.g., obesity, diabetes, age). These
findings suggest that practice patterns in the United States may
be the major limitation to use of autogenous fistulas as the pre-
ferred access configuration. Nonetheless, there is a consensus
among clinicians that autogenous fistulas are preferred over
prosthetic AV grafts and catheters for hemodialysis, due to
greater durability and fewer complications (Table 20.1).

Table 20.1. Selected guidelines for vascular
access from the K/DOQI work group

1. 50% AVF placement in incident hemodialysis patients (i.e., first-
time patients)

2. 40% AVF usage in prevalent hemodialysis patients (i.e., patients
who have had dialysis access)

3. Less than 10% prevalent patients with chronic (>3 months)
catheter access

4. Order of preference for AV access
a. Wrist (radiocephalic) fistula
b. Elbow (brachiocephalic) fistula
c. AV graft with PTFE or basilic vein transposition

K/DOQI, National Kidney Foundation Kidney Disease Outcome Initiative; AV,
arteriovenous; PTFE, polytetrafluoroethylene; AVF, arteriovenous fistula.
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A. An autogenous AV fistula is the “gold standard” for
hemodialysis access and should be established at least one to
two months in advance of initiating dialysis. Following cre-
ation of the fistula, a 6- to 8-week interval must elapse to
allow maturation before it is ready for cannulation. Despite
this interval, about 10% to 30% of fistulas fail to mature, a dif-
ficult clinical scenario addressed in 9 of the 38 clinical practice
guidelines in K/DOQI. Recommendations are made for opti-
mal vein diameter and time for cannulation as well as direct
methods to enhance maturation such as hand exercises, liga-
tion of fistula side branches, and resting the fistula following
needle infiltration. Use of preoperative ultrasound mapping is
also important to minimize the use of a vein that is too small
or inadequate to support flow through the fistula.

A mature AV fistula provides excellent access for hemodial-
ysis and has the highest patency rates; 60% to 90% one year
and 40% to 70% over 2 to 3 years. These results are superior to
the 40% to 75% one-year patency and 25% to 50% 2- to 3-year
patency for prosthetic AV grafts. Patency also varies according
to the location of fistula, vein size, and comorbidities such as
diabetes. Secondary interventions such as thrombectomy,
angioplasty, and revision may improve long-term patency by
20% to 30%. Prosthetic AV grafts require a higher num-
ber of interventions than native fistulas to maintain
and restore patency, and infectious complications are
higher with grafts and catheters than with native fistu-
las. In fact, patients with AV grafts or catheters have a higher
mortality than those with an autogenous fistula, with infec-
tious etiologies accounting for the majority of this difference.

Numerous configurations of AV fistulas are possible in the
upper extremity. The hierarchy of fistula placement is typi-
cally the non-dominant before the dominant arm, and forearm
before the upper arm (Table 20.1). However, a more suitable
(larger) vein may be selected out of standard sequence. Like-
wise, concern for arterial insufficiency in the arm should
prompt further evaluation or selection of an alternative loca-
tion (e.g., the opposite arm). Common sites for a native AV fis-
tula in the upper extremity are as follows:

1. The original AV fistula was the Brescia-Cimino fis-
tula, which remains popular in clinical practice today (Fig.
20.1A). The anastomosis is constructed between the
cephalic vein and the radial artery at the wrist, most often
in an end-to-side fashion and is therefore also dubbed a
radiocephalic fistula. The location of this fistula at the
wrist makes it attractive for the initial access procedure,
because it does not “burn any bridges” further up the arm.
Veins that are 2.5 mm or larger by examination or ultra-
sound can be selected, although smaller veins can be used
if lower maturation rates are accepted. The Allen’s test
should indicate good ulnar collateral flow to the hand.

2. Brachiocephalic fistulas are created in the antecu-
bital region by an end-to-side anastomosis and are often
termed a cephalic vein turndown (Fig. 20.1B). A few
studies have shown superior maturation of brachiocephalic
fistulas over those at the wrist. The cephalic vein develops
in its superficial location on the lateral aspect of the upper
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arm, where it can be readily cannulated once the fistula is
mature.

3. A basilic vein transposition is another option for an
upper arm fistula (Fig. 20.2). Because the basilic vein lies
deep in the medial upper arm, the vein is dissected out and
then “transposed” into a superficial, subcutaneous tunnel
on the lateral surface of the upper arm. The distal vein is
then sewn to the brachial artery. The vein selected for a
basilic transposition should be 4 mm or larger in order to
provide the best chance of maturation. Because a long inci-
sion is required for this operation, regional block or general
anesthesia is often used, whereas simple fistulas can be
performed with local anesthetic and intravenous sedation.
Patients with large arm girth are not good candidates for
basilic vein transpositions because the length of transposed
vein may not be sufficient to reach the artery. Additionally,
wound complications in patients with obese arms are a sig-
nificant concern, which may lead to selection of another
access option.

Radial A.
Cephalic V.

Dorsal Branch
of Cephalic V.

(A)

Figure 20.1. (A) The radiocephalic (Cimino) fistula and brachio-
cephalic fistula are common forearm and upper arm AVFs,
respectively.
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Brachial A ——

Median Cubital V.

(B)

Figure 20.1. (continued) (B) The anastomosis is constructed from
the end of the vein to the side of the artery. After 6 to 8 weeks of
maturation, the outflow vein should be dilated and thickened
enough to cannulate on dialysis.

B. An AV graft is constructed by sewing a synthetic polyte-
trafluoroethylene (PTFE) bridge between an artery and vein
in one of many configurations. The authors’ first choice is a
loop graft placed in the non-dominant forearm, which in the
authors’ experience has been preferable to a straight forearm
graft from the radial artery to an antecubital vein. Straight
forearm grafts have a limited area for puncture and provide
unique challenges associated with sewing a larger prosthetic
graft to an often calcified smaller radial artery. Additionally,
these straight grafts appear to have decreased patency com-
pared with forearm loop grafts. The second choice for an upper
extremity graft is an upper-arm loop graft between the
brachial artery just proximal to the antecubital fossa and the
very proximal basilic or axillary vein. The lower extremity is
used only when the upper extremities can no longer accept
some type of hemodialysis access. Although grafts can be
placed in the groin area (e.g., saphenous vein to proximal
femoral artery), infection is a greater problem than in the
upper extremity, and patency rates are limited.
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— Axillary A.
Axillary V.

Subcutaneous
Tunnel

Brachial A.

Basilic V.

Figure 20.2. The basilica vein transposition is another option

for an upper arm AVF in patients with suitable vein. The vein is
transposed to a more superficial location in a lateral subcutaneous
tunnel.

One advantage of prosthetic grafts is that they can be anas-
tamosed to veins that are considered too small for autogenous
fistula formation with reasonable patency. Although an auto-
genous fistula should be created in advance of dialysis in order
to allow time for maturation, the same is not true for pros-
thetic grafts, which can generally be used within 14 days of
placement. This advantage notwithstanding, the graft should
be examined by the surgeon prior to dialysis, as use prior to
graft incorporation can result in subcutaneous hematomas
and wound complications. If the patient is not a candidate for
an autogenous fistula the AV graft should be deferred until
dialysis is imminent because of the risk of failure in the inter-
vening time period.

C. A variety of dialysis catheters are available for acute
hemodialysis that provide quick percutaneous access. These
catheters may be used for days to weeks depending upon
whether or not they are of the long, tunneled configuration or
are short and not designed to be tunneled. Infection and cen-
tral venous thrombosis are common complications associated
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with this form of hemodialysis and limit its long term and
repeated usage. The internal jugular vein is preferable to
the subclavian vein for the site of access, as chronic subcla-
vian vein catheterization is associated with thrombosis and/or
stenosis with risk of dysfunctional hemodialysis access in the
upper extremity. Prolonged catheterization through the jugu-
lar vein can also lead to innominate vein or superior vena cava
stenosis, although it is less common than that following sub-
clavian vein cannulation.
1. The most common dialysis catheters (Shiley, Vas-
Cath, or Quinton catheters) are short, noncuffed, dual-
lumen catheters placed percutaneously using the Seldinger
method.
2. Cuffed dialysis catheters (PermCath or VasCath) are
longer, designed to be tunneled under the skin, and placed
when prolonged catheterization (>2 to 3 weeks) is antici-
pated. Initial vein access is similar to the noncuffed
catheters, except that these are brought through a subcuta-
neous tunnel on the chest wall, which offers stability and
provides resistance to infection. These catheters are rela-
tively soft and well tolerated by patients and will often func-
tion for weeks or even months. Again, central venous
thrombosis and catheter infection are the complications that
generally necessitate catheter removal.
D. Chronic peritoneal dialysis is another alternative pre-
ferred by some patients. This form of dialysis can be performed
at home and generally at a lower cost than hemodialysis. The
major long-term disadvantage is the possibility of recurrent
infection (i.e., bacterial peritonitis). For patients with difficult
upper-extremity access for hemodialysis, chronic peritoneal
dialysis becomes an important option.
IV. Perioperative care.
A. The indications for dialysis, the type of dialysis, and
potential complications should be discussed with the
patient and family members prior to the operation. In particu-
lar, infection, thrombosis, and ischemic steal syndrome of the
hand should be explained. Additionally, the authors find it use-
ful to establish realistic expectations with the patient and his
or her family with regards to patency rates and need for repeat
procedures, including access attempts at alternative sites.
B. Prophylactic antibiotics (e.g., cefazolin 1 g) given
within one hour of the procedure may reduce the risk of infec-
tion, especially in cases where a prosthetic graft is being used.
C. Most extremity hemodialysis procedures can be performed
under local anesthesia with intravenous sedation. A sup-
plemental axillary block may be necessary, depending upon
the location of the access, and general anesthesia may also
be preferable in some instances of high upper arm cases
(e.g., basilic vein transposition). It is important for the sur-
geon to discuss the location of the access and antici-
pated anesthesia requirements before any such plan is
initiated.
D. Although anticoagulation is not mandatory, a small dose
of heparin (e.g., 2,000 to 5,000 units) is often used prior to
occluding arterial flow and creating the anastomosis. Heparin
may reduce the risk of early thrombosis in locations where
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vasoconstriction may initially cause lower flow rates. Prota-
mine may be used to reverse the heparin effect at the comple-
tion of the operation in order to minimize bleeding.

E. Skin incisions over a prosthetic AV graft should be con-
structed so that there is good tissue coverage at the end of the
procedure. Whenever possible, skin incisions should not be
placed directly over the course of a synthetic graft.

F. When the access has been completed, it is essential to check
the presence of pulses at the wrist and good perfusion in the
hand. Additionally, it is helpful to auscultate flow in the palmar
arch with a continuous-wave Doppler unit. The loss or diminu-
tion of wrist pulses and the absence of Doppler flow in the pal-
mar arch are harbingers of postoperative hand ischemia.

G. Postoperatively, the extremity should be placed at a posi-
tion of comfort. Generally, it does not need to be elevated. In
fact, elevation may exacerbate hand ischemia in patients who
have marginal perfusion following placement of the AV circuit.
Finally, constrictive bandages or wraps should be avoided, as
they may limit flow through the fistula or graft placed in a
superficial position.

H. The access should be checked for patency within 6 hours of
placement. The two most reliable signs of patency are the pres-
ence of a palpable thrill and audible bruit heard with a
stethoscope over the venous anastomosis and distal vein. A
handheld Doppler will not pick up flow over a fresh prosthetic
graft because porosity in the graft material and air in the tis-
sues impede the Doppler transmission. Once the graft becomes
incorporated into the tissues, a Doppler may be effective.

I. Development or maturation of an autogenous fistula may
be aided in some patients by performance of daily exercise of
the hand (e.g., squeezing a soft, rubber ball).

J. The hand must be checked for symptoms or signs of
ischemic steal syndrome. The earliest symptom is numb-
ness of the fingers, although in the setting of severe steal, pro-
gressive paresis of the intrinsic muscles of the hands will
evolve over 24 hours. An absent radial pulse that was previ-
ously present is the key physical finding in such patients.
Additionally, patients with hand ischemia will have monopha-
sic or no Doppler signals over the radial, ulnar, and palmar
arteries. If ischemic steal syndrome is present and pro-
gressive, early intervention is warranted. However, many
cases of steal are more subtle and develop weeks to months
after access placement. In such instances patients may com-
plain of pain or numbness in the hand only during hemodialy-
sis, when episodes of hypotension exacerbate the symptoms
of steal.

Although ischemic steal can usually be diagnosed on clinical
grounds alone, additional testing can be helpful. Digital photo-
plethysmography demonstrates dampened arterial waveforms
in the fingers in the presence of steal syndrome that improve
or return to normal with manual compression of the access
site. Arteriography should be reserved for severe or progressive
forms of steal and is used to rule out arterial inflow stenoses.
Increasingly, endovascular techniques such as balloon
angioplasty are being applied to treat the underlying
inflow stenosis responsible for the symptoms of steal.
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During diagnostic arteriography, steal is confirmed when com-
pression of the access results in filling of the forearm and/or
digital arteries distal to the access site.

Ligation of the hemodialysis access is a straightforward
treatment for ischemic steal, eliminating flow through the
fistula or graft and restoring perfusion to the hand. This
option, however, leaves the patient without dialysis access and
should be reserved for very ill patients or when other options
are not feasible. An alternative is to decrease flow through the
shunt by “banding,” which narrows the flow channel by one of
several techniques. Small Weck clips can be applied along the
side of the proximal access for approximately 1 cm or a PTFE
ring of fixed diameter can be placed around access to narrow
its lumen. Wrist pulses will usually increase and Doppler sig-
nals of the palmar arch will improve if the banding is effec-
tive. Ultimately, banding is imprecise and the ability to achieve
a balance between treating steal and occluding the shunt is
difficult.

A more effective treatment for ischemic steal is referred to
as distal revascularization and interval ligation (DRIL)
(Fig. 20.3). In the upper extremity DRIL involves bypassing an
identified inflow stenosis using a saphenous vein conduit from
the proximal to the distal brachial or ulnar artery. The inter-
vening brachial artery segment is ligated to prevent retro-
grade flow back into the access. This method of bypass restores
flow into the forearm and hand beyond the access site while
leaving the dialysis configuration intact.

V. Late complications. The most important complications
that occur with hemodialysis are chronic hand ischemia,
infection, dysfunction, failure (i.e., thrombosis) or forma-
tion of pseudoaneurysm along the dialysis channel.
A. Infection is uncommon with an autogenous AV fistula;
however, synthetic dialysis grafts are more susceptible. Physi-
cal exam findings of erythema, induration, tenderness, and
drainage from or around incisional sites are pathognomonic for
infection. Occasionally, a patient will present with a fever of
unknown origin and minimal signs of local graft infection. In
these instances a positive blood culture may indicate a more
subtle graft infection and duplex ultrasound may identify fluid
around the graft. An indium-labeled white blood cell scan may
also localize infection to the graft in more subtle cases. An
infected synthetic graft must be removed entirely, although a
localized infected segment can occasionally be resected with a
new segmental bypass around the infected area.
B. Pseudoaneurysm is another relatively common problem
of chronic synthetic AV grafts. These aneurysms occur from
repeated puncture over a particular site where the wall of the
graft weakens, and duplex is the best way to diagnose and
characterize these areas. Pseudoaneurysms can gradually
erode through the skin and lead to hemorrhage and should be
repaired by resection of the pseudoaneurysm site and grafting
around the area.
C. A dysfunctional AV access is a common problem
referred to the surgeon or vascular interventionalist. Essen-
tially, there are two categories of dysfunctional AV access: (1)
improper function since placement (e.g., nonmaturation of an
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Figure 20.3. The distal revascularization and interval ligation
(DRIL) procedure can be used to treat ischemic steal, which occur
with an incidence of about 5% with vascular access procedures.

In the upper extremity, a brachial-brachial bypass is constructed

to restore blood flow to the hand, and the segment of brachial artery
between the distal bypass anastomosis and the distal access anasto-
mosis is ligated to prevent steal. Long-term patency of the DRIL is
80% to 90%.

autogenous AV fistula), or (2) a failing access site that had pre-
viously functioned well.
1. Diagnosis. Findings on physical examination or
during dialysis can be useful for identifying the dysfunc-
tional access site. Reasons for reevaluation of the access
include
a. Weak or diminished thrill,
b. Significant arm edema
c. Prolonged bleeding after needle withdrawal
d. Increased venous pressures
e. Poor flows during the dialysis run
f. Inadequate hemodialysis
g. Difficulty with cannulation
Although often performed, routine surveillance with
duplex ultrasound is not generally recommended after
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access placement, as this has not been shown to improve
long-term patency.
2. Etiology. Failure of an autogenous AV fistula to mature
may result from a technical problem; abnormal arterial
inflow; or inadequate (small) vein, damaged vein, or central
venous stenosis. These causes also account for the majority
of early dysfunctional prosthetic AV grafts. In contrast, the
late finding of a failing graft is most often caused by myoin-
timal hyperplasia at the venous anastomosis in over 80% of
cases. Venous outflow problems, whether in the arm or cen-
tral vein, tend to cause edema and “pulsatility” in the access
that can be appreciated on examination. A very high-
pitched bruit may also indicate a venous outflow stenosis.
3. Salvage of a dysfunctional AV dialysis access may be
possible under many circumstances. However, revised
accesses have a lower long-term patency compared with
non-revised accesses, even when proper function is restored.
In general, repeated intervention for treatment of a dys-
functional access is the rule, rather than the exception.
The standard test for a dysfunctional AV access is duplex
ultrasound followed by a fistulogram (i.e., an angiogram
of the AV fistula) in certain cases. To perform the
angiogram, percutaneous access is obtained to the flow
channel and a small sheath is placed, generally using ultra-
sound or fluoroscopic guidance. Contrast dye is injected in
order to examine the entire access, including the inflow and
outflow anastomoses as well as a central venogram to look
for more proximal obstructive lesions limiting outflow.
Duplex ultrasound should be performed prior to the fistulo-
gram to identify and localize hemodynamically significant
stenoses.
a. Endovascular techniques are most commonly used
to treat dysfunctional AV dialysis fistula. Myointimal
hyperplasia at an anastomosis can be treated effectively
in the short- to mid-term with percutaneous angioplasty
(PTA) using standard, high-pressure, or even cutting bal-
loons. Short segment stenoses in the outflow vein and
central venous stenoses are also amenable to PTA and/or
stenting. Frequently, additional interventions are needed
in order to maintain patency. The long-term durability of
percutaneous treatment for central venous stenosis is
poor, reported to be in the wide range of 11% to 70% at
one year.
b. Open surgical treatment is also effective for the treat-
ment of dysfunctional AV access and should be tailored
to the underlying problem. Patch angioplasty can be
used to treat a stenosis at either the arterial or venous
anastomosis. An interposition graft or an extension
bypass (jump graft) to more proximal vein can also be
used to address venous outflow stenoses. Surgical treat-
ment of central venous stenosis is more durable than
endovascular methods, but surgery on the chest harbors
much higher morbidity.
D. Thrombosis is usually the endstage of a chronically dys-
functional access, although it may also occur in the absence of
previous dysfunction and be due to hypotension, a hypercoagu-
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lable condition, or an otherwise ill-defined reason. Once an
access site has thrombosed it cannot be used for dialysis un-
less a high rate of AV flow can be restored within the access.
Although prosthetic AV grafts can often be salvaged by throm-
bectomy (i.e., removal of thrombus or clot), complete thrombus
removal from autogenous AV fistulas is less likely and often
leads to re-thrombosis. Thrombectomy can be performed by a
variety of techniques. Open surgical thrombectomy using a cut-
down and retrieval of clot with a Fogarty thrombectomy
catheter is often combined with completion angiogram (i.e., fis-
tulogram) to evaluate for any underlying causative lesion.
When identified, the stenosis can be treated concomitantly
with endovascular techniques or open revision. Purely
endovascular techniques are also effective and may include
mechanical thrombectomy with specifically designed devices
(e.g., Angiojet, Possis, Minneapolis, MN, U.S.A.) or with throm-
bolytic drugs such as tissue plasminogen activator (TPA). In
this setting it is essential to correct any flow-limiting problems
(e.g., stenoses) identified in the access configuration following
the thrombectomy, in order to prevent early re-thrombosis.
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A

Abciximab, 26

Abdomen, arterial system
examination of, 37-38

Abdominal bruit, in chronic
intestinal ischemia, 285

Abscesses, foot, 235

ACE inhibitors, 73-74, 93, 270,
271, 273, 278

Acetylcysteine, 117

Acrocyanosis, 297, 297¢, 298, 303

Activated protein C (APC)
resistance, 23, 24-25, 322

Acute aortic occlusion, 37

Acute arm ischemia, 34, 304

Acute limb ischemia, 140, 200,
221-223, 266, 268

categories of, 202¢

Acute mesenteric ischemia, 37

Acute venous thrombosis, 18, 28,
34, 268

Adenosine, 91

Adson’s test, 36

Adventitia, anatomy of, 2-3

Agnogenic myeloid metaplasia,
28

Air plethysmography (APG),
51

ALARA (as low as reasonably
achievable), 156

Alcohol, 75-76, 80

Allen’s test, 336, 337, 339

Amaurosis fugax, 33, 160, 161

bright light, 161

Ambulatory venous hypertension,

19, 310
American Diabetes Association,
76
American Heart Association, 83,
253
&-Aminocaproic acid, 140
Amplatz wire, 130
Amputation. See also Limb loss,
threatened
and arterial bypass, lower
extremity, 235-236
in diabetics, 76
level selection for, 209¢

operative technique for
above-knee, 231-232
below-knee, 232
mid-foot and forefoot, 230
Anastomotic pseudoaneurysm,
245
Anesthesia
for aortic surgery, 104-107
for arterial embolism, 110
balanced, 109
for carotid artery surgery,
107-109
endotracheal, for
cerebrovascular disease, 180
general, 108, 109
for lower extremity
arterial reconstruction,
109-110
ischemia, 110
venous procedures, 110-111
patient positioning for, 103
physiologic monitoring for,
101-103
core temperature, 103
minimum, 101
pulse oximeters, 101
Swan-Ganz pulmonary
artery catheter (PAC),
102
transesophageal
echocardiography, 103
vascular cases, 101-102
regional, 109, 110

Aneurysm, 7, 9-10, 36

abdominal aortic, 37,
248-262 (See also
Aneurysm, abdominal
aortic)

angiography for, 114

brain, 33

carotid artery, 33

CT for, 248, 251, 252, 254, 255,
260, 262

of femoral artery, 266—267

inflammatory, 38

internal iliac artery, 38

pathophysiology of, 7, 9-10

popliteal, 267-268
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Aneurysm (Cont'd)
thoracoabdominal aortic,
262-264 (See also
Aneurysm,
thoracoabdominal aortic)
ultrasound for, 248, 249, 250,
251, 255, 260, 262
Aneurysm, abdominal aortic, 37
complications in, postoperative,
261
epidemiology of, 248
follow-up for, 261-262
intra-abdominal disease and,
260-261
management of, 254-256
natural history of, 248-250
operative indications for,
250-251
postoperative care for, 261
preoperative evaluation for
aortography in, 253
medical risks in, 253
size and extent in, 251-252
vascular disease and, 253-254
preoperative preparation for,
254
repair and stent graft therapy,
256-260, 261
Aneurysm, thoracoabdominal
aortic
operative principles for, 264
postoperative course for, 264
preoperative evaluation for,
262-264
Aneurysm Detection and
Management (ADAM) trials,
249, 251
Angina, intestinal
nutritional status on, 287-288
Angiography, 113-122. See also
specific types, e.g., Digital
subtraction angiography
access vessel, selection of,
117-119
for aneurysm, 114
contrast nephrotoxicity in, 143
diminished pulses and, 118, 145
hemorrhage from, 117
indications for, 113-115
informal consent for, 113-114
methods of, 119-122
preparation for, 115-117
Angiojet, 140, 141, 330, 348
Angioplasty
aortoiliac, 207

balloon, 119, 120, 178, 210, 344
indications for, 132-133
mechanisms of, 134
for renovascular hypertension,

275, 280-281

percutaneous transluminal, 89,

133-135, 134¢, 274
for limb ischemia, 210
subintimal, 133, 133f
Angioscopy
intraoperative, 231
Angio-Seal, 143
Angiotensin I, 271
Angiotensin II, 271, 278
Angiotensin receptor blockade,
73
Angle of insonation, 51, 62
Angled glide catheters, 131
Ankle-brachial indices (ABIs), 7,
32,42
in noninvasive vascular testing,
52-53, 54¢, 55f
treadmill, 57
Ansa cervicalis nerve, 181
Anticardiolipin antibody, 27, 321
Anticoagulants, 180
for abdominal aortic aneurysm,
256
for angiography, 116
for angioplasty, 169, 179
circulating lupus, 27
for deep venous thrombosis,
308¢, 327

for hemodialysis, 335-336

for lower extremity claudication
procedures, 214-215, 222,
236

lupus, 322

in postoperative care, 188, 236

skin necrosis from, 24, 28-29

Antihypertensives, 73, 273

long-term, 302

in preoperative preparation,

180, 278
Antineoplastic drugs, 28
Antiphospholipid syndrome, 27
Antiplatelet drugs, 76-78, 110,
116, 144, 145, 165, 166, 170,
188, 236, 239, 323, 335-336
for angioplasty, 76
Antithrombin IIT deficiency,
23-24, 321, 322
Aorta, abdominal, 9, 10
control of, 197, 267
pulse of, 37
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Aortic arch, 143-144
anatomy of, 162f
Aortic cross-clamp
placement of, 106
release of, 107
Aortic dissection, 248
classifications of, 265/
management of, 266
preoperative evaluation for, 265
Aortic surgery, anesthesia for,
104-107
Aortocaval fistula, 248
Aortoenteric fistula, 242, 248
Aortography, for abdominal aortic
aneurysm, 253
Aortoiliac disease, 197-198
with femoropopliteal occlusive
disease, 37, 198, 208-217
Aortoiliac endarterectomy,
209-210
Aortoiliac reconstruction, 212,
215f
Aphasia, 32, 160
Apoptosis, 138, 154
Argatroban, 26, 308¢, 327
Arixtra, 308t
Arrhythmias, with hypotension,
105
Arterial blood gas test, 325
Arterial disease, 1-11, 203¢. See
also specific types, e.g.,
Angina, intestinal
arterial anatomy in, 2-3
etiology of, 3-6
natural history of, 10-11
pathophysiology of
aneurysmal, 7, 9-10
occlusive, 6-7
small-vessel, 299
Arterial embolism, 220
anesthesia for, 110
Arterial ischemia
of lower extremity, 38-41, 104,
110, 196
of upper extremity, 34-37, 61,
296-305
Arterial reconstruction, 205, 207,
208, 236, 238, 240¢
aortoiliac, 212
lower-extremity, 109-110, 214
Arterial spectrum analysis, 51-52
Arterial stenosis
critical, 6, 7f
proximal, 57, 61
Arterial system, examination of

abdomen in, 37-38
general considerations in, 32
head and neck in, 32-34
lower extremities in, 38—41
upper extremities in, 34-37
Arteriography, 60
angiographic series in, 113-122
carotid, 34
for cerebrovascular disease,
164-165, 178
complications of, 117, 190-191
of lower extremities, 65, 204,
208, 221, 224
methods of, 119-122
postangiogram care in, 142-143
preparation for, 115-117
pulmonary, 326
for renovascular hypotension,
273
risks of, 117
for threatened limb loss,
303-304
of upper extremities, 301
Arteriosclerosis, 3
Arteriovenous fistula, 138, 339
Arteriovenous graft, 341-342
Aspirin, 76-77, 116, 144, 145,
165, 180, 236, 239, 326, 336
Asymptomatic Carotid
Atherosclerosis Study
(ACAS), 170
Asymptomatic Carotid Surgery
Trial (ACST), 170
Atelectasis, 325
Atherectomy, 138
Atheromas, 6
Atherosclerosis, 3, 34, 298
of aortoiliac region, 37
etiology of, 3—-6
natural history of, 10-11
pathogenesis of, 3f
pathophysiology of, 6-10
recurrent, 58, 190
Atrophie blanche, 307
Atropine, 191
Auricular nerve, greater, 182
Auscultation
of aortic abdominal pulse, 38
of carotid pulse, 34
of lower-extremity pulse, 41, 47
of upper-extremity pulse, 36-37,
44
Autotransfusion, 107, 213
Axillo-subclavian venous
thrombosis, 42, 124, 304
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B
B complex vitamins, 78
Balloon angioplasty and stenting,
178
indications for, 274, 175, 176t
mechanisms of, 134
for renovascular hypertension,
274, 280-281
visceral pain with, 119, 120
Balloon-expandable stents, 136
Barbiturate, 109
Bare metal stents, 126, 137t
Basilic vein, 15, 124, 330, 336,
337
transposition, 340, 342f
Benzodiazepines, 120
Bernoulli’s principle, 6, 7, 8¢, 57
Beta blockers, 73-74, 93, 180,
266, 273, 278
Bivalirudin, 26
Bleeding, 183
anticoagulants for, 116,
326-327, 328, 336, 343-344
from clotting factor defects,
106-107
from endovascular access vessel,
105
Blood gas testing, 324
Blood pressure, 106, 109. See also
Hypertension; Hypotension
cuffs, 52
in hemodialysis, 336
mean arterial, 183
in renovascular hypertension,
274, 278
segmental leg, 561
systemic, 271
Blue toe syndrome, 32, 204
Blunt trauma, 137
Boundary layer, 4
Brachial artery access, 119
Brachial vein, 15
Brachiocephalic fistula, 339
Brachytherapy, 138
Bradycardia, with hypotension,
107, 182
Brain
aneurysms, 33
cerebral blood flow in, 108
tumor, 33
Brescia-Cimino fistula, 339
Bronchodilators, 94, 95, 96
Bruce protocol, 89-90
Bruits
abdominal, 38
carotid, 34, 162

cervical, asymptomatic, 34
abdominal aortic aneurysm
and, 253-254
femoral, 41, 198
in hemodialysis, 336, 344, 347
Budd-Chiari syndrome, 28
Bupivacaine, 105
Bupropion, 73
Bypass graft, 222
of aortoiliac segments, 210
aortomesenteric, 288, 289f
axillofemoral or femorofemoral,
212, 225
femoropopliteal, 217-218,
225-226
saphenous vein, 227

C
Calcium channel blockers, 73,
204
Calf tenderness, 47
Capillary wedge pressure, 102
Captopril renal scanning, 273
Cardiac conditions. See also
specific conditions, e.g.,
Atherosclerosis
perioperative risk for, 82-93
ASA grading system for, 82,
85¢, 86-88
clinical risk criteria for, 87¢
conduction abnormalities, 93
Eagle criteria for, 83, 84t
functional capacity, 85-86
Goldman risk, index for, 82,
87t
noninvasive testing for, 89-92
previous evaluation in, 93
revascularization in,
preoperative, 92-93
revascularization in, previous,
89
postoperative care for, 96¢
Cardiac tamponade, 106
Cardiovascular medications. See
also specific classes, e.g.,
Antihypertensives
in preoperative preparation,
95-96
Cardiovascular Outcomes in
Renal Atherosclerotic
Lesions (CORAL) study, 271
Cardiovascular risk,
identification and
management of
antiplatelet therapy, 76-78
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C-reactive protein, 78 CEAP grading system, 12¢, 307,
diabetes mellitus, 76 309

exercise for, 80-81 Cefazolin, 343

fibrinogen, 78 Cellulitis, foot, 45, 307, 312
hyperhomocysteinemia, 78 Cephalic vein, 15, 337, 339
hyperlipidemia, 74-76 Cerebral blood flow, in brain, 108
hypertension, 73-74 Cerebrospinal fluid,

obesity, 78-80
tobacco abuse, 71-73
Carotid angioplasty and stenting
(CAS), 174-176, 191-194
Carotid artery
aneurysm, 33
asymptomatic disease of, 94,
162-163, 170, 171, 254
criteria for, 63t
endarterectomy for, 64, 88, 144
internal, total occlusion in,
173-174
occlusive disease of, 166—171,
174, 175, 176¢, 180, 184-187
controversies in, 171-174
in perioperative risk, 93-94
treatment, 165-176
pseudoaneurysm of, 191

thoracoabdominal aortic
aneurysm and, 264

Cerebrovascular accident (CVA),

160

Cerebrovascular disease

carotid angioplasty and
stenting, 174-176
clinical presentation of, 159-163
carotid artery occlusion in,
total internal, 173-174
carotid artery stenosis in,
contralateral
asymptomatic, 172-173
carotid body tumor in, 179
carotid bruits in,
asymptomatic, 162
carotid disease
asymptomatic, 162-163

stenosis symptomatic, 159-161
contralateral asymptomatic, carotid dissection in, 179
172-173 carotid fibromuscular

as endarterectomy
complication, 190-191
surgery for, anesthesia in,
107-109
vascular testing for,
noninvasive, 61-64
Carotid body tumors, 33, 179
Carotid dissection, 179
Carotid fibromuscular dysplasia
(FMD), 179
Carotid kinks and coils, 179
Carotid pulse, examination of,
33
Carotid stenosis, 94
Catheter, 130-131
nonselective flush, 130
selective end-hole, 130
Catheter-based technology
catheters, 130-131
guiding catheters, 131
sheaths, 126-128

dysplasia (FMD) in, 179
carotid kinks and coils in, 179
great vessel disease, 177-178
Hollenhorst plaque in,

asymptomatic, 33, 161
pulsatile masses in, 178-179
subclavian steal syndrome,

33, 177-178
transient ischemic attacks,

160-161, 167-168 (See

also under Transient

ischemic attacks)
ulcerated lesions in,

asymptomatic, 171-172
vertebrobasilar insufficiency

in, 176-177

complications of, 189-194

imaging of, 163-165

operative management for
carotid exposure in, 181-182
cerebral protection in,

stents, 135-138 183-184
wires, 128-130 endarterectomy technique in,
Catheter-directed thrombolysis, 184-187
20, 66, 139-142, 268 endotracheal anesthesia in,
complications of, 142 180
indications for, 140-141 neurologic deficit recognition
methods of, 141-142 in, 187-188
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Cerebrovascular disease (Cont'd)
preoperative preparation in,
180
thromboemboli prevention,
182-183
postoperative care for, 188-189
Cervical arteries, extracranial,
162, 1621
Cervical bruits. See under Bruits
Cholestyramine, 75
Chronic diffuse lower-limb
swelling, 47
Chronic limb ischemia, 114, 140
categories of, 201¢, 223-231
Chronic mesenteric ischemia, 37
Chronic obstructive pulmonary
disease, 95
Chronic ocular ischemia, 161
Chronic venous insufficiency, 12,
17, 124, 306, 310. See also
Postphlebitic syndrome
Cilostazol, 78, 206—207
Circle of Willis, 176, 178
Circulating lupus anticoagulant,
27
Clark platinum oxygen electrode,
57
Claudication
arm, 36, 177, 299, 304-305
intermittent (See Intermittent
claudication)
of lower extremities (See
Claudication, of lower
extremityl[ies])
Claudication, of lower
extremity(ies)
clinical presentation, 200
complication in, postoperative
graft-related, early, 239-242
colon ischemia, 240-241
compartment syndrome,
241
femoral nerve injury, 241
hemorrhage, 239
infection, 240
thrombosis, early, 239-240
graft-related, late

anastomic pseudoaneurysm,

245
gastrointestinal

hemorrhage, 242
infection, 242-243

sexual dysfunction, 245-246

spinal cord ischemia, 246
thrombosis, 243-245
disease patterns in, 196

aortoiliac and femoropopliteal
disease (type 3), 198
aortoiliac disease (types 1 and
2), 197-198
femoropopliteal disease (type
4), isolated, 198
femoropopliteal-tibial disease
(type 5), 200
invasive therapy indications in,
207-208
management of, initial
cilostazol in, 78, 206—207
determination of, 204—205
diabetes mellitus in, 76, 206
exercise in, 80-81
hyperlipidemia control in,
74-76, 206
hypertension in, 73-74, 206
pentoxifylline in, 206
tobacco smoking elimination
in, 71-73, 206
operative principles for
anastomosis in
distal, 216-217, 217f
proximal aortic, 215-216,
215f
anticoagulation in, 214-215
diuretics in, 215
gastrointestinal
decompression in,
237-238
inferior mesenteric artery,
revascularization of, 217
monitoring in, 214
patient positioning in, 214
skin preparation in, 214
postoperative care in
ambulation in, 238
antibiotics, 237
complications during, 239-246
endovascular procedures, 239
fluid management in, 236-237
gastrointestinal
decompression, 237-238
pain management, 237
stabilization in, initial, 236
wound care in, 238
preoperative evaluation in, 208
preoperative preparation in,
231
procedure selection for, 208-218
aortoiliac endarterectomy,
209-210
aortoiliac reconstruction, 212
bypass graft
aortofemoral, 210-212
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of aortoiliac segments, 210
axillofemoral or
femorofemoral, 212
femoropopliteal, 217-218,
225-226
hospital admission, prior to,
212-213
lumbar sympathectomy, 218
percutaneous transluminal
angioplasty, 210
Clonidine, 74
Clopidogrel, 77, 116, 165-166,
180, 188, 193
Clopidogrel versus Aspirin in
Patients at Risk of Ischemic
Events (CAPRIE) trial, 77,
165
Closure devices, 143
Clotting factor, defects of, 23, 25,
217, 28, 328
Coagulation disorders
acquired, 22, 26-28, 321
inherited, 23-25, 321, 322
management of, 28—-29
mechanisms of, 22-23
in threatened limb loss, 304
Cobalamin, 78
Cobra catheters, 131
CODA balloon, 135
Colestipol, 75
Colitis, ischemic, 60
Colon ischemia, as graft
complication, 240-241,
261
Colon tumor, abdominal aortic
aneurysm and, 256
Compartment syndrome, 241
Compression therapy, 20,
310-311, 316
Computed tomography (CT), 60,
65, 66, 144, 163-164, 178,
187-188, 190, 242, 248,
251-255, 260, 262, 265, 278,
287, 281f, 294, 310, 325
Conduction abnormalities, 93
Continuous-wave Doppler
system, 49-50
Contraceptives, in
hypercoagulability, 2627
Contractility, 90, 91, 107
Contralateral hemiparesis,
187
Contrast agents, 66
in arteriography, 62
metformin and, 116
nonionic, 120

Core temperature monitoring, in
anesthesia, 103

Coronary artery bypass grafting
(CABG), 89, 92

Coronary Artery
Revascularization
Prophylaxis (CARP) study,
83, 92-93

Coronary Artery Surgery study
(CASS), 83, 92

Coronary revascularization,
preoperative, 92-93

Coumadin. See Warfarin

Covered stents, 137-138

C-reactive protein, 78

Creech technique, 259

Crescendo transient ischemic
attack, 160, 168

Critical arterial stenosis, 6, 7f

Cryoplasty, 138

Cultures, for threatened limb
loss, 220

D
D-Dimer test, 324
DeBakey classification system,
265, 266
Deep breathing maneuvers, 96
Deep veins, 14
Deep venous insufficiency, 17,
45-46
pathophysiology of, 18
Deep venous thrombosis, 25, 27,
42, 329
acute, 12, 20, 45, 47
diagnosis of, 323
management, during pregnancy,
331
prevention of
hypercoagulability in, 321
stasis in, 321-322
vein injury in, 309, 323
treatment of, 326-331
vascular testing for, noninvasive
duplex venous
ultrasonography, 68, 68t,
324
venous plethysmography,
50-51, 309
venography for, 122, 123, 124
Dextran-40, 26, 185
Dextrans, 323
Diabetes mellitus, 200, 274
in lower-extremity claudication,
41, 53,76
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Diabetes mellitus (Contd)
in perioperative risk, 97
in preoperative preparation,
97-98
Diabetic neuropathy, 39
Diffusion-weighted magnetic
resonance imaging (DW-
MRI), 33
Digital subtraction angiography,
221
Digital temperature recovery
time, 301
Diphenhydramine, 115-116
Dipyridamole, 78, 91
Direct thrombin inhibitors
(DTIs), 26
Distal arteriovenous fistula, 231
Distal revascularization and
interval ligation (DRIL),
345
Diuretics, 74, 280
for lower-extremity claudication
procedures, 215
Dobutamine, 89, 90-91, 290
Dobutamine stress
echocardiography (DSE),
90-91
Dopamine, 215, 279, 280, 294
Doppler ultrasound, 32, 37,
40-41, 47, 48, 49-50, 51-55,
58, 62, 64, 115, 121, 145,
163, 186, 214, 220-222, 256,
2179, 292, 344
for upper arm, 299-300
Dosimeter, 150-151
Double puncture technique, 121
Duett Pro system, 143
Duplex scanning, 167, 287
for cervical bruits, 170
Duplex venous ultrasonography,
34, 50, 51-52, 58, 60, 61-64,
67-68, 121, 124, 163, 164¢,
167, 170, 171, 187, 204, 208,
220-221, 231, 244, 262, 266,
267, 272, 275, 279, 287, 301,
309, 319, 323, 324, 337
Dysarthria, 32

E

Eagle criteria, 83, 84t

Elevated Arm Stress test (EAST),
36

Effort thrombosis, 42, 304, 330

Elastic arteries, 2

Elastic membrane, 2

Electrocardiogram, 89, 90, 93,
325
for threatened limb loss, 220,
222
Electromagnetic radiation,
148-149, 149¢
Embolism
pulmonary (See Pulmonary
embolism)
of upper extremity, 299, 304
Endarterectomy
aortoiliac, 210
carotid, 64, 88, 144, 166-171,
174, 175, 176¢, 180, 190-191
technique for, 184-187
Endoaneurysmorrhaphy, 259
Endoleak, 259-260, 262
Endothelium, injury to, 17, 315
Endotracheal anesthesia, 105,
180
Endovascular aneurysm repair,
104-105, 114, 138, 249,
252f, 254, 259-260
Endovascular therapy, 113, 126,
148, 178, 218, 229, 246,
316-319. See also Vascular
imaging; specific types, e.g.,
Balloon angioplasty and
stenting
Erythromycin, 204
Essential thrombocythemia, 28
Estimated creatinine clearance,
96
Estrogen, 26
European Carotid Surgery Trial
(ECST), 166
Eversion carotid endarterectomy,
186
Exercise, 75, 321
ECG, 89-90
in foot care, 57, 238
for lower-extremity claudication,
80-81, 205-206
Exposure, 149¢, 150
External elastic membrane, 2
Extracranial-to-intracranial (EC-
IC) anastomosis, 174

F

Facial nerve, mandibular branch,
182

Factor V Leiden, 23, 24-25, 26,
322

Familial valvular incompetence,
44
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Femoral artery, 117-118
aneurysm of
operative principles for,
266-267
postoperative follow-up for,
267
preoperative evaluation for,
266
antegrade stick of, 119
occlusive disease of,
management for, 198, 225
pressure gradient of, 136
Femoral lesions, balloon
angioplasty for, 280
Femoral nerve, injury of, 241
Femoral vein, 14
Femoropopliteal disease
aortoiliac with, 198
bypass graft, 217-218, 225-226
isolated, 198
occlusive, management of,
225-226
Femoropopliteal-tibial disease,
200
FemoStop, 143
Fentanyl, 105, 120
Fibrinogen, 78, 142, 321
Fibrinolysis, 25, 139, 306, 324
Fibromuscular dysplasia, 60, 270
balloon angioplasty for, 274
carotid, 179
Fibrous cap, 5
Filling pressure
left ventricular, elevated, 102
low, 237
Filter, anti-embolic device, 191,
192f
Fluid and electrolyte balance, in
renal failure, 38
Fluid dynamics, principles of, 8¢
Fluid replacement, during aortic
surgery, 107
Fluoroscopic system, 148
components of, 151-153, 152f
Foam cells, 5
Foley bladder catheter, 180
Folic acid, 78
Fondaparinux, 322, 323
Food and Drug Administration
(FDA), 66, 126, 139, 175,
206, 250, 262
Foot care
arteries in, 230
neuropathic ulcers in, 40, 204
prevention in
daily care in, 39, 224

exercise in, 57, 238
footwear in, 302
protection in, 223-224
susceptible foot in, 204
treatment of
abscesses, 236
cellulitis, 45, 312, 314
healing likelihood in, 52,
57-58, 59¢, 220
hospitalization in, 230
ulcers, large heel, 224
Footwear, 302
Fractures, 137, 322
Furosemide, 74, 106, 215, 237,
279

G
Gadolinium, 65, 66, 265, 272
Gallbladder disease, 212
Gangrene, 115, 230, 235
with ischemic rest pain, 39, 40,
204
Raynaud’s phenomenon and,
298
Gastrointestinal decompression,
237-238
Gastrointestinal hemorrhage
as graft complication, 242
Geiger counter, 150
Gemfibrozil, 75
Giant cell arteritis, 34
Glaucoma, neovascular, 161,174
Glossopharyngeal nerve, 182
Glycosylated hemoglobin, 76
Goldman risk index, 82, 87t
Grafts
bypass, for saphenous vein,
greater, 13-14, 44, 45, 122,
225-226, 2217f, 267, 316, 317
complications of
early, 239
colon ischemia, 240-241
compartment syndrome,
241
after endovascular
reconstruction, 241-242
femoral nerve, injury of, 241
hemorrhage, 239
infection, 240
thrombosis, 239-240
late
anastomotic
pseudoaneurysm, 245
after endovascular
reconstruction, 246
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Grafts (Cont'd)
gastrointestinal
hemorrhage, 242
infection, 242-243
sexual dysfunction, 245-246
spinal cord ischemia, 246
thrombosis, 243-245
endovascular, for abdominal
aortic aneurysm, 256-260,
261
for limb ischemia, acute, 140,
202t, 221-223
for renovascular hypertension,
274-275
Gram’s stains, 220
Gray, 149
Guiding catheters, 131

H
Halothane, 109
Head, arterial system
examination of, 32-34
Healing ischemic foot lesions
criteria for, 59¢
Heart Protection Study, 74
Hematoma, of neck, 189
Hemodialysis
access selection for, 338-343
complications in, 345-348
indications for, 334-335
patient assessment in, 334-336
planning, 335-338
perioperative care for, 343-345
postoperative care for, 344
preoperative preparation for,
337-338
Hemorrhage, 144-145
from angioplasty, 117
as graft complication, 239, 242
intracranial, 142, 173
Hemorrhagic stroke, 33
Heparin, 23, 24, 105, 107, 142,
143, 166, 168, 180, 183, 191,
193, 214-215, 222, 233, 236,
256, 258, 279, 291, 292, 303,
330, 343-344
for angioplasty, 131-132
for deep venous thrombosis,
305, 320, 321, 326-327, 331
low molecular weight, 26, 28,
29, 110, 116, 308¢, 322, 323,
327-328, 331
thrombocytopenia from, 26, 43,
327
unfractionated, 26, 28, 29, 116,

131-132, 308¢, 322-323, 327
Heparin-induced
thrombocytopenia, 26
Heparin-induced
thrombocytopenia and
thrombosis (HITT), 26
Hering’s nerve, 182
Hirudins, 327
Hollenhorst plaque(s)
asymptomatic, clinical
presentation of, 33, 161
Homans’ sign, 47
Hughes syndrome. See
Antiphospholipid syndrome
Hydralazine, 74
Hydrochlorothiazide, 74
Hydrocortisone, 116, 312
Hydrophilic wires, 129
Hydroxymethylglutaryl (HMG)
CoA-reductase inhibitors, 74
Hypercoagulability
acquired, 26-28, 26¢
inherited, 22¢, 23-25
management of, 28—-29
mechanisms of, 22-23
in threatened limb loss,
321-323
Hyperhomocysteinemia, 25, 78
Hyperkalemia, in renal failure,
334
Hyperlipidemia, in lower-
extremity claudication,
74-76
Hyperperfusion syndrome, 190
Hypertension, 33, 73-74
ambulatory venous, 19, 310
after carotid endarterectomy,
189
chronic venous, 306
in lower-extremity claudication,
198
postoperative care for, 280
renovascular, 270, 273, 274-275
(See also Renovascular
hypertension)
Hypoglossal nerve, 181
Hypotension, 105-106, 107
permissive, 255
Hypothenar hammer syndrome,
36, 299
Hypothermia
in abdominal aortic aneurysm,
255
in thoracoabdominal aortic
aneurysm, 264
Hypovolemia, 271, 286
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I
Iliac stenosis
balloon angioplasty for, 210
with femoral artery occlusion,
132-133
Impedence plethysmography,
50-51, 300-301, 309, 344
Infection
from angiography, 146
as graft complication
early, 240
late, 242243
in hemodialysis, 345
in limb ischemia, chronic, 224
in postphlebitic syndrome, 20
in renal failure, 342, 343, 345
respiratory, 96
Inflammatory aneurysm, 38,
259
Informal consent, for
angiography, 113-114
Inotropic drugs, 103, 106
Intermittent claudication. See
also Claudication
vascular testing of
ankle-brachial index, 52-53
Doppler survey, 49-50
duplex ultrasound, 58, 60
exercise testing, 57
pulse volume recordings, 54
segmental leg pressures,
54-56
toe pressure, 54
transcutaneous oximetry,
57-58
International Commission on
Radiation Protection, 151
Intersocietal Commission for the
Accreditation of Vascular
Laboratories, 49
Intestinal angina, angiography
for, 286
Intestinal ischemia
clinical presentation of, 283-286
acute, 286
chronic, 284-285
diagnostic tests for, 286-287
management of, 287-294
mesenteric artery anatomy in,
282-283
Intestines,
manipulation/withdrawal of,
106
Intima, anatomy of, 2
Intra-arterial papaverine, 132
Intracranial hemorrhage, 142

Intravascular ultrasound (IVUS),
135, 139, 280-281, 330
Todinated contrast material,
allergy to, 115-116
Irreversible ischemia, 91
Ischemia
acute mesenteric, 37
chronic mesenteric, 37
intestinal, 282-294 (See also
Intestinal ischemia)
of limb, categories of, 201¢
Ischemic colitis, 60, 294
Ischemic rest pain, 39
criteria for, 59¢
Ischemic steal syndrome, 344,
345
Ischemic tissue loss, 39

K

Ketoconazole, 204

Kidney. See Renal

Kidney Disease Outcome
Initiative (K/DOQI), 338

Klippel-Trénaunay syndrome,
17, 45, 307

L
Laminar, 4
Laryngeal nerve
injury to, 182
Laser therapy, 138
Lasix, 74
Law of LaPlace, 8¢, 10
Lepirudin, 26
Leriche’s syndrome, 37, 198
Limb loss, threatened, 303-304
clinical presentation of
claudication, 200
gangrene, 204
ischemic, acute arterial,
204
microemboli, 204
nonhealing ulcers, 204
rest pain, 200, 203-204
management of
limb ischemia, acute, 221-223
diagnostic tests, 222
emergency arteriogram,
222-223
treatment, 221-222
limb ischemia, chronic,
287-290
foot protection in, 223-224,
224f
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Limb loss (Cont'd)
infection in, 224
surgical options in, 224-231
postoperative complications in
early, 239242
late, 242-246
prompt recognition, 219-221
arteriography, 221
coagulation and platelet
function, 221
cultures and Gram’s stains,
220
duplex ultrasound, 220-221
Echocardiogram (ECG), 220
noninvasive vascular testing,
220
plain radiograph, 220
vasospastic disorders and, 303
Linton patch, 228, 229f
Lipedema, 47
Lipodermatosclerosis, 17, 46, 307
Livedo reticularis, 297, 297¢, 298,
303
Lovenox, 180, 308t
Low molecular weight heparin
(LMWH), 26, 28, 29, 110,
116, 308¢, 322, 323,
327-328, 331
Lower extremity(ies)
arterial anatomy of, 197f
arterial occlusive disease,
52-60
arterial reconstruction for, 236
anesthesia in, 109-110
indications for, 110
arterial system examination of,
38-41
auscultation in, 41
inspection in, 40
palpation in, 40—41
arteriography of, 208
chronic diffuse lower-limb
swelling in, 47
claudication of, 39, 196 (See also
Claudication, of lower
extremityl[ies])
deep venous thrombosis, 124
threatened loss of, 200204,
220-231, 239-246, 303-304
(See also Limb loss,
threatened)
venous perforators of, 312, 313f
venous procedures for,
anesthesia in, 110-111
venous system examination of
auscultation in, 47-48

inspection in, 44—47
palpation in, 47
Lumbar disk disease, 39
Lumbar sympathectomy, 218,
230-231
Lunderquist wire, 130
Lung disease, 27, 94-95
Lung perfusion scanning, 325
Lymphedema, 47

M
Magnetic resonance
arteriography (MRA)
for cerebrovascular disease,
163-164
Magnetic resonance imaging
(MRI), 64-66, 272
for cerebrovascular disease,
163-164
diffusion-weighted, 33
Malignancy, on venous
thrombosis, 27-28
Malignant hypothermia, 106
Mannitol, 106, 120, 215, 256, 258,
264, 279
Marfan syndrome, 10
Matrix metalloproteinases
(MMPs), 6, 9
May-Thurner syndrome, 17, 47,
139, 309, 320
Mean arterial blood pressure, 183
Mechanical thrombectomy
devices, 140
Mechanical thrombolysis, 141
Media, anatomy of, 2
Medial calcinosis, 53
Median antebrachial vein, 15
Median cubital vein, 15-16
Medical therapy, for carotid
occlusive disease, 165-166
Meier wire, 130
Mesenteric artery, in intestinal
ischemia, 60, 217, 259,
282-283
Metabolic equivalent levels
(METSs), 85
Metformin, 116
Methylprednisolone, 264, 279
Microemboli, 204
Miller cuff, 228, 229f
Modified Seldinger technique,
120-121, 121f, 126
Monorail balloon catheter, 128,
135
MR venography, 309
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Multilevel occlusive disease, 207,
209¢

Mural thrombus, 9
Muscular arteries, 2
Musculovenous pump, 306
Myeloproliferative syndromes, 28
Myocardial infarction, 28

with hypotension, 105
Myointimal hyperplasia, 58

N
Neck, arterial system
examination of, 32—-34
Necrosis, Raynaud’s phenomenon
and, 398
Nephrotoxicity, from
angiographic contrast, 116
Neurologic defects
from carotid operations, 108
Neurologic deficit
complication of, 143-144
recognition of, 187-188
treatment of, 187
Neuropathic foot ulcers, 40, 204
Niacin, 75
Nicotine replacement therapy,
72
Nighttime leg cramps, 40
Nitroglycerine, 132
Noncompliant balloons, 135
Noninvasive vascular testing. See
Vascular testing,
noninvasive
Nonsteroidal anti-inflammatory
agents, 326
North American Symptomatic
Carotid Endarterectomy
Trial NASCET), 166
Nutritional repletion, 287

o
Obesity, 78-79
Occlusive aortoiliac disease, 37
Occlusive arterial disease
large-vessel, 298-299
pathophysiology of, 67
of upper extremity, 34
Operating room briefing, 103-104
Ophthalmic artery, 33
Osteoarthritis
in hip and neck joints, 39
Oximetry
in anesthesia monitoring, 101
transcutaneous, 52, 57

P
Pacemaker, 93
Paget-Schroetter syndrome. See
Axillo-subclavian venous
thrombosis
Pain control, 96
Palpation, of pulses. See Pulse(s)
Paratibial perforators, 15
Patient positioning
for anesthesia, 103-104
of aortofemoral bypass, 214
for lower-extremity arterial
revascularization, 231
Pedal arteries, 233, 234f
Penetrating injury, 138
Pentoxifylline, 206
Perclose ProGlide, 143
Percutaneous transluminal
angioplasty, 89, 133-135,
134f, 274, 280
for limb ischemia, 210
Perforating veins, 14, 15
Pericatheter thrombus formation,
142
Perioperative cardiac risk,
82-93
ASA grading system for, 82, 85¢,
86-88
clinical risk criteria for, 87¢
conduction abnormalities, 93
Eagle risk criteria for, 83, 84¢
functional capacity, 85-86
Goldman risk index for, 82, 87¢
noninvasive testing for, 89-92
previous evaluation in, 93
revascularization in
preoperative, 92-93
previous, 89
Perioperative management. See
also under specific
conditions, e.g., Limb loss
anesthesia, 100-111
Peripheral arterial disease, 39
anatomy of, 2-3
etiology of, 3—-6
magnitude of, 1-2
natural history of, 10-11
pathophysiology of, 6-10
Peroneal artery, 229, 233
Perthes’ test, 45
Pharmacokinetics, 139-140
Phlebography, 122
Phlegmasia alba dolens, 20, 45,
324
Phlegmasia cerulea dolens, 20,
45, 324
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Phosphodiesterase III inhibitor, Preoperative preparation

206 for abdominal aortic aneurysm,
Photon, 148 251-254
Photoplethysmography, 51, 344 for aortic dissection, 265
Picotamide, 78 cardiovascular medications in,

Plasmin, 25 92-93
Plasminogen, 25 carotid occlusive disease in,
Platelet function, 221 93-94

Plethysmography, 50-52 diabetes mellitus and, 97-98
for deep venous thrombosis, 309 for femoral artery aneurysms,
for upper extremities, 300-301 266

Poiseuille’s Law, 6, 8¢ for hemodialysis, 337

Polycythemia vera, 28 kidney disease in, 96-97

Polysaccharides, 23 for limb loss, threatened, 231

Popliteal artery aneurysm perioperative risk in, 82
operative principles, 267-268 cardiac conduction
preoperative evaluation for, 267 abnormalities, 93
postoperative follow-up for, 268 coronary revascularization,

Popliteal artery entrapment, 54, 92-93

66 evidence-based algorithm,

Popliteal region 82-89
arterial anatomy of, 197f noninvasive cardiac testing,
artery entrapment in, 54, 66, 89-92
233 for popliteal artery aneurysms,
surgical exposure of, 231-233 267

pulmonary function in, 94-96
for renovascular hypertension,

Posterior tibial perforators, 15
Postoperative care

for aortic dissection, 266

for cerebrovascular disease, 188

for femoral artery aneurysms,
267

for hemodialysis, 344

for hypertension, 189

for popliteal artery aneurysms,
268

for renovascular hypertension,
280

sepsis in, 241, 243

for tachycardia, 238

for thoracoabdominal aortic
aneurysm, 264

for varicose vein surgery,
319-320

Postphlebitic syndrome, 12

etiology of, 17

inspection of, 45-46

natural history of, 20

Post-thrombotic syndrome, 20,

43, 44,124, 140, 306, 307,
309, 329

278-279
for thoracoabdominal aortic
aneurysm, 262-264
for varicose vein surgery, 316
weight reduction as, 79
Pressure wires, 130
Profunda femoris vein, 14
Propofol, 120
Protamine, 107, 131, 143, 215,
344
Protamine sulfate, 215
Protein C system, 23, 24-25
Protein S system, 23, 24-25
Prothrombin gene variant
(20210A), 25
Proximal arterial disease, 61
Pseudoaneurysm, 137-138,
145-146
anastomotic, 245
carotid, 191
in hemodialysis, 345
PTFE, 226, 341
Pulmonary disease, 94-96

Prednisone, 116

Pregnancy, on hypercoagulability,
26-27

Preload, 106

Preoperative coronary
revascularization, 92-93

chest x-ray for, 94
functional testing of, 94-95
functions, optimizing, 95-96
history and physical
examination, 94
Pulmonary embolism
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diagnosis of, 324-326
etiology of, 18
natural history of, 20
pathophysiology of, 19
treatment of, 331-332
Pulmonary function, in
preoperative preparation,
94-96
Pulmonary thromboembolism, 12
pathophysiology of, 18
Pulmonary wedge capillary
pressure, 106
Pulsatile masses, 178-179
complication of, 145-146
Pulse(s)
diminished, from angiography,
145
grading of, 40
in hemodialysis, 336
palpation of
aortic abdominal, 37
carotid, 33
lower extremity, 40
upper extremity, 36
Pulse oximetry, in anesthesia,
101
Pulse volume recording
in noninvasive vascular
recording, 54, 55f, 56
Pulsed wave Doppler system, 50,
51
Purpura fulminans, 24
Pyridoxine, 78

Q
Quantity dose equivalent, 149¢,

150

R
Radiation
biology, 154-155
direct/indirect ionization, 154
genetic effects of, 154
human tissue, effects on, 154
injury, 155
measuring devices, 150-151
safety
elements of, 156-157
Radiation dose, 149, 149¢
Radiocephalic fistula, 339
Radiograph, for threatened limb
loss, 220
Radionuclide myocardial
perfusion imaging, 91

Raynaud’s phenomenon
clinical presentation of,
296-299, 297¢
diagnostic tests for, 299-302
management of, 302-305
prognosis of, 305
Raynaud’s syndrome, 34, 61, 298
Recombinant tissue plasminogen
activator (rt-PA), 139, 141
Recurrent carotid stenosis
after endarterectomy, 190-191
Refludan, 308t
Reliant balloon, 135
Renal arteries, noninvasive
vascular testing in, 60
Renal artery disease
occlusive
balloon angioplasty for,
280-281
in vascular patients, 96-97
Renal artery stenosis, 37
Renal cooling, 264
Renal function
preoperative preparation,
278-279
preparation of, 116-117
preservation of, 275-276
Renal reconstruction, 276
Renal resistive index (RRI), 275
Renin, 271
Renin—angiotensin system, 271
Renovascular hypertension,
271-281
diagnostic evaluation for,
271-274
invasive intervention
indications for, 272-276
operative principles for, 279-280
postoperative care for, 280
preoperative preparation for,
278-279
renal balloon angioplasty and
stenting for, 280-281
renin—angiotensin system in,
271
surgical options for, 276-278
Resistance, 8t
Respiratory infection, 96
Restless leg syndrome, 40
Resuscitation, for abdominal
aortic aneurysm, 255
Reteplase, 139-140
Retrograde arterial puncture,
118-119
Revascularization, of extremities,
236, 239
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Reversible ischemia, 91

Reversible ischemic neurologic
deficit (RIND), 160

Reynolds number, 8¢

Rosen wire, 130

Rubeosis iridis, 161

S
Saddle embolus, 19
Saphenous vein
greater
anatomy of, 13f
bypass grafting for, 227
surgical exposure of, 276
small, 13, 14f
surgical preparation of, 233
Scandinavian Simvastatin Trial,
74
Sclerotherapy, 315-316
Segmental leg pressure
in noninvasive vascular testing,
54-56, 561
Seizure disorder, 33
Seldinger technique, 120, 121f,
126
Self-expanding stents, 136137
Sepsis, 241, 243
Sexual dysfunction, as graft
complication, 245-246
Shear stress, 4
Sheaths, in catheter-directed
thrombolysis, 126-128
Shunting
during carotid endarterectomy,
183-184
in-line mesenteric, 264
Sieverts, 150
Sildenafil, 302
Simmons catheter, 130f, 131
Simvastatin, 74, 75f
Skin
care, 312
preparation of
for angiography, 117
for lower-extremity
claudication procedures,
214
ulceration of, in postphlebitic
syndrome, 44
warfarin necrosis of, 24
Small vessel cerebral infarct, 33
Small vessel vasospasm, 34
Small vessel arterial disease, 299
SmartNeedle, 121
Smoking. See Tobacco smoking

Sodium bicarbonate, 117
Sodium nitroprusside, 266
Spectral broadening, 52, 62
Spider veins, 307
Spinal cord ischemia, as graft
complication, 246
Spinal stenosis, 39, 57
St. Mary’s boot, 228, 229f
Stanford classification system,
265, 266
Statins, 74, 165
Stemmer’s sign, 47
Stenting, 135-138. See also
Balloon angioplasty and
stenting
Stenting and Angioplasty with
Protection in Patients at
High Risk for
Endarterectomy
(SAPPHIRE) trial, 174, 175
Stents, 135-138
balloon-expandable, 136
bare metal, 137¢
covered, 137-138
drug-eluting, 138
self-expanding, 136-137
Steroids, 96, 115, 312
Stiff wires, 130
Streptokinase, 139
Stroke, 159-160, 161, 168. See
also Cerebrovascular
disease; Transient ischemic
attacks
internal capsule, 187
Subclavian—axillary venous
thrombosis, 330
Subclavian steal syndrome, 34,
61,177-178
Subclavian vein, 42
Subfascial endoscopic perforating
vein surgery (SEPS),
319-320
Subintimal angioplasty, 133,
133f
Suction, 183
Superficial thrombophlebitis, 42,
45
Superficial venous system, 13
insufficiency
pathophysiology of, 18
Suppurative thrombophlebitis,
43-44
Surgery versus Thrombolysis for
Ischemia of the Lower
Extremity (STILE) trial,
140, 141



Index 365

Surgical therapy, for carotid
occlusive disease, 166—-170
in asymptomatic patients,
170-171
in symptomatic patients,
167-170
Swan-Ganz pulmonary artery
catheter (PAC), in
anesthesia, 102-103, 102f,
180, 280
Sympathectomy, for Raynaud’s
disease, 303
Symptomatic cerebrovascular
disease (transient ischemic
attacks). See
Cerebrovascular disease;
Transient ischemic attacks
Systemic lupus erythematous

(SLE), 27

T

Tachycardia, postoperative care
for, 238

Takayasu’s arteritis, 34, 36
Tap test, 47
Taylor patch, 228, 2291
Telangiectasias, 19-20, 45
Temporary inhibitors of matrix
metalloproteinases (TIMPs),
9
Tenderness
calf, 47
Tension pneumothorax, 105
Thoracic outlet syndrome, 35, 61,
330
Thoracoabdominal aortic
aneurysm, 262—-264
operative principles, 264
postoperative course, 264
preoperative evaluation for,
262-264
Thrombi
pericatheter, 142
pulmonary, 12
Thrombocytopenia
heparin-induced, 26, 327
Thromboelastogram, 107
Thromboembolectomy, 222
Thromboembolism
pulmonary
pathophysiology of, 18
venous (See also Deep venous
thrombosis)
diagnosis of, 323-326
prevention of, 183, 320-323

hypercoagulability in,
321-323
stasis in, 321
vein injury in, 323
treatment of, 326-332
Thromboendarterectomy, 173
Thrombolysis or Peripheral
Arterial Surgery (TOPAS)
trial, 140
Thrombolytic therapy, 139
complications of, 142
for deep venous thrombosis,
acute, 329
indications for, 140-141
for limb ischemia, acute, 223
methods of, 141-142
pharmacokinetics of, 139-140
for transient ischemic attacks
(TIAs), 169
Thrombomodulin, 23
Thrombophilia, 22
Thrombophlebitis. See also
Postphlebitic syndrome
contrast-induced, 122
infected, 43—-44
superficial
diagnosis of, 323-324
treatment of, 326
venous, 42, 45, 47
suppurative, 42—43
Thrombosis
as graft complication
early, 239-240
late, 243-245
in hemodialysis, 347
in limb salvage, 244-245
malignancy on, 27
of subclavian vein, 42
Thrombotic thrombocytopenic
purpura, 28
Tibial disease
surgical exposure for, 233
Tissue plasminogen activator
(tPA), 25
Tobacco smoking, 71-73
hypercoagulability and, 26
and lower-extremity
claudication, 198, 206
in preoperative preparation,
95-96
Raynaud’s disease and, 302-303
weight loss and, 80
Toe
microemboli of, 204
pressure, in noninvasive
vascular testing, 54
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Toenails, 198, 224
Tourniquet, pneumatic thigh,
233
t-PA mutants, 139
Trans-Atlantic Inter-Society
Consensus (TASC), 132
Transcranial Doppler (TCD), 64
Transcutaneous oximetry
in noninvasive vascular testing,
52, 57-58
Transesophageal
echocardiography, in
anesthesia, 103
Transient ischemic attacks
(TTAs)
chronic, satable vs repetitive
progressive, 167-168
crescendo TIAs, 160, 168
differential diagnosis of, 33
operative risk in, 169
outcomes of, 160-161
thrombolytic therapy in, 169
Transient monocular blindness,
32
Treadmill, 52, 89
ankle-brachial index, 57
Trellis system, 141
Trendelenburg test, 45, 46f
Trousseau’s syndrome, 27
Tumor
brain, 33
carotid body, 33, 179
Tuohy-Borst adapter, 131

U
Ulcerated aortoiliac disease, 37
Ulcerated plaque, asymptomatic,
171
Ulcers
foot, 54, 58
large heel, 224
neuropathic, 40, 204
nonhealing, 204
Ultrasound
in hemodialysis, 337
in noninvasive testing, 51-52,
58-60, 61-64, 67-68
for renovascular hypertension,
272-273
for threatened limb loss,
220-221
Ultrasound-guided
basilic vein access, 124
compression, 145

injection of thrombin, 146
popliteal vein access, 123
Unfractionated hepatin (UFH),
26, 28, 29, 116, 131-132,
308¢, 322-323, 327
U. S. National Commission on
Radiation Protection and
Measurements, 151
Unna boot, 312-314
Upper extremity(ies)
arterial disease and vasospastic
disorders of
clinical presentation of,
296-299
diagnostic tests for, 299-302
management of, 302-305
prognosis of, 305
arterial system of
anatomy of, 2
examination of, 32
noninvasive vascular testing,
60-61
vascular disorders, 296
venous system, 15-17
examination of, 42-44
Upper-extremity vascular steal,
61
Urokinase, 139, 141

\'%
Vagus nerve, 181-182
Valves, venous, 15
Varenicline, 73
Varicose veins
clinical presentation of, 309
etiology of, 17
inspection of, 44-45
natural history of, 19-20
pathophysiology of, 18
treatment of
medical, 310-314
surgical, 316-319
Vasa vasorum, 2, 10
Vasalva maneuver, 67-68, 123
Vascular imaging, 49-52, 58, 60,
61-66, 67—68. See also
Endovascular therapy;
Vascular testing,
noninvasive; specific types,
e.g., Arteriography
Vascular laboratory, 49
Vascular remodeling, 6
Vascular testing, noninvasive
carotid arterial disease
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duplex ultrasound, 61-64
transcranial Doppler, 64
instrumentation in
blood pressure cuffs, 52
Doppler ultrasound, 49-50
duplex ultrasound, 51-52
plethysmography, 50-51
transcutaneous oximetry, 52
treadmill, 52
for lower-extremity arterial
occlusive disease
ankle-brachial index, 5253,
54¢, 55f
treadmill, 57
duplex ultrasound, 58-60
pulse volume recording, 54,
55f
segmental leg pressure,
54-56, 561
toe pressure, 54
transcutaneous oximetry,
57-58
mesenteric occlusive disease, 60
MRA and CTA, 64-66
renal arteries, 60
for threatened limb loss, 220
of upper extremity, 60-61
vascular laboratory in, 49
vasospasm in, 296
venous disease
duplex ultrasound, 67-68
venous insufficiency, 66—67
Vasodilators, 26, 74, 105, 106,
109, 132, 206, 302
Vasospasm
of small vessels, 34
in upper-extremity disorders,
296, 302 (See also under
Upper extremitylies])
Vein adjunct, 229f, 235
Vein wall, 15
Vena cava filtering, 331-332
Venae comitantes, 16
Venography, 113, 122-124, 330
acute lower-extremity deep
venous thrombosis, 124
ascending, 122-123
descending, 123
patient preparation and risk,
122
upper-extremity, 124
Venous capacitance, 306
Venous disease, 12—20. See also
specific types, e.g., Deep
venous thrombosis

anatomy in, 13-17
classification of, 307-309
diagnosis of, 309-310
etiology of, 17-18
magnitude of, 12
natural history of, 19-20
pathophysiology of, 18-19
treatment of, 310-320
Venous insufficiency
chronic, 320 (See also
Postphlebitic syndrome)
deep, 17
Venous obstruction
etiology of, 17-18
pathophysiology of, 18-19
presence of, 320
Venous perforators, 313f
Venous plethysmography, 67f
Venous reflux insufficiency, 66—67
Venous sinuses, 15
Venous stasis, 18, 321
Venous system
examination of
lower extremities in, 44-48
(See also under Lower
extremityl[ies])
upper extremities in, 42—44
superficial, 13
insufficiency, 18
Venous thrombosis, 28
etiology of, 18
natural history of, 20
Venous ulcers, 46-47
Venous valves, 15
Ventilation/perfusion lung
scanning (V/Q scan), 325
Vertebrobasilar insufficiency,
176-177
Veteran’s Affairs Asymptomatic
Carotid Stenosis study, 170
Veterans Affairs Trial 309 (VA
309), 166
Virchow’s triad, 18, 22, 321
Visceral selective catheters, 131
Vitek catheter, 1307, 131
Volatile anesthetics, 109

w
Warfarin, 28, 116, 166, 169, 180,
222, 236, 304, 322, 328, 330,
336
for deep venous thrombosis,
326, 327, 331
skin necrosis form, 24
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Warfarin-induced skin necrosis, as preoperative preparation,
24, 28 79
Weight loss Wires, in catheter-directed
in chronic intestinal ischemia, thrombolysis, 128-130
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