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PREFACE

Vascular diseases constitute the most common causes of
disability and death in Western society. Atherosclerosis, throm-
bosis, hypertension, and their clinical sequelae, including
myocardial infarction, disabling claudication, limb loss, and
stroke, occur far too frequently. Indeed, vascular pathology in
one form or another is responsible for over one hundred billion
dollars of costs annually in the United States for medical
expenses and lost productivity.

There have been rapid advancements in vascular biology,
pharmacology, and technology for vascular disease. Basic
science discoveries have led to our recognition of the human
vasculature as not simply a passive conduit, but as a complex
organ that responds to both intrinsic and extrinsic stimuli with
definable pathologic processes. In addition, technologic
advances have redefined the role of imaging modalities. The
enhanced resolution of techniques such as ultrasonography,
computed tomography, and magnetic resonance angiography
has enabled the clinician to accurately diagnose vascular
diseases noninvasively, thereby avoiding the risks inherent to
invasive procedures. As diagnostic modalities have become less
invasive, therapeutic options have moved from the purely
surgical arena. Innovations in endovascular intervention have
provided less invasive therapeutic strategies for patients
affected by clinically significant atherosclerosis of peripheral
and renal arteries. Endovascular placement of stented grafts is
now employed for selected patients with aortic aneurysms.
Advances in surgical techniques coupled with perioperative
cardiac risk assessment and management have yielded lower
operative mortality and morbidity rates and consequently
improved the outcome for patients with arterial aneurysms,
ischemic extremities, and cerebrovascular disease.

This second edition of the Atlas of Vascular Disease reviews a
number of important vascular disorders that are encountered in
clinical practice, including aortic aneurysms and dissection,
peripheral arterial occlusive disease, renovascular hypertension,
cerebrovascular disease, vasospasm, venous thromboembolism,
venous insufficiency, and lymphedema. For each major vascular
condition, the pathophysiology, clinical presentation, associated
conditions (eg, atherosclerosis, hypertension, and vasculitis),
contemporary diagnostic testing (eg, vascular ultrasonography,
magnetic resonance imaging, and angiography), and therapeutic
strategies are discussed. One of the most perplexing issues
to face the clinician is how to manage the patient undergoing
vascular surgery, since many of these patients have coexisting
coronary artery disease. Therefore, we have devoted a chapter
to preoperative risk assessment, decision analysis, and
medical management.

The chapter on vascular neoplasms logically categorizes and
beautifully illustrates the pathology of these blood vessel
tumors. We have also dedicated a chapter to Kawasaki disease,
an important infectious disease that affects blood vessels,
particularly in children, and one that is of growing interest
to clinicians.

Our understanding of vascular biology is increasing rapidly and
our ability to favorably influence outcome in patients with vascular
disease has never been greater. This atlas is designed to provide the
physician with a practical and informative framework, illustrating
the clinical options in a logical and algorithmic fashion. In addition,
it will serve as a useful teaching aid for those who educate medical
students, house staff, fellows, and colleagues. It is hoped that this
atlas will enable the readers to deal effectively with a broad range
of vascular diseases that are encountered in practice.

MARK A. CREAGER, MD
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AORTIC AND ARTERIAL
criaprer  ANEURYSMS

Mardi Gomberg-Maitland, Jonathan L. Halperin,
and Mark A. Creager

The aorta is the body’s major conductance vessel, through which all oxygenated blood
passes. As an elastic artery, the aortic wall consists of three layers: intima, media, and adven-
titia. The arteries arising along its course give rise to the vasa vasorum, which supply a capil-
lary network to the adventitia and media of the thoracic aorta; however, vasa vasorum do not
supply the media of the abdominal aorta. Systolic ejection of blood from the left ventricle
creates a pressure wave that traverses the aorta producing radial expansion and contraction
and transfer of energy to the aortic wall. During diastole, the aortic wall recoils, transforming
potential to kinetic energy and driving blood into the peripheral vessels.

The term aneurysm originates from the Greek aneurysma, for dilation. The pathologic
concept is distinct from ectasia, the modest generalized arterial dilation that normally
accompanies aging. Aneurysms may be classified anatomically or etiologically; true
aneurysms may be either fusiform or saccular. The limited orifice of a saccular aneurysm
may protect the thin wall from aortic pressure, thereby reducing the risk of rupture, while
the entire circumference of a fusiform aneurysm is exposed to distending forces. Infrarenal
aortic aneurysms, the most common type, are almost exclusively fusiform. Aneurysms are
classified according to the segment of aorta affected, since clinical features depend largely
on location. Aneurysms of more peripheral arteries carry a lower risk of rupture than those
of the aorta, but a greater propensity to thromboembolic complications. A pseudoaneurysm,
or false aneurysm, is essentially a contained arterial rupture, in which the wall of the
aneurysm is composed of thrombotic material; the relatively narrow communication
between the sac and main lumen may resemble a saccular true aneurysm.

Dilatation of the aorta may occur as a consequence of aging, as well as of atherosclerosis,
infection, inflammation, trauma, congenital anomalies, and medial degeneration. The patho-
logic changes that accompany these conditions cause the aorta to thicken, thin, bulge, tear,
rupture, stenose or dissect, or be altered by combinations of these conditions. Atherosclerotic
lesions occur more extensively in the abdominal aorta than in any part of the arterial tree
and initially affect only the intima, but fibrocalcific degeneration leads to secondary atrophy
of the medial layer. The ascending aorta is generally spared by atherosclerosis until the most
advanced stages, and aneurysmal disease of the ascending aorta is more often nonathero-




sclerotic. Cystic medial necrosis, with elastic fiber degen-
eration, necrosis of muscle cells, and cystic spaces filled
with mucoid material, is most frequent in the ascending
aorta but may be seen in the remainder of the aorta as
well, particularly in Marfan syndrome.

In addition to the etiology and location of aortic
aneurysms, the risk of rupture of aortic aneurysms corre-
lates with diameter, accounting for at least 30% of deaths.
Aneurysms typically produce no symptoms prior to
rupture, but a variety of symptom complexes may arise
depending on size and location. Diagnosis of an abdom-
inal aortic aneurysm may be suggested by prominent
widening of the epigastric pulsation. Epigastric bruit is a
nonspecific finding, and other findings on physical
examination reflect co-existing atherosclerosis. Plain
roentgenograms may reveal calcification in the opposing
walls, and ultrasonography helps confirm its size and
demonstrate thrombus formation on the intimal surface
extending into the lumen. Computed tomography accu-
rately outlines the configuration, especially when
enhanced by the intravenous injection of contrast mate-
rial. Magnetic resonance imaging is a sensitive tool for
early detection of dissection. Contrast aortography is
reserved for preoperative definition of the relationship of
the aneurysm to adjacent vascular structures in patients
with concomitant arterial occlusive disease.

The surgical technique for repair of aortic aneurysms
has evolved over the past 50 years since the first resec-
tion of an abdominal aortic aneurysm was reported in
1952 [1]. Today, most surgeons use a modification of the
method advanced by Crawford and Coselli. Following
dissection just beyond the proximal and distal margins of
the aneurysm, heparin is administered and the aorta is
cross-clamped. The aorta is incised, and a woven Dacron
(Dupont, Wilmington, DE) graft is inserted within the
aneurysmal sac and anastomosed to the less diseased
portions. After the anastomoses are complete, the clamps
are released and the wall of the aneurysm is then
wrapped around the outside of the prosthetic graft.

Operative repair of thoraco-abdominal aneurysms still
carries a high mortality rate; major complications include
paraplegia, renal insufficiency, and myocardial infarction.
The outlook for repair of abdominal aortic aneurysms is
considerably better, with in-hospital mortality rates around
1%. There have been several controlled trials comparing

surgical and nonsurgical management of patients with
abdominal aortic aneurysms of 4.0 to 5.5 cm. There is no
survival advantage of early elective repair of small
aneurysms compared with careful surveillance when
surgical repair is deferred until aneurysm size exceeds 5.5
cm or expands at a rate of 1 cm or more per year.

The 5-year survival rate in patients with untreated
aneurysms larger than 5 cm in diameter ranges between
5% and 10%, while the survival rate for such patients
after surgery is over 50%. After recovery from surgical
repair, long-term survival is limited principally by
concomitant coronary or cerebrovascular disease [9]. It is
hoped that the introduction of intraluminal stent graft
repair will reduce the operative mortality of aortic
aneurysm correction, but the relative durability of this
approach compared with conventional open aneurysm-
orrhaphy must be established.

Evaluation and management of patients with
aneurysmal disease of the aorta and peripheral arteries
requires appreciation of the various factors that bear
upon prognosis and careful balancing of the complexity
of surgical intervention against alternative measures to
reduce the risk of rupture. Control of hypertension,
medications that reduce the rate of rise of arterial pres-
sure during systole, and general steps to prevent throm-
boembolic complications and retard progression of
atherosclerotic disease seem of diminishing value as the
expansion of an aneurysm threatens cardiovascular
catastrophe. A successful outcome depends upon close
serial evaluation by means of appropriate noninvasive
imaging methodology and timely, judicious intervention.

Evaluation and management of patients with
aneurysmal disease of the aorta and peripheral arteries
require an appreciation of the factors that influence prog-
nosis and careful balancing of the risk of surgical inter-
vention against the limited nonoperative measures avail-
able to reduce the chance of rupture. Control of
hypertension, medications that reduce aneurysmal wall
stress, and measures to prevent thromboembolic condi-
tions and retard progression of atherosclerotic disease
diminish in value as the expansion of an aneurysm
threatens cardiovascular catastrophe. A successful
outcome depends on close serial evaluation by means of
appropriate noninvasive imaging methodology and
timely, judicious intervention.
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THE NORMAL AORTA

FIGURE 1-1. Histology of the normal aorta.
Compare the composition of elastin in the
aortic wall of a child (A) with that in an
elderly adult (B). Each component of the
aortic wall changes with age: elastic fibers
fragment, collagen becomes more prominent
at the expense of smooth muscle cells, and
acid mucopolysaccharide ground substance
accumulates progressively. The wall
weakens, leading to dilation of the lumen
and elongation and uncoiling of the aortic
arch. The process of ectasia that accompa-
nies aging is distinct from the pathologic
changes that produce aneurysm formation.
(Orcein and Giesen stain; magnification,
X414.) (From Nichols and O’Rourke [2];
with permission.)

CLASSIFICATION OF AORTIC ANEURYSMS

Normal True aneurysms False aneurysm
Intima ?, Hematoma
Media = contained by
Adventitia adventitia or
& perivascular clot
ll—J Fusiform Saccular Hole in intima
Aortic wall :
and media
A C
FIGURE 1-2. Classification of aortic aneurysms. A, The normal because of differences in etiology and natural history. C, A false
aortic lumen is lined by intimal endothelium, a muscular medial aneurysm, or pseudoaneurysm, is essentially a hematoma formed

layer, and a surrounding fibrous adventitia. B, True aneurysms are  when a perforation of the intima and media is contained by a thin
localized dilatations involving all three layers. Circumferential or ~ layer of adventitia or perivascular thrombus. (Adapted from
fusiform aneurysms are distinguished from saccular aneurysms Diminick et al. [3].)
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Thoracic aortic aneurysms

Ascending aorta
Aortic arch
Descending thoracic aorta
Thoraco-abdominal aortic aneurysms
Abdominal aortic aneurysms
Aneurysms involving the origins of the renal arteries
Infrarenal aneurysms
Visceral artery aneurysms
lliac artery aneurysms
Femoropopliteal aneurysms
Carotid artery aneurysms
Aneurysms of other arteries of the extremities

FIGURE 1-3. Anatomic classification of aortic aneurysms, in

which thoracic and abdominal portions are distinguished and

the thoracic aorta is subdivided into ascending, transverse (arch),
and descending segments. Normally, the ascending aorta has a
maximum diameter of 3 cm, the aortic arch 2.5 to 3.5 cm (depending
on body size and age), and approximately 20 cm from the arch the
diameter of the thoracic aorta tapers to about 2 cm. The abdominal
aorta descends in front of the vertebral column approximately 15 cm
and then divides into the two iliac arteries. Along this course, its
diameter narrows further, averaging 1.7 to 1.9 cm and about 2 mm
larger in males than in females.

| AORTIC ANEURYSMAL DISEASE: ETIOLOGIC |
AND ASSOCIATED CONDITIONS

Infectious aortitis
Congenital
Traumatic

Atherosclerosis
Cystic medial necrosis
Vasculitis

FIGURE 1-4. Etiologic and associated conditions of aortic aneurysmal
disease. Dilatation of the aorta may occur as a consequence of aging,
as well as of atherosclerosis, infection, inflammation, trauma,
congenital anomalies, or medial degeneration. The principal conse-
quences of atherosclerosis in the aorta are aneurysmal dilatation and
stenotic obstruction. The former process is more generalized, poten-
tially affecting the entire length of the aorta, while obstruction is
limited mainly to the abdominal portion. The proximal thoracic
aorta is rarely a site of atherosclerotic formation unless there is inde-
pendent disease of the media. When the arch and descending
portions are aneurysmal, there is usually involvement of the abdom-
inal aorta as well, since the abdomen is the most common site of
aneurysm formation.

Congenital aneurysms are often associated with other congenital
cardiac defects such as bicuspid aortic valve or coarctation, and
sometimes involve cystic medial necrosis. Following chest trauma,
aneurysms most often develop in the descending thoracic aorta just
beyond the origin of the left subclavian artery. Aortic aneurysms
resulting from sudden horizontal deceleration injury usually involve
the mobile subclavian isthmus at the ligamentum arteriosus. Vertical
deceleration injuries commonly produce aneurysms of the ascending
aorta. Because of the unpredictable risk of rupture, surgical repair is
usually advised for traumatic aneurysms, even when they are remote
from the inciting injury. Other etiologic subtypes of aortic aneurysms
are discussed in Figures 1-5 through 1-9.

CysTIC MEDIAL NECROSIS

AND THE MARFAN SYNDROME

CAUSES OF CYSTIC MEDIAL
NECROSIS OF THE AORTA

Primary
Marfan syndrome

Ehlers-Danlos syndrome

FIGURE 1-5. Causes of cystic medial necrosis of the aorta. Histologic evidence of severe
elastic fiber degeneration, necrosis of muscle cells, and cystic spaces filled with mucoid
material (see also Fig. 1-6) are most often encountered in the ascending aorta from the
region of the valve to the brachiocephalic artery, although similar changes may occur in
the remainder of the aorta as well. Aneurysms in these cases are almost invariably
fusiform. Aortic regurgitation may occur as a consequence of dilatation of the aortic root
even though the valve leaflets themselves are unaffected histologically.
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FIGURE 1-6.
Histologic changes

of medial degenera-
tion progressing to
cystic medial necrosis
of the aorta. A, Mild
elastic tissue fragmen-
tation in a patient
with Marfan
syndrome. B, Higher-
power photomicro-
graph of a section of
the aortic wall from
another patient
demonstrating cyst
formation (asterisk),
with depletion of
elastic tissue, focal
loss of medial smooth
muscle cells, and
mucopolysaccharide
accumulation.

C, Advanced cystic
medial necrosis,

with gross deficiency
of elastic tissue.

D, Normal aorta,

for comparison.

All sections were
prepared with a stain
in which elastic tissue
appears black. (From
Schoen [4]; with
permission.)



FIGURE 1-7. The aorta in Marfan syndrome. This syndrome is an inherited disorder charac-
terized by arachnodactyly, redundant ligaments, ectopia lentis, ascending aortic dilatation,
and incompetency of the aortic and /or mitral valves. Aneurysms in this disorder are char-
acterized by annulo-aortic ectasia involving the sinuses of Valsalva and the tubular portion
of the aorta, and are produced by degeneration of elastic fibers and accumulation of
mucoid material within the medial layer of the aortic wall, grossly resembling cystic medial
necrosis. Dissection is relatively frequent and may involve the entire length of the aorta,
with or without other histologic features of the syndrome or aortic valvular incompetence.
True dissection tends not to develop in cases in which fusiform aneurysm formation is
present in patients with Marfan syndrome, such that there are two patterns of presentation:
dissection and aneurysmal degeneration. (From Creager et al. [5]; with permission.)

MISCELLANEOUS CAUSES OF
AORTIC ANEURYSMAL [DISEASE

VASCULITIS SYNDROMES
ASSOCIATED WITH AORTIC
ANEURYSM FORMATION

Takayasu’s arteritis

Giant cell arteritis
Ankylosing spondylitis
Rheumatoid arthritis
Reiter’s syndrome
Relapsing polychondritis

INFECTIOUS CAUSES OF AORTIC |

ANEURYSMAL DISEASE

Syphilitic aortopathy

Tuberculous aortopathy

Mycotic aneurysms
Staphylococcus
Sff’(.‘.u')ff}(.'(}f.'(.'US
Salmonella

Pseudomonas species

FIGURE 1-8. Vasculitis syndromes associated with aortic aneurysm formation. Takayasu’s
arteritis, also designated “pulseless disease” or “idiopathic medial aortopathy,” is a chronic
vasculitis of unknown etiology, with a predilection for the aorta and its primary branches.
Aneurysms may be associated with thromboembolic phenomena, but rupture

is uncommon. Giant cell arteritis, typically occurring in individuals over 55 years of age,
affects more distal arteries of the upper half of the body than arteritis of the Takayasu type;
aneurysmal complications are less frequent in the aorta. Among the seronegative spondy-
loarthropathies, ankylosing spondylitis is associated with several cardio-aortic anomalies,
including aortic regurgitation, dilatation, and dissection. Abnormalities of the proximal
aorta associated with ankylosing spondylitis include dilatation of the valve annulus,
fibrous thickening and focal inflammation of the valve cusps (which may prolapse into

the left ventricular cavity), dilatation of the sinuses of Valsalva, and degeneration of the
medial layer of the aortic wall. Rheumatoid arthritis, relapsing polychondritis, and Reiter’s
syndrome have each been associated with dilatation of the aorta, sometimes accompanied
by valvular aortic regurgitation.

FIGURE 1-9. Infectious causes of aortic aneurysmal disease. Syphilitic aneurysms are
typically saccular, and involve the ascending aorta whether or not the transverse and
descending portions are also affected. Rupture is the major complication, but the enlarging
aneurysm may also compress or erode adjacent structures of the mediastinum. Since the
inflammatory process tends to interrupt the medial layer by transverse scars, dissection is
uncommon. Linear calcification of the wall of the ascending aorta may appear on
roentgenography of the chest, a finding not typically encountered in other types of
aneurysmal disease of the ascending aorta. Tuberculous aneurysms result usually from
direct extension of infection from hilar lymph nodes and subsequent granulomatous
destruction of the medial layer leading to loss of aortic wall elasticity. The posterior or
posterolateral aortic wall is usually the site of saccular aneurysm formation in such cases.
Primary mycotic aneurysms may arise as complications of infective endocarditis or arterial
catheterization. An intrinsically abnormal aorta, however, may become infected as a conse-
quence of bacteremia from any cause, producing suppurative aortitis leading to weakness of
a portion of the aortic wall. In these cases aneurysms are typically saccular, with a compara-
tively high propensity to rupture.
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AORTIC IMAGING METHODS

DIAGNOSTIC METHODS FOR |
IMAGING OF THE AORTA b

Plain roentgenography
Ultrasound imaging
B-mode and duplex ultrasound
Transthoracic echocardiography
Transesophageal echocardiography
Computed tomography
Magnetic resonance imaging
Contrast aortography

FIGURE 1-10. Diagnostic methods for imaging of the aorta. Plain roentgenography
frequently suggests the diagnosis in asymptomatic patients. Anteroposterior or “across-
table” lateral views may reveal calcification in the opposing walls of an aortic aneurysm.
Two-dimensional echocardiography may be employed to assess the proximal ascending
aorta. Ultrasound examination provides accurate estimates of the diameter of the abdominal
aorta and may demonstrate thrombus formation on the intimal surface extending into the
lumen. Contrast-enhanced computed tomography is both sensitive and specific for assess-
ment of aneurysms of the thoracic aorta and is particularly useful for outlining the length as
well as the diameter and shape of thoraco-abdominal aortic aneurysms. Magnetic resonance
imaging, which avoids nephrotoxic contrast agents, increasingly is favored as a noninvasive
method for diagnosis of aortic aneurysms. Contrast aortography is the principal diagnostic
test for confirming an aneurysm of the thoracic aorta and for determining morphology.
Although noninvasive diagnostic procedures may establish the diagnosis, aortography often
is performed preoperatively to address the length of the aneurysm and involvement of
branch vessels prior to operative correction of thoraco-abdominal aneurysms.

FIGURE 1-11. Chest roentgeno-
grams in the posteroanterior (A)
and left lateral (B) projections of
a 43-year-old man with asymp-
tomatic aneurysmal dilation of
the ascending aorta. Increasingly
recognized is the association of
proximal aortic dilation with
congenital bicuspid aortic valve,
with or without hemodynami-
cally significant valvular stenosis
or regurgitation. Whether this

is mediated by cystic medial
necrosis of the aorta in all or
some cases is not yet clear.

FIGURE 1-12. Magnetic resonance imaging scans of the thorax of the patient

in Figures 1-11 and 1-13 demonstrate 5-cm diameter fusiform dilatation of

the ascending aorta in the sagittal (A) and transverse (B) planes. The aorta
narrows to normal diameter at the level of the arch. Arrows designate the dilated
ascending aortic segment.

AORTIC AND ARTERIAL ANEURYSMS
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FIGURE 1-13. Contrast-enhanced computed tomography scan of the FIGURE 1-14. Aneurysm of the ascending aorta (Asc Ao), meas-
thorax of the patient in Figures 1-11 and 1-12, illustrating dilatation of ~ uring 4.8 cm in diameter at the level of the sinuses of Valsalva,
the proximal portion of the ascending aorta without dissection. imaged by transesophageal echocardiography. The
relative accuracy of the various vascular imaging modalities for
measurement of the aortic diameter and identification of early
markers of rupture or dissection is controversial. Brackets mark
the ends of the line of measurement. AoV—aortic valve; LA—left
atrium; PA—pulmonary artery; RA—right atrium.

FIGURE 1-15. Chest roentgenogram of a patient with annulo-aortic
ectasia involving the transverse arch. (From Cooley [6]; with
permission.)

FIGURE 1-16. Thoracic aortogram demonstrating a saccular
aneurysm (arrowhead) involving the aortic arch. (From Creager et al.
[5]; with permission.)
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THORACO-ABDOMINAL AORTIC ANEURYSMS

FIGURE 1-17. Classification of
thoraco-abdominal aortic aneurysms.
Type I aneurysms involve most of the
descending aorta from near the origin

of the left subclavian artery to the
abdominal vessels, but the renal arteries
are not involved. Type II aneurysms also
begin near the origin of the left subcla-
vian artery, but extend below the origins
of the renal arteries in the abdomen.
Type Il aneurysms arise more distally
and involve less of the descending
thoracic aorta but often involve more

of the abdominal aorta than type I and II
aneurysms. Type IV aneurysms arise at
the level of the diaphragm and typically
extend to a point below the origins of
the renal arteries. (Adapted from
Crawford and Coselli [7].)

FIGURE 1-18. Aortograms demonstrating an extensive thoraco- B, Descending thoracic aorta. C, Abdominal aorta. (From Creager
abdominal aortic aneurysm. A, Ascending thoracic aorta. et al. [5]; with permission.)
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FIGURE 1-19.
General technique
for endoaneurys-
morrhaphy for
repair of aortic
aneurysms.
Emphasis is on
repair and restora-
tion of circulatory
continuity rather
than on excision.
(Adapted from
Cooley [6].)

FIGURE 1-20. Repair of thoraco-abdominal aortic aneurysm using
the graft inclusion technique, with anastomosis of intercostal and
visceral vessels. The procedure involves a thoraco-abdominal inci-
sion, cross-clamping of the thoracic aorta, and replacement of the
aneurysmal segment of the aorta. Here the lateral aspect of the
aorta is incised (left), and an intraluminal graft is incorporated
within the opened aneurysmal sac (center), incorporating intercostal
and visceral arterial ostia. The completed graft is then surrounded
by the collapsed walls of the aneurysm (right). Cardiac afterload

is reduced pharmacologically during the procedure, and renal
perfusion with a chilled crystalloid solution may be employed.
(Adapted from Whittemore and Mannick [8].)

ABDOMINAL AORTIC ANEURYSMS

FIGURE 1-21. Epidemiology of abdominal

aortic aneurysms. (Adapted from Ernst [9].)
EPIDEMIOLOGY OF ABDOMINAL AORTIC ANEURYSMS

Incidence 12/100,000 population in 1950 — 36/100,000 in 1980
Mortality 15,000/y among population >55 years of age
Gender ratio 2:1 male predilection

Race differential ~ 4.2% incidence in white males vs 1.5% in black males

Comorbidity Occur in 5% of patients with coronary disease and 10% of those
with atherosclerotic peripheral arterial disease

Surger 40,000 operations for repair/
gery p pair/y

Cost of rupture 2000 deaths/y; $50 million spent in medical costs over elective
repair
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A. PREVALENCE OF ABDOMINAL AORTIC
ANEURYSM, BY SIZE

DIAMETER, CM
23.0
=4.0
=5.0
26.0
=27.0
=>8.0

PREVALENCE, %

4.2
1.3
0.5
0.2
0.1
0.03

FIGURE 1-22. Prevalence of abdominal aortic aneurysm (AAA).

A, Prevalence of AAA by diameter in the Veterans Administration
Cooperative Study of 126,196 men between 50 and 79 years of age
with no history of documented AAA who underwent ultrasound
screening [10]. Age, smoking, family history of AAA, and athero-
sclerotic diseases remained the principal positive associations.

" |A. VARIABLES ASSOCIATED WITH ANEURYSM RUPTURE |

BASELINE
VARIABLE*

Age, vy

Female sex

AAA diameter, cm
Current smoker®

HAZARD RATIO
1.02 (0.93-1.13)
4.50 (1.98-10.2)
2.51 (1.08-5.80)
2.11 (0.95-4.67)
1.04 (1.02-1.07)

P

0.67
0.0
0.032
0.066
0.002

Mean BP, mm Hg

*Cox regression analysis; all baseline variables adjusted for one another.

fPeople who never smoked and ex-smokers were combined and
compared with current smokers.

FIGURE 1-23. Variables associated with abdominal aortic aneurysm
(AAA) rupture. A, In addition to initial AAA diameter in the United
Kingdom Small Aneurysm Trial of 2257 patients, estimated hazard
ratios identified female gender, higher mean arterial blood pressure
(BP), and current smoking, as factors associated with increased risk
of aneurysm rupture. The cohort included patients whose AAA
diameter never exceeded 4.0 cm or who were unfit for or refused
surgery. When the analysis was limited to a more homogenous
group of 1090 otherwise healthy patients with AAAs 4.0 to 5.5 cm
in diameter (with 25 that ruptured), current smoking had border-
line significance, while initial AAA diameter, female gender, and
higher mean BP were independently and significantly associated
with rupture [12]. B, Mortality from ruptured AAAs. Women in

B. PREVALENCE OF ABDOMINAL AORTIC
ANEURYSM, BY SEX

PERCENTAGE WITH AAA

AGE, y MEN WOMEN
65 5.9 0
65-70 5.9 1.0
71=-75 9.0 1.8
76-80 9.2 1.6

7.6 1.3

Total

B, Prevalence of AAA in 9342 women and 6433 men between the
ages of 65 and 80 years in Chichester, United Kingdom. The preva-
lence of AAA in women was six times lower than that in men for
all age groups; the overall prevalence was 1.3% in women
compared with 7.6% in men [11].

70
| B Men

o B Women ——
-
o
=
k=
=}
=

<65 65-69 70-74 75-79

B Age range, vy

whom AAAs 3 cm in diameter or larger were detected in the study
by Scott et al. [11] were followed with repeat ultrasonography at
intervals depending on the diameter of the aneurysm. Surgical
repair was considered when the aortic diameter measured 6 cm or
more, the diameter increased by 1 cm or more annually, or symp-
toms developed. The number of deaths from aneurysm rupture in
the unscreened local population is shown by age and gender. More
than half the deaths from ruptured aneurysms in men occurred
before age 80 years, while the majority of women (70%) died from
rupture after age 80 years [11].
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FIGURE 1-24. Abdominal aortogram demonstrating an infrarenal fusiform abdominal aortic
aneurysm. In over 90% of cases, the superior margins of abdominal aortic aneurysms are below the
level of the renal arteries. The average rate of expansion was 0.21 cm/y in one series, and 24%
expanded faster than 0.4 cm/y. In 24,000 consecutive autopsies performed over a 23-year period
there were 591 cases of abdominal aortic aneurysm. One hundred eighteen had ruptured. Of these,
9.5% were smaller than 4 cm in diameter; 25% were 4 to 7 cm in diameter; 45% were 7 to 10 cm;
and 60% were larger than 10 cm. (From Creager et al. [5]; with permission.)

FIGURE 1-25. Computed tomographic images of patients showing surrounding mural thrombus. B, Another case imaged without
abdominal aortic aneurysms located immediately anterior to the intravenous contrast in which an adjacent vertebral body has been
vertebral column. A, The aortic lumen is highlighted by an intra- eroded. (From Creager et al. [5]; with permission.)

venous contrast agent, and can be distinguished from the
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FIGURE 1-26. Autopsy specimen of an
atherosclerotic abdominal aortic aneurysm
following fatal rupture. A, Open view,
demonstrating extensive intraluminal
thrombosis. B, Closed anterior view. The
site of rupture appears as a dark crescent-
shaped patch on the anterolateral surface
(arrow). (From Schoen [4]; with permission.)

FIGURE 1-27. Comparative survival data for patients with abdom-
inal aortic aneurysms without surgery. Three-year survival based

Diameler < 6 ¢m on an aneurysmal diameter greater than (n = 61) or less than

Diameter > 6 cm (n=44) 6 cm.

I
o

Length of survival, y

10
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Early-surgery group 563 513 489 465 429 402 371 253 154 66

FIGURE 1-28. Surveillance versus early surgical repair of small abdominal aortic
aneurysms (AAAs). The risk of rupture seems low for AAAs smaller than 5 cm in
diameter. The United Kingdom Small Aneurysm Trial [14] and a Veterans Administration
Cooperative Study [15] addressed whether early elective surgery would reduce mortality.
In the United Kingdom study, 1090 patients 60 to 76 years of age with asymptomatic
AAAs 4.0 to 5.5 cm in diameter were randomized to early elective open surgery (n = 563)
or ultrasonographic surveillance (n = 527) and were followed for a mean of 8 years, with
surgical repair recommended if the diameter of aneurysms in the surveillance group
exceeded 5.5 cm. There was a survival disadvantage for patients in the elective surgery
group early in the follow-up period, balanced by a higher rate of aneurysm rupture in the
surveillance group. Mortality did not differ significantly between groups at 8 years,
though women had a higher risk of aneurysm rupture than men. Ultrasonographic
surveillance for small AAAs was a safe initial strategy [14]. Findings in the Veterans
Administration Cooperative Trial were similar [15].
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FIGURE 1-29. Surgical technique for repair of infrarenal abdominal
aortic aneurysm. A, Following retroperitoneal exposure, the
aneurysm is isolated between occluding cross-clamps and the sac is
incised longitudinally. B, Intraluminal thrombus is evacuated and
backbleeding lumbar vessels are oversewn. C, The proximal anasto-

mosis is formed by continuously suturing the graft end-to-end to
the neck of the aneurysm. D, The distal anastomosis is completed at
the aortic bifurcation, also using monofilament suture. E, After flow
is restored, the wall of the aneurysm is reapproximated over the
graft to protect adjacent viscera. (Adapted from Greenhalgh [16].)
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FIGURE 1-30. Intraoperative photograph showing retroperitoneal FIGURE 1-31. Intraoperative photograph showing a tubular poly-
exposure for repair of an abdominal aortic aneurysm. ethylene terephthalate (Dacron; Dupont, Wilmington, DE) aortic
graft in place following repair of abdominal aortic aneurysm.

FIGURE 1-32. Outcome of surgery for repair

of intact abdominal aortic aneurysm.
RESULTS OF SURGERY FOR NONRUPTURED ABDOMINAL (Adapted from Ernst [9].)

AORTIC ANEURYSMS

STUDY

STUDY PERIOD  PATIENTS, n DEATHS, n MORTALITY, %

Crawford et al. [17] 1955-1980 860 41 4.8
McCabe et al. [18] 1972-1977 364 9 2.5
Diehl et al. [19] 1974-1978 350 18 5.1
Hertzer et al. 20| 1978-1981 840 55 6.5
Donaldson et al. [21] 1972-1983 476 24 5.0
Reigel et al. [22] 1980-1985 499 14 2.8
Green et al. [23] 1983-1987 379 8 2.1
Johnston [24] 1986 666 32 4.8
Leather et al. [25] Not stated 299 11 8.7
Sicard et al. [26] 1983-1988 213 3 1.4
Colden et al. [27] 1973-1989 500 8 1.6
AbuRahma et al. (28| 1983-1987 332 12 3.6
Ernst [9] 1980-1989 710 25 3.5

Total — 6488 260 4.0
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_ INDICATIONS FOR SURGERY OF AORTIC ANEURYSMS '

A - FIGURE 1-33. Outcome of surgery for
. ruptured abdominal aortic aneurysm.

ESULTS OF SURGERY FOR RUPTURED ABDOMINAL AORTIC ANEURYSM | I (Adapted from Ernst [9].)
STUDY STUDY PERIOD  PATIENTS, n DEATHS, n MORTALITY, %
Crawford et al. [17] 1955-1980 60 14 23,
McCabe et al. [18] 1972-1977 73 38 52
Wakefield et al. [29] 1964-1980 60 52
Hoffman et al. [30] 1975-1979 58 38
Donaldson et al. [21] 1972-1983 35 43
Meyer et al. [31] Not stated 45 46
Shackleton et al. [32] 1975-1985 43 41
Chang et al. [33] 1983-1989 ; 25
Quriel et al. [34] 1979-1988 < 55
Sullivan et al. [35] 1978-1989 35
AbuRahma et al. [36] 1983-1987 62
Harris et al. [37] 1980-1989 64
Johansen et al. [38] 1980-1989 69
Gloviczki et al. [39] 1980-1989 . 45
Ernst [9] 1980-1989 45

Total — 49

& N FIGURE 1-34. Late survival after repair of

LATE SURVIVAL AFTER REPAIR OF AN ABDOMINAL AORTIC ANEURYSM | oaSrfor 2oric anevrysm. (Adapted from

SURVIVAL RATE, %
STUDY STUDY PERIOD PATIENTS,n  1-YEAR  5-YEAR  10-YEAR
Crawford et al. [17]* 1955-1980 860 95 62 38
Hollier et al. [40]* 1970-1975 1066 91 68
Reigel et al. [22] 1980-1985 499 95 74
Ernst [9] 1980-1989 801 87 64
Total® — 3226 92 67

*Ruptured aneurysms were included in this study.
YSurvival rates shown are averages for the four studies.

FIGURE 1-35. Indications for surgery of
aortic aneurysms.

e e

ASCENDING THORACIC AORTA ABDOMINAL AORTA
Marfan syndrome 5 cm maximal diameter
5 cm maximal diameter Enlargement faster than 1 cm annually
All patients Symptomatic compression of surrounding
6 cm maximal diameter structures

Enlargement >1 cm annually Aortic wall tenderness

Symptoms resulting from compression ~ Intestinal ischemia
of surrounding tissues Distal atheroembolism
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FIGURE 1-36. Treatment of infrarenal abdominal aortic aneurysm
with a percutaneous intraluminal stent graft. The compressed stent
is introduced transfemorally on a deployment catheter (A) and
positioned with its proximal end above the point of aneurysmal
dilatation (B). The stent is deployed over an expandable balloon (C)
and then extruded distally within the lumen, terminating above the
iliac bifurcation (D). (Adapted from Parodi et al. [41].)

FIGURE 1-37. Example of a commercially available aortic stent-graft system. The modular
stent graft components consist of a thin-walled, woven polyester graft supported by a
nickel-titanium alloy. The modular components are a main bifurcated segment and
contralateral iliac limb. Modular proximal (aortic) and distal (iliac) extender cuffs allow
adjustment of length [42].
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FIGURE 1-38.
Diagram showing
an intraluminal stent
graft in place in an
infrarenal aneurysm
of the abdominal
aorta. (Adapted from
Parodi et al. [41].)

FIGURE 1-40.
Computed tomo-
graphy scan of a
leak from an intra-
luminal stent graft
into the aneurysm
sac (endoleak) that
occurred following
stent grafting of an
abdominal aortic
aneurysm.
(Courtesy of Michael
L. Marin, MD.)

FIGURE 1-39. Abdominal aortograms obtained before (A) and after
(B) percutaneous placement of an intraluminal stent graft. (From
Parodi et al. [41]; with permission.)

FIGURE 1-41. Digital subtraction angiogram demonstrating retro-
grade flow in lumbar, accessory renal, and inferior mesenteric
arteries resulting from an endoleak following stent-graft repair of
an abdominal aortic aneurysm. The optimum method for detection
of endoleaks and the approach to clinical management remain
controversial. Some advocate early postoperative computed tomo-
graphic imaging and open surgical repair, while others recommend
an expectant observational approach without intervention in the
absence of symptoms or hemodynamic compromise. (Courtesy of
Michael L. Marin, MD.)
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FIGURE 1-42. Durability of endovascular
versus open surgical repair of abdominal
aortic aneurysms (AAAs). In a nonrandom-
ized study of 337 patients undergoing
repair of AAAs, the conventional open
surgical technique was used on 163 cases
and endovascular repair was performed on
174 patients using a variety of devices.
Endovascular repair resulted in less initial
morbidity and shorter length of hospital
stay compared with conventional surgery
(5 vs 8 days; P = 0.009). Each year, 5% of
patients were readmitted to the hospital
after open repair compared with 29% of
those undergoing endovascular repair

(P <.001). The most common reason for
readmission was endoleak occurring within
the first few months following repair [43].

FIGURE 1-43.
Abdominal
angiogram demon-
strating bilateral iliac
aneurysms. (From
Creager et al. [5];
with permission.)

FIGURE 1-45.
Mycotic aneurysm
of the superior
mesenteric artery
that was subse-
quently excised;
arterial reconstruc-
tion was achieved
using autologous
saphenous vein
grafts. (From
Whittemore and
Mannick [8]; with
permission.)

FIGURE 1-44.
Nephrographic
tomogram of the
abdomen ina
patient with hyper-
tension. The round
density in the left
upper quadrant
was later found at
angiography to
represent a splenic
artery aneurysm.
(From Joyce [44];
with permission.)
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FIGURE 1-46. Right
transfemoral angio-
gram demon-
strating leaking
pseudo-aneurysm
of the profunda
femoris artery that
developed
following blunt
limb trauma in a
patient with insuffi-
ciency of the aortic
valve. (From Squire
et al. [45]; with
permission.)



FIGURE 1-48. Femoral artery pseudo-
aneurysm. A, Color-enhanced duplex
ultrasonogram of a femoral artery
pseudoaneurysm. Femoral artery pseudo-
aneurysm is a frequent complication of
diagnostic or therapeutic catheterization.
Diagnosis may be suggested by detection
of a systolic bruit over the groin in a
patient with a large hematoma, and
confirmed by color-enhanced duplex ultra-
sonography. B, Obliteration using
thrombin injection. Femoral arterial
pseudoaneurysms may thrombose sponta-
neously or require closure by ultrasound-

FIGURE 1-47. Angiographic demonstration of bilateral popliteal aneurysms. (From Joyce
[44]; with permission.)

't

guided compression, thrombin injection, or surgical repair. C, In this example, local injec-
tion of 0.5 to 1 mL of a 2000 U/mL solution of activated thrombin into the neck of the
pseudoaneurysm under ultrasound visualization was used to induce thrombosis [46].
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crinprer AORTIC DISSECTION

Eric M. Isselbacher

Aortic dissection, also known as dissecting aortic aneurysm, is a life-threatening condition
with an early mortality as high as 1% per hour [1]. However, with prompt diagnosis and the
institution of appropriate medical or surgical therapy, a patient’s chance of early survival can
be as high as 74% to 92% [2]. While most cases of aortic dissection present with classic symp-
toms, such as severe “sharp” or “stabbing” chest pain, other cases present with much less
specific signs or symptoms, making diagnosis a challenge. Therefore, vigilance for any risk
factors, symptoms, or physical findings consistent with aortic dissection is essential if a
timely diagnosis is to be made.

Once aortic dissection is suspected clinically, its presence or absence must be determined
with an imaging study. Options include computed tomography, magnetic resonance
imaging, transesophageal echocardiography, and aortography. Knowledge of the
relative advantages and disadvantages, diagnostic performance, and practical utility of each
of these imaging modalities is essential when selecting among them.

When an aortic dissection is suspected clinically, medical therapy should still be instituted
immediately and continued until a conclusive diagnosis has been established. If the
presence of an aortic dissection is confirmed, definitive treatment is initiated with either
medical therapy or direct surgical repair, based on the location of the dissection (proximal or
distal) as well as several other factors. Even with successful “definitive” in-hospital treat-
ment of aortic dissection, patients remain at considerable risk for late complications such as
recurrence or extension of the aortic dissection as well as aortic aneurysm formation and
rupture. These patients should be managed indefinitely with B-blockers and antihyper-
tensive therapy, and should undergo serial imaging with either computed tomography or
magnetic resonance imaging at least annually for life.




PATHOGENESIS

FIGURE 2-1. The mechanism of intimal tearing in aortic dissection.
This illustration shows the two possible mechanisms for the
pathogenesis of aortic dissection. A, In this mechanism of intimal
tear, which is believed to be the more likely one, there is a primary
intimal tear followed by dissection of blood from the aorta into
the media. Propagation usually occurs antegrade, driven by the
natural forward pressure of blood flow in the aorta, but retro-
grade propagation may occur as well. The presence of an intimal
tear allows the transmission of aortic pressure into the disrupted
media, causing progressive separation of the tissue planes and
propagation of the dissection. B, In this mechanism, the primary
event is rupture of the vasa vasorum with hemorrhage in the
aortic media and then through the intima into the aortic lumen.
When such medial hemorrhage occurs without intimal rupture, it
Adventitia ¢ produces a variant of aortic dissection called intramural
hematoma (see Fig. 2-46). (Adapted from Eagle et al. [3].)
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ETIOLOGY OF AORTIC DISSECTION:
PREDISPOSING FACTORS

Advanced age (mean age, 63 years)
Male gender (65%)

History of hypertension (72%)
Known aortic aneurysm (16%)
Marfan’s syndrome (5%)

Bicuspid aortic valve (5%)
Peripartum period of pregnancy (1%)
Cardiac catheterization (2%)

Prior cardiac surgery (18%)

FIGURE 2-3. Etiology of aortic dissection in 464 patients in the
International Registry of Aortic Dissection. Other uncommon but
important predisposing factors include cocaine abuse and blunt
trauma. Any disease process or other condition that undermines the
integrity of the aortic media (either its elastic or muscular compo-
nent) may predispose to aortic dissection. Cystic medial necrosis is
the common denominator in nontraumatic cases. Elderly patients
with a history of hypertension are the most typical population
presenting with aortic dissection. Patients with Marfan syndrome
are at particularly high risk for aortic dissection, as well as recurrent
dissections, and therefore often require a more aggressive diagnostic
and therapeutic approach.

FIGURE 2-2. Histologic section demonstrating medial hemorrhage.
This specimen is from the aorta of a patient who suffered an aortic
dissection. Note the presence of blood (B), which has cleaved the
laminar planes of the media (M) and thus dissected the aortic
wall. Also evident is a small hematoma (H) within the media.

A—adventitia; [.——intima.
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FIGURE 2-4. Histologic specimen of cystic
medial necrosis. This section is from a
patient with Marfan syndrome and a prior
healed aortic dissection showing a portion
of aortic tissue uninvolved by the dissec-
tion. Note the extensive areas of cystic
medial necrosis (arrows) in which the usual
elastic lamellar appearance of the media

is disrupted. Cystic medial necrosis is
found in many but not all patients who
suffer aortic dissection.

CLASSIFICATION OF AORTIC DISSECTION
BY ITS DURATION

TIME ELAP INCE ONSET OF SYMPTOMS

< 2 weeks
> 2 weeks

DeBakey Type |

JUVY

FIGURE 2-5. Classification of aortic dissection by its duration. The
early mortality and risk of progression of aortic dissection are
greatly influenced by the age of the dissection, with risk
decreasing over time. Accordingly, therapeutic strategies may be
quite different for a dissection that presents acutely versus one
that has become chronic. Two weeks or more is defined as the age
at which an aortic dissection is considered “chronic,” because it is
at about this time that the mortality curve for untreated aortic
dissection begins to level off.

FIGURE 2-6. Classification of aortic dissection by the extent of
aortic involvement. This diagrammatic representation of aortic
dissection shows the anatomy of the three most common types.
The intimal tear is represented by the arrows, which cross from
the true lumen out into the false lumen (represented here by the
darker red). Three classification systems are commonly used to
describe aortic dissections. These three systems share the same
basic principle of distinguishing dissections that involve the
ascending aorta from those that do not, because involvement of
the ascending aorta has important prognostic and therapeutic
implications. Most would consider involvement of the ascending
aorta an indication for surgery, while a lack of involvement would
favor medical therapy. Since management of DeBakey types I and
I is usually similar, the other classification systems have
combined these two types into a single group, called type A or
proximal. Type A aortic dissections outnumber type B aortic
dissections by approximately 2 to 1. (Adapted from Eagle et al. [3].)

Stanford Type A Type B
Descriptive I— Proximal —I Distal
AORTIC DISSECTION
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TEAR IN AORTIC DISSECTION

SITE OF INTIMAL TEAR PERCENT

Ascending aorta 61

Aortic arch 9
Descending aorta 29
Abdominal aorta 1

FIGURE 2-7. The relative frequency of sites of intimal tear in aortic
dissection. The large majority of aortic dissections originate from
an intimal tear in either the proximal ascending aorta within
several centimeters of the aortic valve or in the descending aorta
just distal to the origin of the left subclavian artery. In addition to
the multiple sites of origin, aortic dissections may also differ with
respect to the extent of the aorta (proximal and/or distal to the
site of intimal tear) involved by the dissection. (Adapted from
Richartz et al. [4].)

| RELATIVE FREQUENCY OF SITES OF INTIMAL |

FIGURE 2-8.
Pathologic spec-
imen showing

an intimal tear.
Shown is a spec-
imen of the aortic
root from a
patient with

a proximal

aortic dissection
demonstrating a
discrete intimal
tear (white arrow)
just distal to the
sinus of Valsalva
(black arrow).
Proximal aortic
dissections most
commonly origi-
nate within a few
centimeters of the
aortic valve.
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FIGURE 2-9. Pathologic specimen showing the true and false
lumina. Shown is a specimen of the aortic root from a patient with
a proximal aortic dissection who underwent an attempted aortic
repair using a composite aortic root graft (G) with a Starr-Edward
prosthetic valve (large arrow). The true and false lumina are identi-
fied, with the aortic graft positioned within the true lumen. The
tip of a probe (small arrow) can be seen within the false lumen.
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CLINICAL MANIFESTATIONS

i FIGURE 2-10. Presenting symptoms in 464

L patients with aortic dissection [2]. The
by TYPICAL PRESENTING SYMPTOMS IN 464 PATIENTS majority of patients with acute aortic
WITH AORTIC DISSECTION

dissection present with severe thoracic
Bt s D T R e s s e - sl = pain,either anterior or interscapular, or

TYPE OF AORTIC DISSECTION both. The pain may be migratory and its

location often, but not always, correlates
| SYMPTOM ALLIN=464). %  TYPEA(N=289). % IYPEB(N=175).% with the segments of the aorta involved.
Pain 96 94 98 The pain is typically of sudden onset, is

Chest 73 79 63 ; most severe at its start, and is most often

Anterior 61 71 44 described as “sharp,” “stabbing,” or

Posterior 36 33 41 tearing” in quality. The pain is often

) = distinguished from the pain of angina or
Back 53 47 64 ial infarcti .

— 3D 55 43 myocardla infarction by its sudden onset,
e ' : in contrast to the typical crescendo nature
Abrupt onset 89 85 84 of the pain of coronary ischemia. (Adapted
Severe 91 90 90 from Hagan etal. [2])

Sharp 64 62 68
Tearing 51 49 52
Syncope 9 13 4

FIGURE 2-11. Pertinent physical findings in
464 patients presenting with aortic dissec-
tion. Hypertension is seen in 70% of

PERTINENT PHYSICAL FINDINGS IN 464 PATIENTS

WITH AORTIC DISSECTION patients with type B aortic dissection,
T AN oL _ whereas hypotension and shock occur
TYPE OF AORTIC DISSECTION | more commonly with type A aortic dissec-
tion. The associated findings of pulse
i ) ALL > TYPEA 2 LEFB deficits (or unequal blood pressures), the
PHYSICAL FINDING (N=464). 2% (N=289).% (N=175)% § murmur of aortic insufficiency, and cere-
Hypertension (SBP 2 150 mm Hg) 49 36 70 brovascular accidents occur much more
Normotensive (SBP 100-149 mm Hg) 35 40 26 often with type A than with type B aortic
Hypotensive (SPB 80-99 mm Hg) 8 12 2 dissection. Al—aortic insufficiency; SBP—
Shock (SBP < 80 mm Hg) 8 13 ) systolic blood pressure. (Adapted from
Auscultated murmur of Al 32 44 12 Hagan et al. [2].)
Pulse deficil 15 19
Cerebrovascular accident 5 6 2
Congestive heart failure 7 9
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FIGURE 2-12. The mechanisms by which aortic dissection may
cause loss of pulses. A, The intimal flap and false lumen extend
into the right innominate artery to narrow or occlude the lumen.
B, A mobile portion of the intimal flap has folded over the orifice
of the right innominate artery, obstructing blood flow. (Adapted
from Eagle et al. [3].)

FIGURE 2-13. The mechanisms by which aortic dissection may
induce aortic regurgitation. A, Normal aortic valve anatomy, with
the leaflets suspended (dotted lines) from the sinotubular junction.
B, A type A dissection dilates the ascending aorta, in turn
widening the sinotubular junction from which the aortic leaflets
hang so that the leaflets are unable to coapt properly in diastole
(incomplete closure). Aortic regurgitation (arrow) results.

" | ROENTGENOGRAPHIC FINDINGS IN PATIENTS
i WITH AORTIC DISSECTION

T

S e = e S e T T

FINDING

Widened superior mediastinum
Abnormal aortic contour
Displacement of intimal calcium

PERCENT
62
50
14
19
12

Pleural effusion (typically on left)
Normal chest radiograph

C, A type A dissection extends into the aortic root and detaches an
aortic leaflet from its commissural attachment to the sinotubular
junction, resulting in diastolic leaflet prolapse. D, In the setting of
an extensive or circumferential intimal tear, the unsupported
intimal flap may prolapse across the aortic valve and into the left
ventricular outflow tract, preventing normal leaflet coaptation.
(Adapted from Isselbacher [5].)

FIGURE 2-14. Roentgenographic findings in patients with aortic
dissection. While the radiographic findings associated with aortic
dissection may be helpful in raising or supporting one’s clinical
suspicion for the presence of dissection, they remain nevertheless
quite nonspecific. Sometimes these radiographic changes are
subtle and are only recognized when the film is compared with a
prior radiograph (see Fig. 2-17). Some patients with aortic dissec-
tion will have one or more of these radiographic findings, while in
other cases of dissection the chest radiograph may be entirely
unremarkable. It must therefore be understood that a normal
chest radiograph cannot serve to rule out aortic dissection (see Fig.
2-15). (Adapted from Hagan et al. [2].)
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FIGURE 2-15. A dissecting hematoma may variably affect aortic
size and contour on a chest radiograph or aortogram. A, The prox-
imal and distal false lumina have expanded outward, producing
an enlarged aortic silhouette with an abnormal bulging contour,
while the diameter of the true lumen is narrowed minimally.

B, The false lumen has expanded inward, causing marked
narrowing of the true lumen, but this results in little or no change
in the silhouette of the ascending or descending aorta. An unre-
markable chest radiograph might be seen in this case. (Adapted
from O’Gara and DeSanctis [6].)

FIGURE 2-16. Chest radiograph suggestive of aortic dissection. This
radiograph in a patient with a proximal aortic dissection shows
marked widening of the mediastinum and an abnormal aortic
contour. This patient was found to have a type A aortic dissection
with an ascending aortic aneurysm measuring 12 cm in diameter.

FIGURE 2-17. Chest radiographs
showing a change from a patient’s
baseline study. While the chest radi-
ograph of a patient presenting with
suspected aortic dissection may at first
appear unremarkable, a comparison
with a previous examination from the
same patient often reveals an interval
change in the appearance of the aorta
or mediastinum, which may suggest
the presence of an aortic dissection.

A, This patient’s normal baseline chest
radiograph 3 years prior to presenta-
tion. B, The same patient’s chest radi-
ograph at the time of presentation,
which is remarkable for the interval
enlargement of the aortic knob (arrow).
The patient was found to have a type
A aortic dissection.
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DIAGNOSTIC TECHNIQUES

FIGURE 2-18. Diagnostic modalities available for evaluating
patients with suspected aortic dissection. Each of these modalities
has particular advantages and disadvantages with respect to diag-
nostic accuracy, convenience, and risk, and no one imaging tech-
nique is appropriate for all patients in all situations. The physician
caring for a patient with suspected aortic dissection must there-
fore be familiar with both the strengths and weaknesses of each
imaging modality in order to select the most suitable diagnostic
study for a given patient situation. Additional considerations,
such as local availability or operator and/or reader expertise, may
also factor significantly in the selection of an imaging technique.

DO 3 o T i U 8 s - AL B ] (VR sk ) el A s

AGNOSTIC MODALITIES FOR EVALUATING PATIENTS |
WITH SUSPECTED AORTIC DISSECTION

DI

Aortography
Contrast-enhanced computed tomography
Magnetic resonance imaging

Transesophageal echocardiography

R R : a2 FIGURE 2-19. Diagnostic information sought in patients with
i ~ suspected aortic dissection. While ideally one would prefer to
| DIAGNOSTIC INFORMATION SOUGHT IN PATIENTS define all of the above anatomic characteristics in each case of
' WITH SUSPECTED AORTIC DISECTION | aortic dissection, no single diagnostic study can provide all of this

information. Instead, on a case-by-case basis, one’s clinical suspi-
cion, together with consideration of available treatment options,
) should determine which diagnostic information is necessary for
Involvement of the ascending aorta patient management. In fact, in some situations more than one
Extent of dissection diagnostic study may be required to define the salient features of
an aortic dissection adequately. (Adapted from Cigarroa et al. [7].)

Presence or absence of aortic dissection

Sites of entry and re-entry

Thrombus in the false lumen

Branch vessel involvement by dissection
Aortic insufficiency

Pericardial effusion

Coronary artery involvement by intimal flap
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AORTOGRAPHY

FIGURE 2-20. Anteroposterior aortograms demonstrating the pres-
ence of a type A aortic dissection. A, The well-opacified true
lumen (T) and the poorly opacified false lumen (F) are separated
by an intimal flap, which is visible on the ascending aorta as a thin
radiolucent line within the aorta (arrows). Additionally, the prox-

imal portions of both coronary arteries are well visualized. B, In a
subsequent aortographic exposure, the false lumen has filled in
late and the intimal flap is now clearly visible (arrow) as it courses
distally down the descending aorta. (Panel A from Cigarroa et al.
[7]; with permission.)

FIGURE 2-21. Left anterior oblique
aortograms demonstrating a type A
aortic dissection and its associated
cardiovascular complications. A, The
aortic root is dilated. The true lumen
(T) and false lumen (F) are separated
by a faintly visible radiolucent line
(following the contour of the pigtail
catheter), which is the intimal flap
(arrow). The abundance of contrast in
the left ventricle (LV) is indicative of
significant aortic insufficiency (see Fig.
2-13). B, The true lumen is better
opacified than the false lumen, and
two planes of the intimal flap can
now be distinguished (arrows).
Additionally, the branch vessels are
opacified and the marked narrowing
of the right carotid artery (arrowhead)
suggests that it is compromised by the
dissection (see Fig. 2-12). (Panel A from
Cigarroa et al. [7]; with permission.)
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ANGIOGRAPHIC FINDINGS IN 52 CASES
OF AORTIC DISSECTION

DIAGNOSTIC FINDING

Opacification of false lumen

PATIENTS, %
87
85
70
56

13

Deformity of true lumen
Visualization of intimal flap
Intimal tear defined

False lumen not opacified

FIGURE 2-22. Angiographic findings in 52 cases of aortic dissec-
tion. The various angiographic findings are used collectively by
the radiologist to diagnose the presence or absence of aortic

dissection. False lumen opacification is the most common finding.

The site of intimal tear is defined in just over half of the cases.
(Adapted from Earnest et al. [8].)

DIAGNOSTIC ACCURACY OF AORTOGRAPHY IN
126 CASES OF SUSPECTED AORTIC DISSECTION

88%
94%

Sensitivity
Specificity

FIGURE 2-23. Diagnostic accuracy of aortography in 126 cases of
suspected aortic dissection. Aortography was for many years
considered the gold standard for diagnosing aortic dissection.
However, with the more recent introduction of alternative
imaging techniques (including computed tomography, magnetic
resonance imaging, and transesophageal echocardiography) for
evaluating suspected aortic dissection, the limited sensitivity of
aortography (88%) has become apparent. Moreover, when the
definition of aortic dissection is broadened to include intramural
hematoma, the sensitivity of aortography is only 77% [9]. (Adapted
from Erbel et al. [10].)

FIGURE 2-24. Advantages and disadvan-

ADVANTAGES AND DISADVANTAGES OF AORTOGRAPHY IN THE
EVALUATION OF SUSPECTED AORTIC DISSECTION

tages of aortography in the evaluation of
suspected aortic dissection. Defining the
presence or absence of branch vessel

involvement remains one of the major

ADVANTAGES

| Shows presence of aortic insufficiency
S Shows extent of dissection
S Oiten shows site of intimal tear
| Reveals presence of branch vessel involvement
Often reveals patency of coronary arteries

DISADVANTAGES

Risk of invasive procedure

Risk of contrast

Time lag in obtaining study

Duration of the study

Unstable patients must travel to angiography suite

Well established—radiologists, cardiologists, and surgeons are comfortable with its use

strengths of aortography compared with
the other available imaging modalities.
The aortic arch and arch vessels are espe-
cially difficult to define adequately with
computed tomography or transesophageal
echocardiography, but are well delineated
by aortographic examination. Aortography
is also very effective in demonstrating the
full extent of the aorta involved by the
dissection, and is especially useful in cases
when the dissection extends from the
thoracic and into the abdominal aorta,
where assessment of the origin of the
branch vessels and the iliac arteries can be
readily accomplished.

ComPUTED TOMOGRAPHY

FIGURE 2-25. Computed tomography (CT)
for diagnosing aortic dissection. A, A
contrast-enhanced spiral CT scan of the
chest at the level of the pulmonary artery
showing an intimal flap (I) in the both the
ascending thoracic aorta (above) and
descending thoracic aorta (below) sepa-
rating the true (T) and false (F) lumina in a
type A aortic dissection. B, A contrast-
enhanced spiral CT scan of the chest at the
level of the pulmonary artery showing an
intimal flap (I) in the descending thoracic
aorta separating the two lumens in a type
B aortic dissection.
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FIGURE 2-26. Advanced computed tomography (CT) of aortic dissection. Newer tech-
niques in CT scanning can produce images that provide better anatomical resolution than
conventional axial CT imaging, and are particularly useful in diagnosing and defining
the extent of aortic dissection. Shown is a CT scan of the same patient shown in Figure 2-
25B. A 3-dimensional reconstruction technique produces a tomographic image of the
entire thoracic aorta in the left anterior oblique plane. The type B aortic dissection is
easily identified. The intimal flap (I) originates just distal to the left subclavian artery and
extends distally into the abdominal aorta. The intimal tear (X) is identified. The true
lumen (T) is smaller than the false lumen (F), as is often the case in aortic dissection.

FIGURE 2-27. Diagnostic accuracy of spiral contrast-enhanced

DIAGNOSTIC ACCURACY OF SPIRAL CONTRAST-
ENHANCED CT SCANNING IN 81 CASES OF
SUSPECTED AORTIC DISSECTION

Sensitivity 96%
Specificity 96%

ADVANTAGES AND DISADVANTAGES OF CONTRAST-ENHANCED CT
IN THE EVALUATION OF SUSPECTED AORTIC DISSECTION

ADVANTAGES
Noninvasive
Quickly obtained

Identifies causes of aortic widening other than aortic dissection, eg, abnormal layers of fat
or periaortic hematoma

May distinguish intraluminal thrombus from blood
Identifies presence of pericardial effusion

DISADVANTAGES

Risk of intravenous contrast
Cannot reliably identify the presence of aortic insufficiency or involvement of the
coronary arteries

AORTIC DISSECTION
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computed tomography (CT) in 81 cases of suspected aortic dissec-
tion. In the past, conventional CT was used routinely, but its sensi-
tivity and specificity for aortic dissection were lower. The intro-
duction of spiral (helical) CT scanning has significantly improved
the accuracy of the technique and the anatomical resolution of its
images. (Adapted from Small et al. [11].)

FIGURE 2-28. Advantages and dis-
advantages of contrast-enhanced computed
tomography (CT) in the evaluation of
suspected aortic dissection. The fact that CT
scanners are present and quickly accessible
in most hospital emergency rooms makes
this technique attractive as a screening
study for aortic dissection. However, if the
presence of aortic dissection is confirmed,
the lack of diagnostic information
regarding the presence of aortic insuffi-
ciency may necessitate the performance of
additional diagnostic studies.



MAGNETIC RESONANCE IMAGING
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FIGURE 2-29. Magnetic resonance images using the black-blood technique in three
planes in a patient with a type B aortic dissection. A, This image in the transverse
plane through the upper thorax at the level of the pulmonary artery shows an intact
ascending aorta, but in the descending aorta it reveals an intimal flap separating the
true lumen and false lumen. Also seen are the pulmonary artery at its bifurcation
and the superior vena cava.

B, This image in the sagittal plane of the aorta shows the site of intimal tear together
with the intimal flap, which begins just distal to the take-off of the left subclavian
artery and spirals distally along the descending aorta. The true lumen and false lumen
are identified in both the descending thoracic aorta above as well as in the abdominal
aorta below. The aortic root and ascending aorta are uninvolved by the dissection.
Also seen here are the left atrium and the pulmonary artery at its bifurcation.

C, This image in the coronal plane posteriorly reveals the dissected descending
aorta with its true lumen and false lumen separated by the intimal flap. The
descending aorta is cut in the long axis above and then in the short axis below as its
turns anteriorly to enter the abdomen. Other landmarks include the liver and
spleen. Note in all three views of this patient’s aorta that the false lumen originates
posteriorly and is wider than the true lumen. This pattern is quite typical in type
B aortic dissections.
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ACCURACY OF MRI IN 105 PATIENTS
WITH SUSPECTED AORTIC DISSECTION

DIAGNOSTIC
FINDING SENSITIVITY, % SPECIFICITY, %

Aortic dissection 98 98

Site of entry 88 100
Thrombus 99
Pericardial effusion 100

ADVANTAGES

Noninvasive

No intravenous contrast

No ionizing radiation

High-quality detailed images in multiple planes—transverse, sagittal, coronal, oblique
Useful in patients with pre-existing complicated aortic disease

DISADVANTAGES

May not be readily available

May not be suitable for unstable patients

Lengthy study (30-60 min)

Contraindicated in patients with pacemakers or implantable defibrillators

Contraindicated in patients with certain metallic prosthetic valves* or certain vascular clips

Limits presence of many monitoring and support devices in the imaging suite, and limits
patient accessibility during scanning

Provides limited information about arch vessel and coronary artery involvement

May not always identify presence of aortic insufficiency

*While some of the older model prosthetic heart valves are considered a contraindication
to MR imaging, patients with most current model prostheses can be scanned safely.

TRANSTHORACIC ECHOCARDIOGRAPHY

FIGURE 2-30. Accuracy of magnetic
resonance imaging (MRI) in 105 patients
with suspected aortic dissection. In addi-
tion to its remarkably high sensitivity and
specificity for diagnosing the presence or
absence of aortic dissection, MRI is also
extremely accurate in defining many of the
associated pathologic findings, such as site
of intimal tear and the presence of
thrombus in the false lumen. (Adapted from
Nienaber et al. [12].)

FIGURE 2-31. Advantages and disadvan-
tages of magnetic resonance imaging
(MRI) in the evaluation of suspected aortic
dissection. MRI provides images in
multiple planes through the body and
thereby facilitates a 3-dimensional appreci-
ation of the aorta and its intimal flap. It is
particularly helpful in evaluating patients
with pre-existing aortic disease. This
modality has the additional appeal of
being noninvasive and requiring no radia-
tion or contrast exposure. Still, an impor-
tant limitation is that magnetic resonance
scanners are not present or readily avail-
able in many hospitals and, when avail-
able, may not allow for adequate moni-
toring and management of unstable
patients during the lengthy procedure.

& DIAGNOSTIC ACCURACY OF TTE

DIAGNOSTIC FINDING ENSITIVITY, % SPECIFICITY, %
Presence of aortic dissection 59-85 63-96
Identifying involvement of the

Ascending aorta 78-100
Descending aorta 10-55

AORTIC DISSECTION
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FIGURE 2-32. Diagnostic accuracy of
transthoracic echocardiography (TTE).
In comparison with the other available
imaging modalities discussed here,

TTE is of limited utility in the evaluation
of suspected aortic dissection. On trans-
thoracic imaging the ascending aorta is
usually more clearly and more exten-
sively visualized than is the descending
aorta, accounting for the greater sensi-
tivity in detecting dissections involving
the ascending aorta. Still, even when
considering proximal dissections alone,
both the sensitivity and specificity of TTE
remain relatively low. (Adapted from
Cigarroa et al. [7].)



TRANSESOPHAGEAL ECHOCARDIOGRAPHY

FIGURE 2-33. Transesophageal echocardiogram in the transverse
plane through the descending aorta in a patient with a type A
aortic dissection. Easily identified is an intimal flap (arrow) sepa-
rating the true (T) and false (F) lumina. Note that the intimal flap
appears to have peeled away from the aortic wall in the false
lumen but still lines the wall of the true lumen.

|~ Intimal flap

_— True lumen

Left main
coronary artery

False lumen

FIGURE 2-34. Transesophageal echocardiogram in the transverse plane
through the aortic root in a patient with a type A aortic dissection. The
imaging plane is just above (distal to) the level of the aortic valve,
allowing visualization of the left main coronary artery. A, An intimal
flap separates the true and the false lumina. The proximal segment of
the left main coronary artery is visualized well in this view. B, The

addition of color flow Doppler demonstrates that there is significant
blood flow in the true lumen (T) with minimal flow in the false lumen
(F), thereby confirming the presence of two lumina and the diagnosis
of aortic dissection. C, Blood flow is also seen in the left main coronary
artery (black arrow), confirming that it originates from the true lumen
(white arrow) and that it appears uninvolved by the dissection.
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FIGURE 2-35. Diagnostic accuracy of transesophageal echocardiog-

DIAGNOSTIC ACCURACY OF TEE
IN THE EVALUATION OF SUSPECTED
AORTIC DISSECTION

Sensitivity
Specificity

ADVANTAGES AND DISADVANTAGES OF TEE IN THE EVALUATION
OF SUSPECTED AORTIC DISSECTION

ADVANTAGES

Readily available

Quickly completed (5-15 min)

Performed at the bedside

Relatively noninvasive

No intravenous contrast

No ionizing radiation

Detects the presence of aortic insufficiency

Allows assessment of left ventricular wall motion abnormalities
May detect coronary artery involvement by the intimal flap

DISADVANTAGES

Contraindicated in some patients (eg, those with known esophageal disease: varices,
strictures, tumors, etc.)

Rare complications, occurring in less than 1% (eg, bradycardia, atrioventricular
block, hypertension, bronchospasm, esophageal perforation)
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raphy (TEE) in the evaluation of suspected aortic dissection. In
addition to its excellent sensitivity for the detection of aortic dissec-
tion, TEE can locate the site of intimal tear in 75% of cases, and
detect all cases of aortic insufficiency (which is essential data for a
surgeon planning a repair). (Adapted from Isselbacher [5].)

FIGURE 2-36. Advantages and disadvan-
tages of transesophageal echocardiography
(TEE) in the evaluation of suspected aortic
dissection. In addition to its high sensitivity
for detecting aortic dissections, TEE has the
distinct advantages that it is readily acces-
sible, can be completed quickly, and can be
performed at bedside for unstable patients.
TEE also provides a host of other informa-
tion about aortic anatomy and cardiac
function. In the case that a suspected aortic
dissection is excluded, TEE can identify
unsuspected cardiac pathology, which may
facilitate a diagnosis or alter further
management [13].



SELECTING AN IMAGING MODALITY

DIAGNOSTIC PERFORMANCE OF IMAGING MODALITIES IN THE
EVALUATION OF SUSPECTED AORTIC DISSECTION
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DIAGNOSTIC PERFORMANCE ANGIOGRAPHY cr MRI
Sensitivity s o
Specificity e
Site of intimal tear s

Presence of aortic insufficiency +

Pericardial effusion ++
Branch vessel involvement ++
Coronary artery involvement

+++— Excellent; ++ — good; + — fair; - — not detected.

FIGURE 2-37. Summary of the diagnostic performance of the four ~ used for the evaluation of patients in the acute setting, whereas

imaging modalities in the evaluation of suspected aortic dissec- MRI is often reserved for patients with chronic aortic dissections.
tion. The sensitivities of computed tomography (CT), magnetic Given its lower sensitivity, aortography is now generally reserved
resonance imaging (MRI), and transesophageal echocardiography  for cases in which branch vessel involvement is suspected and
(TEE) are all equally high, so no one technique is considered the definition is required (ie, in the arch or abdominal aorta). (Adapted

preferred modality. In most cases, CT and TEE are the modalities  from Isselbacher [5].)

FIGURE 2-38. Practical assessment of the
] four imaging modalities in the evaluation
PRACTICAL ASSESSMENT OF IMAGING MODALITIES IN of suspected aortic dissection. While the
THE EVALUATION OF SUSPECTED AORTIC DISSECTION - accuracy of each diagnostic modality

T e e Temains extremely important, when evalu-

_ ating an acute (and possibly unstable)
ADVANTAGES ANGIOGRAPHY . TEE | patient with aortic dissection several prac-
Readily obtained . ' tical issues must be considered as well,
(JLI‘IC;(I\;’ ]')(__\rf()rnj{gd T lnCluding the emergency availability of the

procedure, how speedily it can be
performed, and any risks involved. In this
regard, computed tomography (CT) and

) transesophageal echocardiography (TEE)
Cost - = are favored overall. Computed tomo-
graphy typically is the most readily avail-
able modality in the emergency depart-
ment, and TEE is the preferred modality
for evaluating unstable patients presenting
with suspected aortic dissection. MRI—
magnetic resonance imaging. (Adapted from
Isselbacher [5].)

Performed at bedside
Noninvasive
No intravenous contrast

+++ — Very favorable; ++ — favorable; + — fair; — unfavorable.
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EARLY MEDICAL AND OPERATIVE THERAPY

STEPS IN THE EARLY MEDICAL MANAGEMENT OF A PATIENT PRESENTING WITH
SUSPECTED ACUTE AORTIC DISSECTION

. Immediate monitoring and stabilization of vital signs

. Quick assessment: directed history, physical examination, chest radiograph, ECG, labwork
3. Reduce dP/dT with intravenous B-blockers: propranolol, labetalol, metoprolol, or esmolol

. Treat hypertension to reduce dP/dT: intravenous nitroprusside (use in the presence of a B-blocker since alone it may increase dP/dT); goal is
to reduce systolic blood pressure to 100-120 mm Hg or the lowest level possible while still maintaining cerebral and vital organ perfusion

5. If B-blockers are absolutely contraindicated, consider using intravenous calcium channel blockers or enalaprilat

. Pain control with morphine as needed
. Select and proceed promptly to a diagnostic study

8. Decide on medical vs surgical therapy (and determine surgical candidacy as well)

FIGURE 2-39. Steps in the early medical management of a patient
presenting with suspected acute aortic dissection. The risk of
complications from aortic dissection is highest within the first hours
after onset, with a mortality rate for those untreated as high as 1%
per hour. It is therefore essential to institute appropriate therapy as
soon as the diagnosis of dissection is reasonably suspected, rather
than waiting for the diagnosis to be confirmed. Specific manage-
ment goals include: 1) comprehensively examining the patient for

evidence of aortic dissection and the associated complications; 2)
stabilizing the patient as necessary, and treating the patient pharma-
cologically to minimize the risk of progression or rupture of the
dissection by reducing the slope of increasing pressure (dP/dT); and
3) selecting and obtaining a diagnostic imaging study as promptly
as possible, and deciding between medical and surgical therapy if
the diagnosis of dissection is confirmed. ECG—electrocardiogram.

FIGURE 2-40. Indications for definitive

INDICATIONS FOR DEFINITIVE SURGERY IN AORTIC DISSECTION

Treatment of choice for acute type A aortic dissection

Treatment of choice for chronic type A aortic dissection complicated by

Significant aortic regurgitation
Development of a large thoracic aortic aneurysm

Treatment of choice for acute or chronic type B aortic dissection complicated by

Compromise of blood flow to vital organs or extremities

Development of a large thoracic or abdominal aortic aneurysm
Leaking or rupture of the aorta
Retrograde extension into the ascending aorta

surgery in aortic dissection. As a general
rule, aortic repair is indicated for the
management of acute type A aortic dissec-
tion, since survival in this group is
improved when compared with medical
management [14,15]. For acute and
uncomplicated type B aortic dissection,
however, aortic repair does not provide a
survival advantage over medical therapy
[16], so in such cases medical therapy is
preferred. Nevertheless, if an acute distal
dissection leads to complications, surgery
may well be indicated. In the setting of
chronic aortic dissection, surgery is indi-
cated when there is evidence of significant
aortic aneurysm formation. (Adapted from
Isselbacher [5].)
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FIGURE 2-41. Repair of a proximal aortic dissection with a
composite graft and reimplantation of the coronary arteries. A, A
large dissecting ascending aortic aneurysm that involves the
sinuses of Valsalva and has produced aortic insufficiency. B, After
the patient is placed on full cardiopulmonary bypass, the aortic
aneurysm is resected with the native aortic valve (1), and the coro-
nary ostia are mobilized by excising them with a small button of

the native aortic wall (2). A composite woven Dacron (C. D. Bard,
Billerica, MA) graft, which includes a prosthetic aortic valve previ-
ously attached to one end, is sewn into place and Teflon (DuPont,
Wilmington, DE) felt strips are used to reinforce the suture lines
along the friable aorta (3). The ostia of the coronary arteries are
then reimplanted into the composite graft. (Adapted from Eagle and
DeSanctis [17].)

=)) Aneurysm isolated

Cut ends oversewn
with Teflon felt backing

FIGURE 2-42. Repair of a type B aortic
dissection. A, The involved segment of the
descending aorta is cross-clamped and
isolated and a shunt is placed from the
apex of the left ventricle to the femoral
artery to bypass the isolated portion of the
aorta and maintain distal circulation
during the surgical repair. The diseased
segment of the aorta is then resected. B,
The severed ends of the remaining aorta
are oversewn with Teflon (DuPont,
Wilmington, DE) felt strips to strengthen
any friable aortic tissue. C, A woven
Dacron (C.D. Bard, Billerica, MA) graft is
then interposed to complete the repair of
the descending aorta. (Adapted from Eagle
etal. [3].)

Graft sutured
in place

C
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FIGURE 2-43. Endovascular aortic stent-grafts for nonsurgical
management of type B dissection. Stent-grafts can be placed
percutaneously via the transfemoral catheter technique. The
purpose of the stent-graft is to close of the site of entry into the
false lumen (ie, the intimal tear), thus decompressing the
distended false lumen and promoting its thrombosis. For those
with acute vascular complications, this should in turn relieve any
obstruction of branch arteries. Such stent-grafts can only be placed
in the descending aorta (ie, to treat distal dissections) since they
cannot be passed through the aortic arch to reach the ascending
aorta. In a study of 19 patients with acute dissection and a patent
false lumen by Dake et al. [18], this technique produced complete
thrombosis of false lumen in 79%, partial thrombosis in 21%, and

INDICATIONS FOR MEDICAL THERAPY
u IN AORTIC DISSECTION

. Treatment of uncomplicated acute proximal aortic dissection if
there is a specific contraindication to surgery (eg, stroke, severe
debility, severe renal failure)

. Treatment of chronic proximal aortic dissection, which is uncom-
plicated and without any other independent indication for
surgery (eg, severe aortic insufficiency, localized aortic aneurysm)

. Treatment of uncomplicated acute or chronic distal aortic dissec-
tion and without any other independent indication for surgery

s

restoration of flow to ischemic arteries with relief of correspon-
ding symptoms in 76%. Larger studies with more patients and
longer follow-up will be needed, however, before stent-graft
therapy becomes a standard therapy for distal aortic dissection.
A, A contrast-enhanced computed tomographic (CT) scan of the
chest demonstrating a stent-graft in the descending aorta of a
patient who presented with a type B aortic dissection. Note that
there is flow in the true lumen (within the stent) but the false
lumen (outside the stent) has thrombosed. B, A 3-dimensional
reconstruction in the left anterior oblique view of the contrast-
enhanced CT scan of the same patient demonstrating the position
of the stent-graft within the descending thoracic aorta.

FIGURE 2-44. Indications for medical therapy in aortic dissection.
As discussed in Fig. 2-40, medical therapy is the treatment of
choice in uncomplicated acute type B dissections and most
uncomplicated chronic dissections. Long-term medical therapy
involves both treating hypertension and reducing the slope of
increasing pressure (dP/dT) in an effort to limit progression of the
dissection. B-blockers are the mainstay of medical therapy and
should be instituted in all cases unless specific contraindications
exist [19]. Angiotensin-coverting enzyme inhibitors, added to the
B-blocker therapy, have been used with increasing frequency to
manage hypertension. (Adapted from Isselbacher [5].)
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OTHER ACUTE AORTIC SYNDROMES

ACUTE AORTIC SYNDROMES

Aortic dissection
Intramural hematoma

Penetrating artherosclerotic ulcer

Focal aortic tear/contained rupture

Rapidly expanding thoracic aortic
aneurysm

Traumatic aortic transection

FIGURE 2-46. Intramural hematoma of the aorta. Unlike classic
aortic dissection, intramural hematoma is not caused by a tear in
the intima but by the rupture of the vasa vasorum within the
aortic media, producing a hematoma within the wall (see Fig. 2-1).
Since there is no intimal tear, there is no communication with the
aortic lumen and thus no flow within the aortic wall hematoma.
Consequently, intramural hematoma has a distinctly different—
and less obvious—appearance on aortic imaging studies.
Intramural hematoma is identified most readily on contrast-
enhanced computed tomography (CT). The natural history of
intramural hematoma is similar to that of classic aortic dissection,
so its classification and its management strategies are essentially
the same as for aortic dissection. Shown is a contrast-enhanced CT
scan of the chest at the level of the pulmonary artery showing an
intramural hematoma of the descending aorta. The hematoma (H)
appears as a crescentic thickening of the aortic wall. Unlike what
is seen on CT in a classic aortic dissection, with intramural
hematoma there is no false lumen since there is no flow within the
hematoma, there is no intimal flap, and the true lumen (L) main-
tains its normal shape and caliber.

FIGURE 2-45. Acute aortic syndromes that may present with symptoms and/or physical
findings suggestive of acute aortic dissection. Intramural hematoma (see Fig. 2-46) is
considered a variant of classic aortic dissection and occurs in a population with similar
risk factors. A penetrating atherosclerotic ulcer (see Fig. 2-47) is typically a more localized
process than aortic dissection and tends to occur in an older population with severe aortic
atherosclerosis. A focal aortic tear or contained rupture may produce the same chest
symptoms as aortic dissection, but its focal nature and lack of an intimal flap can make
detecting it on computed tomography, magnetic resonance imaging, and transesophageal
echocardiogram challenging. A rapidly expanding thoracic aortic aneurysm, typically one
that involves the descending aorta, may produce significant pain, but its gradual onset
and lesser severity usually distinguish it from aortic dissection. Deceleration injuries and
blunt trauma to the aorta are more likely to cause aortic transsection rather than dissec-
tion; transsection is a full thickness tear through the aortic wall which, if not fatal, results
in a pseudoaneurysm at the site of tear.

FIGURE 2-47. Contrast-enhanced computed tomographic scan of a
penetrating atherosclerotic ulcer of the descending thoracic aorta.
The penetrating atherosclerotic ulcer appears as a contrast-filled
outpouching (U) of the aorta (in the absence of an intimal flap or
false lumen) with thickening of the aortic wall (H) similar to an
intramural hematoma. A penetrating atherosclerotic ulcer begins as
an ulceration of an atherosclerotic lesion of the aorta that penetrates
into the media of the aorta, and then often produces a hematoma
within the aortic wall that is either localized or extends several
centimeters in length. On occasion, it can progress to classic aortic
dissection. Penetrating atherosclerotic ulcerations occur almost
exclusively in the descending thoracic aorta. Patients tend to be
elderly with hypertension and evidence of atherosclerotic disease
elsewhere. Presenting symptoms include chest and back pain
similar to that of aortic dissection. The natural history of pene-
trating atherosclerotic ulcer is unclear, but at present management
strategies are essentially the same as for classic aortic dissection.
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SURVIVAL AND LATE FOLLOW-UP

LATE COMPLICATIONS OF AORTIC DISSECTION AND

FOLLOW-UP EVALUATION

‘] Late complications
1 Recurrent dissection or progression of dissection

|  Progressive aortic insufl‘ic]encr requiring aortic valve replacement (in patients not initially
having undergone aortic valve replacement)

Aneurysm formation—may lead to aortic rupture
Patients at particularly high risk

Those with Marfan syndrome—uvery high risk of recurrent dissection or of aneurysm
formation with rupture

Those with a patent false lumen—increased incidence of late complications and death
Imaging modalities frequently used to follow patients long-term

Chest radiography

Computed tomography

Magnetic resonance imaging

Transesophageal echocardiography

< 50
B 0 Tt
40 H
30
General population
A01— I & All patients (n=156)
————— Discharged patients (n=105)
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FIGURE 2-48. Late complications of aortic
dissection and follow-up evaluation. While
mortality is greatest following the acute
phase of aortic dissection, even if the
patient survives hospitalization, long-term
morbidity and mortality may still result
from late complications [20]. Close patient
surveillance by the physician, thorough
physical examinations, and follow-up
imaging studies [21] performed at regular
intervals (ie, annually) are essential to
detect evidence of progression of a chronic
dissection. All patients, whether treated
initially with medical or surgical therapy,
merit such careful follow-up.

FIGURE 2-49. Ten-year actuarial survival in 156 patients with
aortic dissection who received in-hospital treatment, either
medical or surgical as indicated clinically. Depicted are actuarial
survival curves for all 156 patients with aortic dissection, those
105 patients who were discharged from the hospital, and the
general population matched for age and sex. The asterisk indicates
a statistically significant difference in survival between the
general population and the two aortic dissection groups.

(Adapted from Doroghazi et al. [22].)
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ARTERIAL OCCLUSIVE
DISEASES OF THE
caprer EXTREMITIES

Alan T. Hirsch

The arterial occlusive diseases of the lower extremities represent a spectrum of disorders
encompassing myriad etiologies. The normal “end-organ” functions of the lower and upper
extremities are (1) to permit independent ambulation, and (2) to manipulate objects; thus,
diseases that alter normal limb function may potentially elicit major disabilities. Although the
most common cause of lower extremity arterial occlusive disease in Western societies remains
atherosclerosis, other disorders may perturb normal limb perfusion. The extremity arteries
are susceptible to congenital, inflammatory, and degenerative diseases, including fibro-
muscular dysplasia, thromboangiitis obliterans (Buerger’s disease), vascular entrapment
syndromes, and both arterial thromboembolism and atheroembolism. The consideration
of a broad differential diagnosis is essential for establishing an effective diagnostic and
individualized treatment plan.

Atherosclerosis remains the most prevalent disorder affecting the arterial circulation in
the lower extremity. Focal atherosclerotic stenoses develop with a predilection for anatomic
sites in the distal abdominal aorta, and iliac, femoral, and infrapopliteal arteries. The risk of
progressive atherosclerotic arterial disease of the legs correlates with the presence of the
classic risk factors for progressive atherosclerosis in the coronary arteries. The clinical pres-
entation of the patient with atherosclerotic peripheral arterial disease (PAD) depends on the
rate of disease progression, the severity of the decrease in limb blood flow, the propensity
for development of collateral blood flow, and the potential sudden occurrence of focal
thrombosis. Thus, patients with anatomically comparable degrees of arterial occlusive
disease may be asymptomatic or may present with symptoms that range from mild claudi-
cation to rest pain to frank gangrene.

The natural history of lower extremity arterial occlusive disease has been examined
carefully. The progression of PAD may be slow, and over 75% to 85% of patients with intermit-
tent claudication will manifest stable symptoms over a 5-year period. However, eventual symp-
tomatic worsening develops in about 15% to 20% of these individuals, ischemic tissue necrosis
and/or progression to rest pain (usually requiring percutaneous or surgical revascularization)
may occur in an additional 3% to 5% of claudicating limbs annually, and amputation ultimately
may be required in 1% of patients per year. Whereas the amputation rate may appear small,
when these events are summed over 5 to 10 years of follow-up, a 5% to 10% amputation rate for
this prevalent disease is notable.




The noninvasive vascular laboratory provides tools to
establish the anatomic localization and quantification of the
physiologic consequences of specific arterial stenoses; these
techniques can be performed at a modest cost with minimal
risk to the patient. Although angiographic procedures also
provide important diagnostic data, these invasive proce-
dures are performed primarily to define the anatomic
details necessary to guide subsequent percutaneous or
surgical revascularization procedures.

Ideal vascular therapeutic efforts are usually fostered
through the clinical collaboration of specialists in vascular
medicine, cardiology, interventional radiology, and

vascular surgery. Effective medical therapies (risk factor
normalization and use of antiplatelet therapy) should
be prescribed to improve the natural history of PAD, to
forestall the onset of limb-threatening events, and to
increase the long-term success of surgical or percutaneous
interventional therapies. Both exercise rehabilitation
and pharmacotherapies should be applied to diminish
the morbidity of these disorders. There is compelling
evidence to support use of aggressive atherosclerotic risk
factor modification strategies and antiplatelet therapies to
improve long-term patient survival by decreasing the risk
of coronary and cerebrovascular ischemic events.

EPIDEMIOLOGY OF PERIPHERAL ARTERIAL [DISEASE
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FIGURE 3-1. Age-dependent prevalence of peripheral arterial
disease (PAD). The prevalence of PAD, as defined by an abnormal
ankle-brachial index, increases with age, especially for individuals
over 60 years of age. At 60 years of age, the prevalence of this
atherosclerotic syndrome is approximately 2% to 3%, and
increases to 20% to 25% of the population over 70 years of age.
Although PAD is less common in younger individuals, it is
known to be prevalent in those over 50 years of age who have
common atherosclerotic risk factors (eg, smoking, diabetes).

The prevalence of PAD rises in both men and women as

they age, but it is more common in women after menopause.
(Adapted from Criqui et al. [1].)

reproducibly with exercise and resolves

Incidence of claudication,
1000 patients/y
4
|

promptly with rest. Claudication can be
differentiated from pain due to other
causes by the reproducible stop-start
nature of the symptoms in relation to
exercise. Individuals with claudication
usually experience the onset of symptoms
at approximately the same distance,
termed the initial claudication distance.
Inasmuch as claudication represents the
symptom induced by the mismatch of
muscle blood flow supply and demand
with exercise, claudication is experienced
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tion symptoms may not be easily
recognized due to the presence of

[ |
65-69 70-74

FIGURE 3-2. Claudication. Claudication, the subjective manifestation of symptomatic
peripheral arterial disease (PAD), increases in incidence with advancing age. The
incidence of claudication rises from 2% to 7% of adults between the third and seventh
decades of life. Classic symptoms of claudication include a feeling of fatigue, aching,

other concomitant exercise limitations.
Sedentary individuals with moderate
to severe PAD may not experience
claudication. (Adapted from [2].)

heaviness, or frank pain in the muscles of the calves, thighs, and buttocks that occurs
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FIGURE 3-3. Risk factors for peripheral arterial disease (PAD). Risk factors for athero-
sclerosis (tobacco use [6.25], diabetes [3.5], age [2.2], hypertension [2.0], hyper-
cholesterolemia [1.1], gender [1.0], and hyperhomocystinemia [2.2]) confer an increased
Hypertension relative risk for development of PAD, analogous to the associated risk for development
of coronary artery disease (CAD). The numbers represent the relative risk of developing
PAD conferred by each risk factor. Although risk factors for PAD and CAD are similar,
the exact relative risk of each factor is not identical for PAD as compared to CAD.

Use of any tobacco product is the most powerful predictor of PAD risk. Data from the
Cardiovascular Health Study [3] demonstrate a greater than sixfold increase in PAD
incidence in individuals who smoke. Diabetes is also a powerful contributor to the
incidence of PAD (three- to fourfold increased risk). Elevated blood cholesterol also
confers increased risk, albeit with less power than for CAD. Every 10% rise in total
cholesterol confers a 10% increased risk of PAD. (Adapted from Newman et al. [3].)

Cholesterol
Gender
Homocysteine

Tobacco

Diabetes

FIGURE 3-4. Annual incidence of claudication according to

| ; cigarette consumption. Tobacco use is a particularly powerful
ANNUAL INCIDENCE OF CEAUDICATION ~ predictor of increased rates of claudication, conferring a two- to

2 ACCORDING TO CIGARETTE CONSUMPTION fivefold increase in symptom incidence in the Framingham
EEE T A R ; : B study population [4]. The increased risk is present even when
INCIDENCE (RATE PER 10,000/v) individuals smoke less than one pack per day, and this risk
AGE.v  CIGARETTES/. n  MEN WOMEN rises steeply with both number of cigarettes smoked and
4554 o 10 T o2 the age of the individual.

<20 13 4
> 20 25 11

None 28 18
<20 44 22
> 20 33
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LOWER EXTREMITY ARTERIAL ANATOMY,

LIMB BLOOD FLOW, AND SYMPTOMS
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Common - [~ Common iliac
. —] sl
femoral i artery
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artery

Deep femoral —
artery

' Superficial femoral
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| deep femoral,
and popliteal

arteries
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Tibial and
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FIGURE 3-5. Normal lower extremity
arterial anatomy. Lower extremity athero-
sclerosis may cause focal or segmental
arterial narrowing in the distal aorta and
proximal iliofemoral arteries, the super-
ficial femoral, deep femoral, and popliteal
arteries, and the infrapopliteal tibial and
peroneal arteries. A pattern of more distal
disease is common in diabetic patients.
The site of arterial stenosis often correlates
with the site of clinical symptoms

(eg, muscles affected by claudication or
presence of rest pain or nonhealing
wounds). For example, distal aortic and
common iliac peripheral arterial disease
is associated with gluteal or thigh claudi-
cation. Peripheral arterial disease of the
superficial femoral artery, as it traverses
Hunter’s canal, may elicit calf claudication,
and multisegmental superficial femoral,
popliteal, and infrapopliteal stenoses
may be associated with severe or

critical limb ischemia.
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FIGURE 3-6. Limb blood flow at rest and during exercise.
Although lower extremity arterial stenoses may limit blood flow
at rest, nutritive blood flow may still be adequate to permit normal
muscle metabolism, preserve skin integrity, and elicit minimal
symptoms in patients in the nonstressed state. Exercise in normal
subjects is associated with a five- to tenfold increase in blood flow
to the exercising muscles. The ability of limb blood flow to
increase in response to the demands of exercise depends on the
anatomic site and number of stenoses that are present. In general,
more proximal (aortoiliac) and multilevel stenoses result in

the greatest blunting of blood flow changes with exercise [5].
(Adapted from Strandness and Zierler [5].)

NATURAL HISTORY AND PROGNOSIS

PAD and limb ischemia. Atherosclerosis
of lower extremity arterial segments is

Years

o 20 35 45

v

thought to progress slowly over the
lifetime of an individual from an early

0 fatty streak, to complex arterial plaque,
to high-grade stenosis, and this process
remains largely clinically “silent.”
Recognition of overt PAD therefore is
often delayed until moderate to severe

Stenosis, %

Normal
Fatty streak

100 . . . . cpe
claudication or manifestations of critical

limb ischemia (eg, rest pain, ischemic

e |-‘r0greg§}\.r@ atherosclerosis ==========ssrmecessen e > UIcerationl or gangrene) supervene late in

ASYMIBIOMIALE 25T Sl R s e SRS eSO 5

the natural history of this disease. Early

* Claudication ---->Citical limb PAD detection should permit the initiation

(mild to
moderate)

ischemia of risk factor reduction to decrease the rate
Rest prail of disease progression. The sudden onset
Ulceration --> of severe limb symptoms or conversion of
Gangrene stable claudication to rest pain suggests
superimposed thrombosis, which

invariably accompanies severe athero-

FIGURE 3-7. The natural history of peripheral arterial disease (PAD). Peripheral arterial sclerotic disease [6].
disease is usually considered an indolent, slowly progressive disease. Decreased exercise
capacity is often accepted as a consequence of aging and is not attributed to concomitant
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'L

FIGURE 3-8. Natural history of peripheral
arterial disease (PAD). For any population
of adults with PAD, the clinical presenta-

tion represents a spectrum that includes

s 37

RV

individuals who are asymptomatic, who

Intermittent claudication
40%

Asymptomatic
50%

Critical leg ischemia

have claudication, or who have critical

10% limb ischemia. Over the next 5 years

U

of observation, these patients all face a
high risk of fatal and nonfatal myocardial

Peripheral arterial (-y outcomes)

outcomes

Cardiovascular
morbidity/mortality

infarction (MI) and stroke, as well as
a range of limb outcomes. Long-term

clinical care should be guided by efforts

@ Ry : = @ ﬁ to intervene beneficially to both reduce
Stable Worsening Leg bypass Major Nonfatal CV Mortality the systemic rl?’k (heart attagk and
claudication | | claudication surgery amputation events 20%-30% s‘troke) and to Improve quality of
73% 16% 704 4% (MI/stroke) life (decrease claudication symptoms
20% and avoid amputation) [7,8].
CV—cardiovascular.
100
95 - B. THE ABI: MARKER OF MORTALITY IN
N PATIENTS WITH SYSTOLIC HYPERTENSION
= agh=
:
3 857 EVENTS ABI>09 ABI<09 ADJUSTED RR
E 80 Total deaths, n 1.7 6.9 3.8(2.1-6.9)
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FIGURE 3-9. Ankle-brachial index (ABI) and mortality. The high =
mortality of patients with claudication who present for surgical = B _
arterial revascularization procedures has long been appreciated. S
The relationship between the presence of peripheral arterial Z i .
disease and mortality in community-based (nonreferral) popula- i - ABI>0.85
. . . . . -~ ABI0.4-0.85
tions has been more obscure. Epidemiologic studies have e ABMenid
confirmed the inverse relationship between the ABI and subse- 20 _
quent patient survival [9-11]. A, Vogt et al. [9] have demonstrated ('] 5 Jt é é 110
the predictive relationship between a low ABI and 4-year
G Follow-up, y

mortality in white women over 65 years of age (n = 1492). It is
notable that the high mortality in the low ABI (ABI < 0.90) cohorts
occurred irrespective of the predominant asymptomatic character
of this population.

B, The ABI also predicted subsequent total and cardiovascular
mortality in the hypertensive elderly men and women (n = 1537)
followed in the Systolic Hypertension in the Elderly Program
(SHEP). In this study, an abnormal ABI was associated with a
three- to fourfold increased relative risk of death [10].

C, McKenna et al. [11] have documented 5-year mortality rates
of approximately 30% and 50% in patients with ABIs of 0.85 and
0.40, respectively. This prognostic information provides a

predictor of survival similar to that obtained via use of the
ejection fraction or left ventricular end-diastolic diameter for
patients with heart failure. Despite the increasing use of more
sophisticated vascular diagnostic tests (eg, arterial duplex), only
the ABI presently yields such vital predictive cardiac event rate
and survival data. CHD—coronary heart disease; RR—relative
risk. (Panel A adapted from Vogt et al. [9]; panel B adapted from
Newman et al. [10]; panel C adapted from McKenna et al. [11].)
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CLINICAL PRESENTATION

ENTATION OF CLAUDICATION

s e T e i R e e o T

R U s e T e R P T

Exertional pain, cramping, tightness, fatigue
Occurs in muscle groups, not joints

Reproducible from day to day (consistent level

of walking ability)
Resolves completely in 3—4 min
Occurs at same distance once activity resumes

FIGURE 3-10. Clinical presentation of claudication. The pain of
claudication is similar in character to that experienced at the limit
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CLINICAL EXAMINATION OF THE PATIENT WITH PAD

Measure blood pressure in both arms
Auscultate abdomen for presence of bruits
Palpate for presence of abdominal aortic aneurysm

Palpate and record pulses (femoral, popliteal,
posterior tibial, dorsalis pedis)

Evaluate for elevation pallor and dependent rubor

Inspect feet for ulcers, fissures, calluses, tinea, tendonous
xanthomas; evaluate overall skin care

Measure ankle-brachial index

FIGURE 3-12. Clinical examination of the patient with peripheral
arterial disease (PAD). A careful vascular physical examination is
of great value for patients with suspected or diagnosed PAD.

of normal exertion. Muscle fatigue and frank pain may occur in
the buttocks, thigh, calf, or foot, and the location of discomfort
often correlates with a more proximal flow-limiting stenosis.

In contrast to the leg discomfort caused by spinal stenosis
(“pseudoclaudication”), vascular claudication rarely occurs

with mere standing or bending, and is relieved reproducibly

by relatively brief periods of rest (< 10 minutes). Not all

patients with peripheral arterial disease should be expected

to describe classic descriptions of claudication, just as not all
patients with angina describe chest discomfort with a positive
Levine sign. The development of rest pain is an ominous sign
that basal limb blood flow is critically diminished. Leg perfusion
may be improved if the limb is maintained in the dependent
position; in contrast, leg elevation may provoke symptoms severe
enough to interfere with sleep.

FIGURE 3-11. Frequency of leg symptoms in the PARTNERS

(PAD [peripheral arterial disease] Awareness, Risk and Treatment:
New Resource for Survival) study. Traditionally, it has been
assumed that a high percentage of patients with PAD might be
identified by the presence of typical claudication symptoms. The
PARTNERS study recruited nearly 7000 patients from primary
care office practices and evaluated them for the presence of classic
claudication, atypical leg symptoms, or no symptoms as assessed
by the standardized San Diego Claudication Questionnaire.
Individuals were stratified post-hoc into those with no clinical
evidence of atherosclerosis (reference population), those with PAD
alone, those with other cardiovascular disease (CVD) alone, and
those with both PAD and CVD. In this elderly community-
derived population study, fewer than 10% of individuals with
PAD as their only manifestation of atherosclerosis suffered classic
claudication, while 53% had more atypical leg symptoms. These
data imply that individuals with PAD suffer a range of leg symp-
toms and that the ankle-brachial index or other objective testing
would be required to detect PAD in this high-risk population [12].

Blood pressure should be measured in both arms. An abdominal
examination should be performed in an attempt to palpate an
aortic aneurysm, and the abdomen and flank evaluated for bruits.
Femoral, popliteal, dorsalis pedis, and posterior tibial pulses
should be palpated and recorded. The feet should always be care-
fully inspected for skin integrity or wounds.

The leg examination in most patients with PAD will demon-
strate only decreased or absent lower extremity pulses. With more
advanced PAD, deconditioning may induce visible induced
muscle atrophy. With yet more severe PAD, there may be
dependent rubor and a loss of skin integrity, with ischemic ulcers
and/or frank gangrene. If supine leg perfusion pressure distal to
an arterial stenoses is quite low (< 50 mm Hg), leg elevation may
result in elevation pallor; resumption of the horizontal position
will elicit reactive hyperemia (dependent rubor). A complete
vascular physical examination should include (1) directed palpa-
tion for an abdominal aneurysm; (2) auscultation for bruits; (3) a
complete pulse examination; (4) an assessment of skin integrity;
and (5) an ankle-brachial index measurement.
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FIGURE 3-13. Ischemic toe (A) and
metatarsal (B) ulceration. Ischemic skin
ulceration is likeliest to occur on the heel,
the lateral malleoli, and at the base of

the toes since these sites are subjected to
repeated trauma during ambulation. The
propensity for development of ischemic
wounds may be decreased markedly by
the use of well-fitting, protective footwear
at all times, proper trimming of nails,
lubrication of dry skin, and avoidance

of accidental injury.

DIAGNOSTIC EVALUATION

NONINVASIVE VASCULAR TESTS

D e

NONINVASIVE VASCULAR TESTING FOR PAD | il

QUANTITATION OF
TEST DISEASE LOCALIZATION DISEASE SEVERITY RELATIVE COST

ABI = ++ it
Segmental pressure analysis e T ;

Pulse volume recordings + ¥ +
+ ¢ oot

++

Transcutaneous oximetry
Doppler waveform analysis
Arterial duplex

Exercise Doppler

FIGURE 3-14. Noninvasive testing. The noninvasive vascular laboratory provides powerful tools to assess objectively the location and
physiologic significance of lower extremity arterial disease, and thereby accelerate the delineation of a therapeutic plan. Compared

with angiographic methods, these studies are relatively inexpensive, can be performed with negligible risk, and provide prognostic
information. Noninvasive vascular examinations of the lower extremity arterial circulation are performed to achieve the following

goals: (1) to objectively establish the presence of arterial occlusive disease; (2) to assess quantitatively the severity of disease; (3) to localize
lesions to specific arterial segments of the limb; and (4) to determine the temporal progression of disease or its response to specific therapy.
ABI—ankle-brachial index; PAD—peripheral arterial disease.
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Brachial Brachial
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Popliteal Popliteal
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Doppler recordings Doppler recordings
(right leg) (left leg)

FIGURE 3-15. Doppler waveform analysis. Continuous-wave
Doppler waveform analysis can also provide important information
to assess arterial patency or to localize arterial occlusive lesions.

In many circumstances a change in peak blood velocity and/or
pulse waveform provides reasonably accurate information about the
location and extent of specific lower extremity lesions. The normal
Doppler profile demonstrates a brisk upstroke, triphasic waveform,
and moderate peak blood velocities. The blood flow profile will
demonstrate a characteristic increase in peak velocity within and
immediately distal to a significant stenosis; the Doppler profile
decreases in amplitude and the waveform becomes biphasic or
monophasic distal to the limiting lesion. Doppler waveform analyses
are reliable even in highly calcified vessels that are not amenable

to systolic pressure determinations. The continuous-wave Doppler
profiles displayed here demonstrate normal bilateral brachial blood
acceleration profiles. Doppler profiles are decreased in amplitude
and monophasic in both common femoral and more distal arteries,
suggesting aortic or bilateral arterial occlusive disease and possible
right superficial femoral or popliteal arterial disease.
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Pulse volume recordings

Right Left

Upper thigh

Lower thigh

Calf

VIS W

Ankle

SEGMENTAL PRESSURE MEASUREMENTS

2
ARM BLOOD RIGHT LEFT :
PRESSURE, mm Hg 155/86 154/85
CUFF POSITION DP PT pp PT
Upper thigh — 98 150 -
Lower thigh — 88 100 —
Upper calf — 83 95 .
Lower calf 70 80 65 50
ABI 0.45 0.52 0.42 0.32

FIGURE 3-16. Pulse volume recordings. Pulse volume recordings
provide a method to evaluate the arterial pressure waveform
profile qualitatively via the use of either a pneumoplethysmo-
graph or a mercury-in-Silastic (polymeric silicone) strain gauge.
Both of these devices can be applied in a segmental manner

from the thigh to the ankle to assess the change in limb volume
between diastole and systole. The subsequent recording of such
data and analysis of the pulse volume amplitude provide an index
of large vessel patency and correlate with blood flow. The pulse
volume recordings are normal in the right leg of this patient.
There are progressively abnormal pulse volume recordings at the
left thigh, calf and ankle of this patient with sequential lesions of
the left iliac and superficial femoral arteries.

FIGURE 3-17. Segmental pressure measurements. Arterial systolic
pressures can be measured noninvasively using sphygmomano-
metric cuffs placed sequentially along the limb at various levels (eg,
the upper thigh, the lower thigh, the upper calf, and the lower calf
above the ankle). In contrast to simple ankle-brachial index (ABI)
studies, the segmental pressure analysis often is able to determine
accurately the location of individual arterial stenoses. In most
laboratories, any gradient greater than 10 to 15 mm Hg between
adjacent sites may represent a physiologically important focal
stenosis. However, segmental pressure measurements may be
elevated artifactually or may be uninterpretable in patients with
calcified, noncompressible vessels, as is the case with simple ABI
determinations. In this example, segmental pressure measurements
demonstrate the following: a 57-mm Hg gradient between the
brachial systolic pressure and the right upper thigh, denoting right
iliofemoral arterial disease; a 50-mm Hg mid-left thigh gradient,
suggesting superficial femoral artery occlusive disease; and

a 30- to 45-mm Hg gradient between the left upper and lower calf,
suggesting infrapopliteal disease. DP—dorsalis pedis;
PT—posterior tibial.
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EXERCISE DOPPLER STUDY: AORTOILIAC DISEASE

ARM BLOOD RIGHT  LEFT RIGHT LEFT '
PROTOCOL TIME PRESSURE, mm Hg PL DpP ABI ABI
Rest 155/86 145 123 0.94 0.79
Immediately postexercise 195/90 40 70 0.21 0.36
I min postexercise 170/88 65 84 0.38 0.49
5 min postexercise 165/70 83 90 0.50 0.54
145/80 138 118 0.95 0.81

10 min postexercise

FIGURE 3-18. Exercise Doppler stress testing. It is commonly thought that patients with
peripheral arterial disease cannot be evaluated effectively by cardiovascular treadmill
testing. Standard exercise testing protocols may be inordinately arduous for many
patients with claudication, but less vigorous treadmill testing protocols may be extremely
useful in objectively documenting the magnitude of claudication symptoms in patients
with mild to moderate disease prior to initiating exercise, pharmacologic, or revascular-
ization procedures. These studies afford the opportunity to record the time of onset of
limiting leg symptoms, to note the total walking time, and to determine if associated coro-
nary ischemic symptoms or electrocardiographic abnormalities are provoked during
usual activities. The addition of a Doppler recording of the ankle systolic blood pressures

before and after exercise yields objective
data to grade the dynamic functional
significance of limb arterial stenoses.
Patients with true vasculogenic claudica-
tion are characterized by a reproducible fall
in the postexercise ankle-brachial index
(ABI) compared with its baseline value. In
contrast, the patient with pseudoclaudica-
tion due to spinal stenosis will demon-
strate a normal postexercise ABI, despite
limiting symptoms that would otherwise
suggest arterial insufficiency.

This figure illustrates the expected results
for a patient with aortoiliac disease and
buttock, thigh, and calf claudication whose
resting ABIs are near normal. Exercise repro-
duced typical symptoms with a marked fall
in the postexercise ABI and a delay in ABI
recovery time. The patient exercised for 10.4
minutes using a modified Bruce protocol.
He developed typical right > left thigh clau-
dication at 4 minutes and bilateral calf clau-
dication at 6 minutes. No angina or ischemic
electrocardiographic changes were noted.
DP—dorsalis pedis; PT—posterior tibial.

and perfusion. Duplex studies can assess plaque morphology and
surgical graft patency, and can establish the presence of arteriove-
nous fistulae. Although duplex scanning can provide diagnostic
information in a majority of patients, this technique requires a
technically proficient examiner, may require extensive time for a
complete examination, and is significantly more expensive than
most physiologic testing. Duplex testing should be reserved for
specific indications in which the precise anatomic information
obtained by this technique is likely to be useful (eg, the assess-
ment of proximal iliofemoral stenoses) and to evaluate the
patency of saphenous vein and prosthetic arterial grafts, angio-
plasty sites, and intravascular stents.

A, In this example, interrogation of the normal left common
femoral artery demonstrates the preserved triphasic Doppler
waveform, a sharply defined spectral envelope, and peak velocity
of 40 cm/s. B, In contrast, Doppler evaluation of the mid-left
superficial femoral artery at the site of a high-grade stenosis

shows a biphasic waveform, marked spectral broadening, and

FIGURE 3-19. Duplex ultrasound scanning. Duplex ultrasound
scanning uses dual imaging (left panels) and Doppler waveform
(right panels) analysis to assess lower extremity arterial anatomy

increased peak velocity of 300 cm/s. C, Examination below the
stenosis in the distal superficial femoral artery demonstrates a low
velocity (30 cm/s) and monophasic waveform.
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ARTERIOGRAPHY

FIGURE 3-20. Lower
extremity arterio-
graphy to define the
detailed extent of arte-
rial occlusive disease.
The lower extremity
arteries may be visual-
ized via a puncture of
either femoral artery
in order to complete
both pelvic angio-
graphic and lower
extremity “runoff”
images. Alternatively,
greater angiographic
detail may be obtained
via performance of the
balloon occlusion tech-
nique (shown here), in
which contrast media
are injected selectively
into a single leg distal
to a balloon inflated

in the common
femoral artery.
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FIGURE 3-21. Lower extremity
angiography in peripheral arterial
disease. Angiogram of the left lower
extremity was performed in a 62-year-
old man who presented with limiting
calf and foot claudication. Diffuse
atherosclerotic disease of the superfi-
cial femoral artery, profunda femoral
artery, and popliteal artery is evident.
The mid-superficial femoral artery is
occluded discretely in its midportion
and the origins of the anterior tibial
artery and posterior tibial-peroneal
trunk are also diseased.



ATHEROSCLEROTIC LOWER EXTREMITY

PERIPHERAL ARTERIAL DISEASE

MEDICAL THERAPY

MANAGEMENT OF PAD
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RISK FACTOR MODIFICATION

Smoking cessation

Goal: complete cessation
Lipid management

Goal: LDL < 100 mg/dL
Blood pressure control
Goal: < 130/85 mm Hg

ANTIPLATELET THERAPIES
Aspirin, clopidogrel
Goal: reduction in risk of MI, stroke

SYMPTOM-DIRECTED THERAPIES

Supervised exercise rehabilitation

Cilostazol, pentoxifylline
Selective use of revascularization (PTA, bypass)

Blood sugar control in patients with
diabetes

Goal: HbA, . < 7%

GENERAL SUPPORTIVE CARE

Foot care
Psychosocial support

FIGURE 3-22. Management of peripheral arterial disease (PAD). Optimal care for all
patients with PAD should be comprehensive. Risk factor modification should be
effective in blunting cardiovascular ischemic event rates, and perhaps the rate of pro-

SRR 3 S _-‘_, R A SR

gression of PAD. Long-term patency rates
of arterial revascularization procedures are
known to be improved by tobacco absti-
nence. Smoking cessation, effective lipid
management (low-density lipoprotein
[LDL] cholesterol < 100 mg/dL), normal-
ization of blood pressure (< 130/85 mm
Hg), and normalization of blood sugar
(HbA,. < 7.0%) should be achieved in all
patients with PAD. Antiplatelet medica-
tions (clopidogrel or aspirin) should be
prescribed uniformly unless otherwise
contraindicated. For patients with limb
symptoms, supervised exercise training
(rehabilitation), use of pharmacotherapies,
or selective use of revascularization may
improve symptoms. Attention to foot care
will diminish the incidence of ischemic
wounds and amputation. Peripheral
arterial disease may be debilitating,
disrupting employment and family
dynamics. Many patients may benefit
from professional psychosocial support.
MI—myocardial infarction; PTA—per-
cutaneous transluminal angioplasty.

e

RISK OF ISCHEMIC EVENTS IN ATHEROSCLEROTIC SYNDROMES*

INCREASE IN RISKVS GENERAL POPULATION

SITE OF INITIAL ISCHEMIC EVENT/CONDITION GREATER RISK OF Ml
Ml 5-7X (includes death)

Stroke 2-3X (includes angina, sudden death)

PAD 4X (includes only fatal Ml
and other CHD death)

*Epidemiologic data show that patients with atherosclerosis are at increased risk of both Ml and stroke [13-15].

FIGURE 3-23. Risk of ischemic events in atherosclerotic syndromes:
the rationale for aggressive secondary prevention. Secondary
prevention of cardiovascular events is recognized to be an essential
component of care for patients with established coronary heart

GREATER RISK OF STROKE
3-4X (includes TIA)
9x
2-3X (includes TIA)

Patients with PAD suffer increased risk of ischemic CHD events
and stroke, as is the case for patients with documented cerebro-
vascular disease or CHD itself. Thus, risk factor reduction inter-
ventions and use of antiplatelet medications should be initiated

disease (CHD). Patients with documented atherosclerotic peripheral  in any patient with PAD, whether the patient is asymptomatic

arterial disease (PAD) should also be aggressively treated to lower
their risk of subsequent myocardial infarction (MI) and stroke, and
thus to prolong event-free survival.

(ankle-brachial index < 0.90), suffers claudication, or has under-
gone previous arterial reconstructive procedures [13-16].
TIA—transient ischemic attack.
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FIGURE 3-24. Feasibility of regression of femoral atherosclerosis.
The Cholesterol Lowering Atherosclerosis Study (CLAS) of Barndt
et al. [17] assessed the rates of both coronary and femoral athero-
sclerotic disease progression in a cohort of 162 middle-aged,
nonsmoking men in a double-blind, placebo-controlled study of
dietary versus aggressive lipid-lowering drug treatment. Patients
were treated either by combined dietary modification and
colestipol and niacin therapy, or by dietary management alone
over a relatively brief 2-year study period. These data demon-
strated that the rate of femoral arterial atherosclerotic disease
progression, as assessed by paired quantitative angiography, was
blunted, and femoral arterial disease regression was greater in
those subjects who achieved optimal effective lipid lowering.
(Adapted from Barndt et al. [17].)
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SPECIFIC GOALS OF LIPID-LOWERING
THERAPY IN PATIENTS WITH ATHEROSCLEROTIC
VASCULAR DISEASE

LDL cholesterol < 100 mg/dL

Increase HDL cholesterol as much as possible by nonpharma-
cologic means, and consider benefits of HDL raising on

choices of drug therapies
Decrease tri;ilycoridcs to < 200 mg/dL, or perhaps to < 150
mg/dL for diabetic patients

LIPID-LOWERING THERAPY AND INTERMITTENT
CLAUDICATION: RESULTS OF THE POSCH STUDY

EVENT CONTROL  ILEALBYPASS ~PVALUE |
Mortality 62 49 0.164 f
CHD/MI 300 195 0.001
Claudication 71 52 0.038

CVA 15 14 0.69

FIGURE 3-25. Lipid-lowering therapy and intermittent claudication.
Data from POSCH (Program on the Surgical Control of the
Hyperlipidemias) show that lipid lowering has clinical benefits.
Most medical lipid-lowering clinical trials have been performed
with follow-up extended for less than 3 years, and claudication
symptom endpoints have not been assessed. The POSCH study
achieved optimal, long-term normalization of serum lipids by ileal
bypass surgery, and extended the benefits of treatment through 10
years of follow-up. Study subjects (n = 838) had one prior myo-
cardial infarction (MI), blood pressure less than 180/105 mm Hg,
and cholesterol levels of more than 220 mg/dL. As in the CLAS
(Cholesterol Lowering Atherosclerosis Study) trial, the rate of both
coronary and femoral arterial atherosclerosis disease progression
was diminished; more impressively, this intervention improved
coronary heart disease (CHD)/MI event rates and also reduced

the rate of development of symptomatic claudication by 27% [18].
CVA—cerebrovascular accident. (Adapted from Buchwald et al. [18].)

FIGURE 3-26. Effect of aggressive lipid normalization with
simvastatin on the development of claudication. Whereas

CLAS (Cholesterol Lowering Atherosclerosis Study) and other
studies have shown that aggressive low-density lipoprotein (LDL)
lowering is associated with both plaque stabilization (less pro-
gression) as well as frank regression of femoral atherosclerosis,
additional data suggest that the new or worsening claudication
symptoms can be diminished by lipid-lowering therapy.

In patients with coronary artery disease who were treated
aggressively to normalize LDL cholesterol, as was accomplished
in 45 (Scandinavian Simvastatin Survival Study), the development
of symptomatic claudication was decreased [19].

RR—relative risk.

FIGURE 3-27. Goals of lipid-lowering therapy for peripheral arterial
disease (PAD). Effective lipid management should be considered a
mandatory component of the medical therapy of patients with objec-
tive evidence of lower extremity arterial occlusive disease. This
strategy has been sanctioned by the recent National Cholesterol
Education Panel (NCEP) guidelines, which recommend that patients
with objective evidence of PAD (symptomatic or objective evidence,
such as a reduced ankle-brachial index) be treated by a therapeutic
lifestyle modification and/or pharmacologic therapy to achieve an
LDL (low-density lipoprotein) cholesterol below 100 mg/dL [20].
Secondary treatment goals include measures to raise HDL (high-
density lipoprotein) cholesterol and to normalize fasting serum
triglycerides. Such efforts should achieve a decreased rate of both
cardiac and vascular ischemic events in this high-risk population.
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FIGURE 3-28. Importance of tobacco abstinence. All patients with

peripheral arterial disease should be strongly encouraged to discontinue

tobacco use in order to decrease the rate of limb atherosclerosis pro-
gression and symptomatic worsening. A, As many as 18% of patients
with claudication who continue to smoke cigarettes may develop rest
pain over the subsequent 5 years of observation [21]. In contrast, those
patients who quit smoking rarely progress to this painful endpoint.

B, Successful tobacco cessation also has major effects on patient survival

in this population [22,23]. The numbers below the graphs indicate the
patients at risk at each time interval. The 5-year mortality rates for
patients with claudication who continue to smoke may be as high as
40% to 50%. In contrast, tobacco abstinence in this population is assoc-

iated with markedly decreased rates of myocardial infarction and stroke,
resulting in an impressive improvement in survival. (Panel A adapted from

De Felice et al. [24]; panel B adapted from Jonason and Bergstrom [21].)

Trials, n Odds ratio / confidence limits

Coronary artery disease
Prior Ml 12 25% risk reduction
Acute Ml 15 30% risk reduction

Prior CVA/TIA 21 22% risk reduction

Unstable angina 12
Peripheral arterial disease
Claudication 26 ——

Peripheral grafts 12 0
Limb angioplasty 4 {1
T T
0 0.5 1. 115 o
Antiplatelet Antiplatelet
therapy better therapy worse

FIGURE 3-29. Role of antiplatelet therapies. The benefits of
antiplatelet therapies (aspirin, clopidogrel, ticlopidine) have been
demonstrated in the secondary prevention of recurrent myocardial
infarction (MI), stroke, and cardiovascular death in patients who
have survived prior myocardial ischemic events. These trials have
evaluated large patient cohorts over an extensive number of years
to show a 22% to 29% risk reduction for these coronary ischemic
events. Whereas over 42 investigations have evaluated antiplatelet
therapies in patients with claudication or after limb arterial
reconstructive procedures, these trials have usually been limited in
size and duration of follow-up, and thus the confidence limits of
these trials have been wide, not reaching statistical significance.
Presently available data suggest that antiplatelet therapy yields
comparable coronary protective benefits in patients with peripheral
arterial disease [24]. Horizontal lines represent 95% confidence
intervals. CVA—cerebrovascular accident; TIA—transient ischemic
attack. (Adapted from [25].)
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FIGURE 3-30. The CAPRIE (Clopidogrel versus Aspirin in Patients
at Risk of Ischaemic Events) tyial. The relative benefits of aspirin
and clopidogrel on the combined endpoint of myocardial infarction
(M), stroke, and vascular death were studied in the prospective
international CAPRIE study [26]. The study recruited patients

with various manifestations of atherosclerosis, including patients
who had suffered a recent MI or ischemic stroke, or had established
peripheral arterial disease (PAD). Investigators hypothesized

that individuals with prior stroke, MI, or PAD suffer comparably
high rates of subsequent MI, stroke, and vascular death. The study
included 6452 patients with PAD, making it one of the largest
prospective trials ever performed to evaluate any medical therapy
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for PAD. In CAPRIE, PAD was defined as either self-reported
claudication with an ankle-brachial index less than 0.85, or a
history of prior lower extremity arterial revascularization pro-
cedures (either angioplasty or vascular surgery) or amputation.
A, Clopidogrel treatment was more effective than standard
aspirin, eliciting an overall relative risk reduction (RRR) of 8.7% in
preventing subsequent ischemic stroke, MI, or vascular death in
the total study population. B, Patients with PAD benefited from
clopidogrel therapy, with a 23.8% RRR compared to aspirin in
this subgroup. Current clinical data therefore suggest that all
patients with documented PAD should receive antiplatelet
therapy unless otherwise contraindicated.

FIGURE 3-31. Role of pentoxifylline therapy. Pentoxifylline was the
first medication approved for treatment of patients with peripheral
arterial disease to improve symptoms of claudication. The mecha-
nism of benefit is reported to be a reduction in blood viscosity and
improved erythrocyte deformability. This figure demonstrates the
expected 20% to 30% improvement from pentoxifylline therapy on
intermittent claudication distance (ICD) and absolute claudication
distance (ACD) in a series of clinical trials [27]. The ICD represents
the treadmill distance walked until the first onset of claudication.
The ACD represents the maximal, limiting treadmill distance until
walking must be terminated. Thus, pentoxifylline elicits only a
small improvement in walking distances, and other therapies

are considered more effective. This agent is well tolerated, only
infrequently eliciting adverse effects (eg, flushing, dizziness,
gastrointestinal distress). (Adapted from Lindgarde et al. [27].)
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FIGURE 3-32. Role of cilostazol therapy for claudication. Cilostazol was approved for with heart failure [29-32].

the treatment of claudication in 1999. This medication is a phosphodiesterase III inhibitor
that increases intracellular cyclic AMP (cAMP) in platelets and vascular smooth

Improvement, %

300

250 —

200

150 —

100

5=

O
®

[
134% ——t—

&

@ Controlled trials
O Uncontrolled trials

96%

O

|
Pain-free

Treadmill walking

|
Peak
time

Walking time, min

14—
12 -
10 —
8 —

4 —
2 —

B Control P <0.05
B Exercise

0

Entry Mid

Exit

Protocol period

FIGURE 3-33. Supervised exercise rehabilitation for the patient
with claudication. The efficacy of claudication exercise training
has been well established by numerous investigators [33-35].
These studies of the efficacy of exercise training have demon-
strated an improvement in both pain-free walking time (mean
increase 134%, represented by the horizontal line) and maximal
walking time (mean increase 96%). The mechanism(s) by which
exercise training improves functional capacity likely is multi-
factorial, inclusive of improvement in blood viscosity, by
promoting a change in walking techniques to more bio-
mechanically efficient techniques, by altering the ischemic

pain threshold or tolerance, or by improving abnormal skeletal
muscle oxidative metabolism. There is no evidence to support the
hypothesis that exercise training improves collateral blood flow.

FIGURE 3-34. Exercise training in peripheral arterial disease (PAD);
effect of a 12-week training program. These data from Hiatt [34]
demonstrate the functional benefit of exercise training in PAD
patients who entered a 12-week supervised walking program
compared with a control group. Total treadmill walking time was
evaluated at study entry, after 6 weeks of training or observation,
and at study exit. The doubling of walking time is typical of the
benefits of exercise rehabilitation for patients with claudication
[34]. (Adapted from Hiatt [34].)
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W[arm-up

Procedural Terminology (CPT) code 93668,
which outlines use of 45- to 60-minute

| Exercise Rest Exercise Rest

Exercise Cooldown

exercise sessions and a motorized tread-
mill or track to permit each patient to
achieve their symptom-limited claudica-
tion [36]. Sessions are usually supervised

Warm-up: approximately 5 minutes

Rest periods: until claudication abates

Repeated exercise periods: end at moderate claudication level

by an exercise physiologist, nurse, or phys-
ical therapist, who documents the patient’s
claudication threshold and other cardio-

vascular limitations. Periods of alternating

FIGURE 3-35. Claudication exercise training. Exercise reproducibly elicits an improvement
in pain-free and maximal walking distance when repeated exercise sessions are

exercise and rest are then performed in
sessions scheduled at least three times
weekly for a minimum of 12 weeks.

performed on a regular schedule, which has been demonstrated to be effective only in
supervised settings. Therapeutic exercise for claudication is outlined by Current

PERCUTANEOUS THERAPY

| CLINICAL APPROACH TO REVASCULARIZATION

L e S i T R

What are the therapeutic goals?

Claudication, rest pain, wound healing, or threatened limb
Localize the physiologically important anatomic disease
Aortoiliac vs iliofemoral vs infrapopliteal

Determine the optimal revascularization techniques
for that site (initial success and long-term patency rates)

Thrombolysis vs PTA vs in situ or PTFE bypass (or combination)

What is the impact of revascularization on cardiovascular
homeostasis?

What is the comorbidity of the revascularization technique?

FIGURE 3-36. Clinical approach to revascularization. Revascularization
may be indicated to improve leg ischemic symptoms if severe claudi-
cation is refractory to medical therapy or if critical limb ischemia
(rest pain, nonhealing ischemic wounds, or rest pain) supervene. The
advent of catheter-based therapies has profoundly improved the treat-
ment of lower extremity arterial occlusive disease, permitting a nonsur-
gical method for restoration of limb perfusion. The rapid evolution of
percutaneous and surgical techniques may permit either a percutaneous
or surgical revascularization approach alone or in combination.
Therefore, the choice of revascularization techniques and the likelihood
of achieving clinical success are dependent on the unique features of the
individual patient. The clinician should define a precise therapeutic
goal, attempt to correct the most physiologically severe arterial lesions,
and be cognizant of local success rates for the desired revascularization
procedure. The relative short- and long-term cardiovascular risk

of the revascularization procedure should be considered prior to
initiating a limb revascularization strategy.

Long-term clinical success should be defined by the degree of
symptom improvement, not merely by the angiographic patency rate
for a selected improvement. PTA—percutaneous transluminal angio-
plasty; PTFE—polytetrafluoroethylene.

FIGURE 3-37. Iliac angioplasty. A, The
distal aorta and proximal segments of
both common iliac arteries are diseased
in this 65-year-old man with severe thigh
claudication. B, Balloon angioplasty was
successful in decreasing the severity

of the stenoses in both iliac arteries, with
complete alleviation of the patient’s
exercise limitation.
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INDICATIONS FOR ENDOVASCULAR ILIAC STENTS

Ineffective angioplasty

Residual stenosis > 30%

Residual gradient > 10-20 mm Hg
Refractory restenosis
Total iliac artery occlusions
Ulcerated plaque
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FIGURE 3-38. Indications for endovascular stents. Despite the rela-
tive success of iliac angioplasty to achieve revascularization of the
more proximal limb circulation, this success remains tempered by
residual long-term restenosis rates. Considerable effort has led to
the development of metallic endovascular prostheses (stents) that
may be placed percutaneously at stenotic arterial sites to further
improve long-term patency rates. The indications for placement
of the iliac stents include an ineffective primary angioplasty
(defined by a significant residual stenosis or pressure gradient),
refractory restenosis due to elastic recoil or severe intimal hyper-
plasia, revascularization of long occluded iliac artery segments,
and regions of marked iliac ulceration.

FIGURE 3-39. Percutaneous transluminal angioplasty (PTA)
patency rates with and without stents for aorto-iliac disease.
Bosch and Hunink [37] performed a meta-analysis of six PTA
studies inclusive of 1300 patients and eight stent studies inclusive
of 816 patients to summarize procedural success. Four-year
primary patency rates were 65% for stenoses and 54% for
occlusions after PTA to treat claudication. Primary patency
rates were 53% for stenoses and 44% for occlusions to treat
critical limb ischemia. Patency rates for both stenoses and
occlusions in both claudication and critical limb ischemia were
increased whenstent placement was used.
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FIGURE 3-40. Placement of iliac stents for
the treatment of iliac disease. A, Standard
balloon angioplasty is used initially to
decrease the diameter of the iliac stenosis.
B, The stent is then loaded onto a balloon
catheter and guided to the diseased
arterial segment. C, Balloon inflation
permits the stent to enlarge to its maximal
diameter. D, After removal of the catheter,
the stent retains its position and intima
will eventually grow to encompass

the metallic mesh.



FIGURE 3-41. Bilateral iliac revascularization using multiple Palmaz stents (Cordis Corp.,
Miami, FL). The combined use of angioplasty and endovascular stent placement has been
used successfully to achieve bi-iliac revascularization. These pelvic angiograms show a
32-year-old woman who presented with severe, bilateral claudication of the thighs,
calves, and feet, with great toe ischemic ulceration. A, On initial contrast injection, the
distal aorta is noted to taper, and little filling of the common iliac arteries is observed.

B, A later film demonstrates a long occluded segment of the right common iliac system
and high-grade stenosis at the origin of the left common iliac artery. C, Guidewires were
placed across these two diseased segments from distal puncture sites, and the “kissing
balloon” technique was used to treat both arterial segments simultaneously; serial
Palmaz stents were placed using the same technique. D, The patency of both iliac
segments is demonstrated in the final angiogram at the conclusion of this procedure.
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SURGICAL TREATMENT

W

FIGURE 3-42. Aorto-bifemoral bypass. The
surgical placement of a prosthetic aorto-
bi-iliac bypass graft from the infrarenal
aorta to the femoral arteries is the most
frequently employed surgical approach for
aortoiliac disease. A, Schematic preopera-
tive angiogram. B, Resection of the diseased
aorta with oversewing of the distal aortic
stump. C, End-to-end anastomosis of the
aorta to the proximal bypass graft. D, The
entire aorto-bifemoral graft in place [38].
(Adapted from Brewster [38].)

FIGURE 3-43. Femoral-femoral bypass. A femoral-femoral bypass
graft may be placed to treat unilateral iliac occlusive disease if
the contralateral iliac arteries are free of significant stenoses [38].
(Adapted from Brewster [38].)
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ATENCY RATES FOR SURGICAL
LIMB BYPASS PROCEDURES

SITE
Aorto-bifemoral bypass
Above-knee SVG

1-Y PATENCY, %
90-95
80-90
70-90

5-Y PATENCY, %
80-90
60-80
50-80

Below-knee SVG

FIGURE 3-44. Patency rates for aorto-bifemoral and saphenous
vein bypass grafts (SVGs). Many factors contribute to the dura-
bility of all surgical revascularization procedures. These factors
include anatomic characteristics, such as the adequacy of both the
inflow of blood into the graft and the outflow (runoff) distal to
the bypass graft, as well as patient-related factors, such as the
presence of diabetes or continued tobacco use.

THROMBOANGIITIS OBLITERANS AND

FIBROMUSCULAR DYSPLASIA

CLINICAL HALLMARKS OF o
THROMBOANGIITIS OBLITERANS

Prevalence: 13/100,000

Demographic profile: Young age (< 40 y); M:F ratio: 7:3;
tobacco users predominate
Pathology: Affects small and medium-sized arteries and veins;

segmental, inflammatory obliterative panarteritis; associated
thrombosis with variable organization; rare giant cells

FIGURE 3-46. Digital ischemia in upper extremity arterial occlu-
sive disease. Gangrene of the fingertips is an unfortunate and
common clinical presentation of thromboangiitis obliterans.

FIGURE 3-45. Clinical hallmarks of thromboangiitis obliterans
(TAO). Thromboangiitis obliterans (Buerger’s disease) is a
well-defined clinicopathologic entity that may cause an oblitera-
tive arteritis affecting the upper or lower extremity of young
adults. It affects primarily young adults (< 40 years of age),
with a male predominance. Thromboangiitis obliterans elicits a
segmental, inflammatory vasculitis affecting small to medium-
sized arteries and veins. Associated thrombosis, the presence

of occasional giant cells, and fibrosis are common
histopathologic hallmarks.

S OF THROMBOANGIITIS OBLITERANS |

| DIAGNOSI

Clinical
Young patient with distal arterial occlusive disease
Associated superficial thrombophlebitis
Digital ischemic syndromes

Angiographic

Distal small and medium-sized arteries affected

Abrupt segmental occlusive lesions

Absence of atherosclerotic irregularities
Confirmed by histopathology

FIGURE 3-47. Establishing the diagnosis of thromboangiitis
obliterans (TAO). The diagnosis of TAO is often considered
empirically when young, tobacco-using patients present with
severe distal upper or lower extremity ischemia. However, estab-
lishment of a definitive diagnosis requires the presence of assoc-
iated clinical, angiographic, or histopathologic features.
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FIGURE 3-48. Angiographic presentation of thromboangiitis obliterans (TAO).
Angiographic studies provide essential information that may aid in confirming
the diagnosis of TAO, in delineating the extent of occlusive disease to guide
revascularization, and to localize promising sites for arterial biopsy. A, In this
patient the proximal brachial arteries appear normal, but the vessels demon-
strate focal tubular stenoses in their midportion. Generous collateral vessels
are also present. B, The hand angiogram demonstrates truncation of the radial
artery at the wrist, disruption of the palmar arch, and occlusion of multiple

digital arteries. Prominent corkscrew collaterals are also noted.
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FIGURE 3-50. Contrasting patterns of patient survival for throm-
boangiitis obliterans (TAO) versus arteriosclerosis obliterans
(ASO). The presence of severe arterial disease in young adults may
be due to either TAO or premature atherosclerosis (ASO). This
differentiation of etiology has important prognostic implications.
McPherson et al. [40] have noted that the survival of patients with
TAO is comparable to that of an age-matched normal population,
whereas those patients with severe premature atherosclerosis were
likely to experience foreshortened survival due to ischemic cardiac
and cerebral events. (Adapted from McPherson et al. [40].)

FIGURE 3-49. Histopathology of thromboangiitis
obliterans (TAO). The distinctive histopathologic
features of TAO were described by Buerger in

his original report of this disease [39]. The initial
lesion is characterized by a lymphocytic infiltration
of the media and adventitia, with occasional giant
cells (arrows) and rare eosinophils. The arterial
lumen may be occluded initially by a cellular
thrombus, which may recanalize in older lesions.
Although a reactive fibrosis may result in late
lesions, the elastic laminae are often spared.
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TREATMENT OF THROMBOANGIITIS OBLITERANS

Total abstinence from all tobacco use
Surgical revascularization
Anticoagulation and antiplatelet therapies

Calcium channel antagonists or PGE, infusion
Amputation

FIGURE 3-51. Treatment of thromboangiitis obliterans (TAO).
Although the mechanism(s) by which tobacco contributes to the
etiology of TAO remain obscure, complete abstinence from use

of all forms of tobacco is essential. Patients who successfully

stop smoking require amputation at a markedly diminished rate.
Continued tobacco use bodes unremitting limb ischemia and
amputation. Inasmuch as TAO tends to cause distal arterial occlu-
sions, surgical revascularization may often be difficult. Intravenous
heparin has been advocated in early disease stages to diminish the
thrombotic contribution to limb ischemia, and antiplatelet thera-
pies are indicated for long-term treatment. The role of calcium
channel antagonists has not been defined by controlled clinical trials,
although their use has been advocated. Infusion of prostaglandin
E, (PGE,) has been reported to improve digital wound healing
rates in TAO in one clinical trial.
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FIBROMUSCULAR DYSPLASIA

CLINICAL HALLMARKS OF
FIBROMUSCULAR DYSPLASIA

B

ETIOLOGY
Congenital hyperplastic disease that affects medium-sized
and small arteries

Sites of involvement: renal > carotid > subclavian, iliac, coro-
nary, mesenteric arteries

Three subtypes based on predominant involvement of the
intima, media (hyperplasia or fibroplasia), or periadventitia

CLINICAL PRESENTATION

More prevalent in young adults (ages 20-40 y)
Females > males (8:1 in nonpediatric patients)
Presenting symptoms vary by region affected

ANGIOGRAPHIC ASSESSMENT

may cause focal

Classic appearance as a "sIrinﬁl, of beads”;
occlusions or poststenotic dilatation

FIGURE 3-52. Clinical hallmarks of fibromuscular dysplasia.
Fibromuscular dysplasia is a congenital hyperplastic disease that
affects primarily medium and small-sized arteries, and may cause
serial eccentric stenoses and dilatation of the diseased artery [41].
Ninety percent of adult patients with fibromuscular dysplasia are
female. The most common sites of involvement are the renal and
carotid arteries, but coronary, subclavian, mesenteric, and iliac
arterial involvement may occur. At least three distinct histopatho-
logic variants have been described based on the predominant
involvement of the intima, media, or periadventitial arterial
layers. The clinical presentation is dependent on the anatomic
site of the affected arterial segment. fibromuscular dysplasia in
each regional arterial bed produces symptoms identical to those
caused by arterial occlusive disease of other etiologies.

FIGURE 3-53. Angiographic
presentation of fibromuscular
dysplasia. Fibromuscular dysplasia
may appear as a classic “string of
beads,” in which areas of stenosis
alternate with areas of aneurysmal
dilatation. A, This angiogram
demonstrates fibromuscular
dysplasia affecting the distal right
renal artery in a 34-year-old woman
with renovascular hypertension.

B, This lesion was successfully
treated by balloon angioplasty

12 %sMos

of the affected arterial segment.
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POPLITEAL ENTRAPMENT SYNDROME

POPLITEAL ARTERY ENTRAPMENT SYNDROME:
DIAGNOSIS

——— y s i o
R e O D T R v e R A

CLINICAL PRESENTATION
Young male or female without atherosclerosis
Exercise-induced calf claudication

Differential diagnosis includes popliteal adventitial cyst

PHYSICAL EXAMINATION

Ankle extension: normal ankle pulses

Ankle flexion: decreased ankle pulses

ANGIOGRAPHY

Popliteal artery occlusion, medial deviation, or poststenotic
dilatation

Obtain views with ankle dorsiflexion and plantar flexion

FIGURE 3-54. Principal features of the popliteal entrapment
syndrome. The popliteal entrapment syndrome is caused by a
congenital abnormality in the relationship between the popliteal
artery and the medial head of the gastrocnemius (or associated)
muscle. The true incidence of this anatomic variation is unknown.
The diagnosis of popliteal entrapment is most commonly con-
sidered in active males who present with exercise-induced calf
claudication, although the syndrome may also be present in
athletic women. This variant of normal popliteal artery anatomy
may be present without symptoms or may elicit either acute or
chronic lower extremity ischemic symptoms (including distal
limb thromboemboli). The possibility of popliteal adventitial

cyst disease should be considered in the differential diagnosis.
Evidence for bilateral entrapment should be sought. The presence
of normal ankle pulses (or Doppler blood flow pattern) with the
ankle in a neutral position and the subsequent decrease in these
pulses with ankle flexion supports this diagnosis. Angiographic
studies may demonstrate segmental occlusion of the mid-
popliteal artery, medial deviation of the vessel, poststenotic
dilatation, or popliteal aneurysm formation.

POPLITEAL ARTERY ENTRAPMENT SYNDROME:
OPERATIVE TREATMENT

Release of the muscular origin of the medial head of the
gastrocnemius or popliteus muscle

Vein graft bypass if the popliteal artery is chronically occluded

FIGURE 3-55. Angiographic presentation of popliteal entrapment
syndrome. A, This digital angiogram of the left popliteal artery
was performed during slight plantar flexion of the foot. In this
position, there is only slight narrowing of a short segment of the
mid-popliteal artery (arrow). B, With complete plantar flexion

of the foot, the lumen of the popliteal artery has become pro-
gressively narrower (arrow). In some affected individuals,

such ankle flexion maneuvers may provoke total popliteal
arterial occlusion. (Courtesy of A.W. Stanson, MD, The Mayo
Clinic, Rochester, MN.)

FIGURE 3-56. Treatment of popliteal entrapment syndrome.
Operative treatment should be considered in both symptomatic
individuals as well as in asymptomatic individuals who may be
at risk for subsequent limb-threatening ischemic complications.
Operative release of the entrapped artery, thrombolysis of occluded
segments, and/or vein graft bypass procedures are indicated in
these patients.
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ACUTE ARTERIAL OCCLUSION

R it o - FIGURE 3-57. Clinical presentation of acute arterial occlusion. The classic clinical presenta-
~ tion of acute arterial occlusion is characterized by the five “Ps”: limb pain, paresthesias,
PRESENTING SYMPTOMS IN pallor, pulselessness, and paralysis. Viable limbs are characterized by the lack of rest pain,
ACUTE ARTERIAL OCCLUSION adequate skin capillary blood flow, the presence of audible pedal arterial Doppler flow
signals, and ankle systolic pressures greater than 30 mm Hg (SVS/ISCVS [Society for
Vascular Surgery/International Society for Cardiovascular Surgery] class I). Threatened
limbs that may be salvageable with prompt treatment are more likely to present with
Paresthesias Paralysis ischemic rest pain, mild sensory or motor neurologic deficits, and absent arterial Doppler
Pallor flow signals (but intact venous flow) (class II). Major, irreversible ischemia is likely in limbs

in which there is profound sensory and /or motor dysfunction, absent skin capillary blood
flow, and neither arterial nor venous Doppler flow signals (class III) [42].

Pulselessness

Uro pulse spray

FIGURE 3-58. Radiographic presentation of acute arterial occlusion. A 62-year-old woman
presented with a 3-day history of rapidly progressive left calf claudication. The left ankle-
brachial index was diminished to 0.48 from her prior baseline value of 0.87. A, Angiography
demonstrated an occlusion of the distal superficial femoral and proximal popliteal arteries,
with spare bridging collaterals. B, An infusion catheter was placed to permit local administra-
tion of urokinase for 6 hours, yielding a patent vessel. A focal distal superficial femoral artery
stenosis was present at the origin of the occluded segment with minor residual local thrombus
remaining. C, The stenotic segment was then treated by angioplasty to achieve complete
patency and normal antegrade flow through the previously occluded segment.
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Emboli

In situ thrombosis: high-grade native-vessel stenoses, graft stenoses
Vascular inflammatory diseases

Trauma: external compression, dissection, compartment syndrome

Severe venous diseases: phlegmasia cerulea dolens
Other: hypercoagulable states, intravenous drug abuse

FIGURE 3-59. Etiologies of acute arterial occlusion. Acute arterial
occlusion is most commonly a consequence of the atherosclerotic
disease process. An embolus is usually a consequence of athero-
sclerotic disease at a central arterial site (eg, a thrombus origi-
nating from the heart, the aorta, or a proximal ulcerated arterial
plaque). In contrast, in situ thrombosis may result from the low

flow and disrupted endothelium present in high-grade atheroma.

Alternative etiologies may contribute to the occurrence of acute
arterial occlusion, and include arterial inflammatory diseases,
vascular trauma, and primary hypercoagulable states.

. ETIOLOGIES OF ACUTE ARTERIAL OCCLUSION

@ Thrombus
B Embolus

Lysis following urokinase infusions, %

0-3 4-10 11-89 90-1095

Duration of occlusion, d

AAA or other vascular source (5%)
- Other (10%)

RHD or valvular
source (19%)

Atrial fibrillation
(58%)

Severe CHF or acute M
(8%)

FIGURE 3-60. Cardiovascular etiologies of acute arterial throm-
boembolism. Essentially all thromboemboli are the result of
underlying medical diseases. Atrial fibrillation remains the most
common cardiac etiology contributing to the pathogenesis of distal
acute arterial occlusions. Valvular heart disease, congestive heart
failure (CHF), or acute myocardial infarction (MI), and abdominal
aortic aneurysms (AAA) account for etiology of the majority of the
remainder of cases. RHD—rheumatic heart disease.

FIGURE 3-61. Intra-arterial thrombolysis: efficacy relative to
duration and etiology of occlusion. The duration of arterial
occlusion predicts the response to thrombolytic treatment. One
study evaluated the relative rates of clot lysis based on the duration
of symptoms before treatment and the thrombotic versus embolic
etiology of the arterial occlusion. Although the youngest clots were
more likely to be lysed by thrombolytic therapy, successful clot lysis
was often possible even in limbs suspected to be occluded between
1 week and 3 months. Thrombotic occlusions were more likely to
undergo complete clot lysis than embolic lesions. (Adapted from
McNamara and Fischer [43].)
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iL lectomy

Endovascular or surgical therapy based on:
Location of occlusion
Embolism vs thrombus
Duration of ischemia
Native artery or graft
Patient-related risks
Intervention-related risks
Contraindications to thrombolysis

FIGURE 3-63. Thrombolysis versus surgery for acute limb ischemia. The relative efficacy of
thrombolytic versus surgical revascularization of acute arterial occlusion was assessed
prospectively in two trials. The STILE (Surgery versus Thrombolysis for Ischemia of the
Lower Extremity) trial evaluated 393 patients who presented with limb ischemia of less
than 6 months” duration, randomizing subjects to optimal surgical revascularization versus
intra-arterial, catheter-directed thrombolysis with either tissue plasminogen activator or
urokinase [45]. Outcome assessment included death, ongoing/recurrent ischemia, major
amputation, or major morbidity (eg, bleeding). In this study, surgical revascularization was

FIGURE 3-62. Intra-arterial thrombolysis: 6-month patency rates.
109 o e Although the efficacy of early clot lysis depends on the cause and
PO B Residual stenosis duration of arterial occlusion, the long-term patency rate is
80 — - 7/9 45 dependent on correction of underlying factors that might impede
| y antegrade blood flow. In the absence of a residual stenosis in the
native iliac vessels, the 6-month patency rate was excellent.
s Six-month patency rates were somewhat less in superficial
‘E;“ B femoral arteries (SFA), aortofemoral bypass grafts (AFB), and
b o femoropopliteal bypass grafts (FPB). In contrast, patency rates
&€ were poor at all native and graft sites in this study if a residual
30 stenosis was left untreated [44]. (Adapted from McNamara and
20 - Bomberger [44].)
10 = 1/10 114
! 00 - o1 _—
Native/iliac SFA AFB FPB
more effective than thrombolysis in patients
with less than 6 months of ischemia, with
Acute limb ischemia similar safety profiles for the two interven-
{} tions. For patients with acute limb ischemia
: ; T S of less than 14 days’ duration, a higher rate
Arterial thromboembolism by initial clinical examination of amputation-free survival and shorter
{} hospital stays were observed for the throm-
: o bolysis groups. The TOPAS (Thrombolysis
Heparin unlessI Icontralndlcated or geripglleralf Arterial Surgery) trial Yy
@ {} randomized 548 patients with leg ischemia
{; {} of less than 14 days’ duration to vascular
Class | Class IIA Class 11B Class 11l surgery or catheter-directed intra-arterial
Viable Marginally Immediately Not viable thrombo]ysis (urokinase). The primary
threatened threatened endpoint of this study was amputation-free
{} {} {} {} survival, with secondary endpoints of
Treat as per chronic Close monitoring Urgent Amputation after 1-yezi1r amputation-free su‘I'Vlval and
limb ischemia Urgent arteriography thromboembo- demarcation survival free of the following events:
open surgical procedures at 6 months, clot

lysis, increase in ankle-brachial index, and
hemorrhagic events [46]. TOPAS demon-
strated high rates of recanalization (67.9%
complete clot dissolution), and both treat-
ments led to similar 6-month amputation-
free survival (71.8% and 74.8% for throm-
bolysis and surgery, respectively). Patients
treated by urokinase underwent fewer
open operative procedures, but suffered a
greater incidence of major hemorrhage. The
results of these two studies and others have
led to this algorithm for care [47], in which
clinical examination and classification of
the degree of limb ischemia (per Society

for Vascular Surgery classes) is followed

by a choice of arteriography and endo-
vascular or surgical therapy (choice based
on an individual patient risk-benefit
assessment), urgent thromboembolectomy,
or amputation.
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ATHEROEMBOLISM

LINICAL HALLMARK

C

ETIOLOGY

SO

F ATHEROEMBOLIS

M

Macroembolism of atherosclerotic debris (erythrocytes, platelet aggregates, fibrin) to distal arteries

Microembolism of cholesterol crystals to arteriolar beds
Event may be spontaneous or triggered by specific events (eg, catheteriza

CLINICAL PRESENTATION

More common in individuals with advanced atherosclerosis

Limb ischemia, single-organ dysfunction, or multi-organ system failure
Presenting symptoms vary by region affected

FIGURE 3-64. Etiology and clinical presentation of atheroembolism.
The syndrome of atheromatous embolization remains frequently
misdiagnosed and unrecognized. It is caused by the embolization of
atherosclerotic debris and cholesterol crystals from proximal arterial
plaques to distal organ systems. Although these atheroembolic
episodes may occur spontaneously, it is increasingly recognized that
specific iatrogenic events (arterial instrumentation, major surgery,
initiation of anticoagulant or thrombolytic therapies) may precipi-

PHYSICAL EXAMINATION

Blue toe syndrome, livedo reticularis, ulceration, gangrene

LABORATORY EVALUATION

Elevated ESR, leukocytosis, anemia

Elevated BUN, creatinine, active urine sediment
Elevated hepatic transaminases or amylase
Eosinophilia and hypocomplementemia

FUNDOSCOPIC EXAMINATION AND TISSUE BIOPSY

Retinal arterial cholesterol emboli (Hollenhorst plaque)
Skin or muscle (gastrocnemius or quadriceps) biopsy
Pathognomonic needle-shaped cholesterol clefts

tion, surgery, anticoagulation/thrombolysis)

tate an atheroembolic shower. The syndrome is more common in
elderly men with advanced atherosclerosis. The clinical syndrome
may include nonspecific symptoms and signs suggesting a systemic
illness (eg, fever, malaise, anorexia, weight loss, myalgias, headache),
or atheroembolism may provoke acute, catastrophic organ system
failure. The varied clinical presentations of atheroembolism have
earned the syndrome the moniker “the great masquerader.”

FIGURE 3-65. Diagnosis of atheroembolism. Because there are
few signs or symptoms that are specific for atheroembolism, it is
frequently overlooked. Recognition begins with a high index of
clinical suspicion. Atheroembolism should be suspected when
patients with advanced atherosclerotic disease present with new
limb ischemia (especially “blue toe syndrome,” livedo reticularis,
or ischemic ulcers), renal failure, amaurosis fugax, transient
ischemic attacks, or angina that is not explained by local large
artery occlusive disease. Although the laboratory findings may
also be nonspecific in these patients, elevations in erythrocyte
sedimentation rate (ESR), leukocytosis, anemia, and azotemia are
common. Confirmation of atheroembolism may be established
by direct fundoscopic examination or muscle biopsy, which may
demonstrate pathognomonic cholesterol crystals in the retinal
artery branches or in the small vessels of affected tissues.
BUN—blood urea nitrogen.
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FIGURE 3-66. Blue toe syndrome. A and B, The blue toe syndrome  toes. Such end-arterial occlusion may elicit mild cyanosis or frank
is caused by occlusion of the small digital arteries that supply the  digital ischemic ulceration or necrosis.

G S

(3 FIGURE 3-68. Retinal atheroemboli:
Hollenhorst plaque. This is the appearance
of a refractile cholesterol atheroembolus in a

\
: J ! i dal f branch retinal arteriole.
i‘m J f’ ) |

FIGURE 3-67. Livedo reticularis. Although livedo reticularis may
be provoked by an atheroembolic shower to the dermal vessels,
this striking cutaneous finding is not specific for this condition.
As in this example of livedo reticularis affecting this patient’s
forearms, the skin demonstrates a netlike pattern of confluent,
cyanotic skin surrounding areas of normal skin color.
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FIGURE 3-69. Treatment of atheroembolism. The

time course of onset and resolution of the signs
and symptoms of atheroembolism are quite

TREATMENT OF ATHEROEMBOLISM

R LRSS0 2 ok Fateal i

=
S Tta T

variable. Conservative care is mandated and

SYMPTOMATIC CARE OF AFFECTED END-ORGANS

Local foot care, debridement, limited amputation
Avoidance of nephrotoxic drugs

TREATMENT OF THE ATHEROEMBOLIC SOURCE

Resection of thoracic or abdominal aortic aneurysms
Resection or stenting of ulcerated iliac plaque

Avoid thrombolytic or anticoagulant therapies
Aspirin (?)

SECONDARY PREVENTION OF CARDIAC DEATH

Patients who survive an episode of systemic atheroembolism have a high risk of
subsequent cardiovascular death; attention and treatment of ischemic cardiac

symptoms is merited

is directed primarily at treatment of affected
end-organs. Ischemic, ulcerated, or gangrenous
toes may require debridement or limited
amputation. If an obvious atheroembolic source
can be discerned (aortic aneurysms or aorto-iliac
ulcerated plaque), definitive treatment may be
attempted via surgical resection or local arterial
stenting. However, the relative risk of acute
precipitation of additional ischemic events
versus the potential benefit of long-term risk
reduction must be considered carefully. These
patients suffer a high rate of cardiovascular
death in the years after an initial atheroembolic
event, and treatments should also be directed
at prolonging overall survival.
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cra~eter RENAL ARTERY DISEASE

Jeffrey W. Olin

Renal artery stenosis (RAS) is most commonly due to either fibromuscular dysplasia or
atherosclerosis. Fibromuscular dysplasia is found most commonly in young women with
hypertension, while atherosclerosis usually is found in individuals over age 55 years
presenting with hypertension, renal failure (ischemic nephropathy), or congestive heart
failure. Renal artery stenosis may be discovered incidentally (atrophic or small kidney)
during imaging studies for other reasons or at autopsy. Incidental RAS is quite common,
while renovascular hypertension occurs only in 1% to 5% of all patients with hypertension.

The presence of anatomic RAS does not necessarily establish that the hypertension or
renal failure is caused by RAS. Many patients have had essential (primary) hypertension for
years and then develop atherosclerotic RAS later in life.

Screening tests for RAS have improved considerably over the past decade. While capto-
pril renography was utilized almost exclusively in the past, duplex ultrasound of the renal
arteries or magnetic resonance angiography have replaced other modalities as the screening
tests of choice in many centers. Rarely does an arteriogram have to be performed for
diagnostic purposes only.

Management of RAS consists of three possible strategies: medical management, surgical
management, or percutaneous therapy with balloon angioplasty and stent implantation. The
treatment of choice to control hypertension in patients with fibromuscular disease is per-
cutaneous angioplasty. Renal artery stenting has replaced surgical revascularization for most
patients with atherosclerotic disease who require an intervention. Indications for revascular-
ization include at least a 70% stenosis of one or both renal arteries and inability to
adequately control blood pressure despite a good antihypertensive regimen, or chronic renal
insufficiency not related to another clear-cut cause (disease should be bilateral or stenosis to
a solitary functioning kidney). Other indications for revascularization include dialysis-
dependent renal failure in a patient without a definite cause of end-stage renal disease, and
recurrent congestive heart failure or flash pulmonary edema not attributed to a cardiac
cause. The treatment of elevated serum creatinine with unilateral disease is controversial,
and there are no good clinical trials to help guide the clinician.




In patients with long-standing hypertension, a cure
with surgical or percutaneous intervention is unlikely.
However, 50% to 80% of patients do experience improve-
ment in blood pressure control. While there is
compelling evidence to suggest that stent implantation
can improve or at least stabilize renal function in many
patients, there remain 15% to 20% of patients in whom
renal function deteriorates after percutaneous inter-
vention. Reasons for this deterioration include contrast
injury, atheromatous embolization, or renal failure
caused by an etiology other than RAS, ie, nephro-

sclerosis. It is may be difficult to predict which patients
will exhibit a decline in renal function after percutaneous
intervention.

Risk factor modification is important for all patients
with RAS. Patients should be advised to stop smoking,
lose weight, and exercise. Control of diabetes and appro-
priate management of hyperlipidemia are equally impor-
tant. Since the majority of lesions are attributable to
atherosclerosis or fibromuscular dysplasia, comments
regarding therapy will focus on these two diseases.

ETIOLOGY OF RENOVASCULAR DISEASE

who underwent a right nephrectomy 15
years earlier. At age 62, she presented

with malignant hypertension and acute
renal failure. There is a subtotal stenosis
(arrow) to a solitary kidney. The patient
underwent percutaneous transluminal
angioplasty and was able to come off
dialysis until a fatal complication occurred.
B, Arteriogram of the aorta, renal, and iliac
arteries. Note severe aortic and renal artery
atherosclerosis. The left renal artery is
occluded, and the right renal artery has a
severe stenosis in the proximal portion
(arrow). The distal abdominal aorta has
severe ulcerated plaques (double arrows).
The wandering artery of Drummond

FIGURE 4-1. Examples of severe renal artery stenosis (RAS) in a solitary functioning
kidney. Approximately 90% of all renovascular lesions are secondary to atherosclerosis
(see Fig. 9-1). While atherosclerotic RAS may be isolated to the renal artery alone, it is
more commonly a manifestation of generalized atherosclerosis involving the aorta, coro-
nary, cerebral, and peripheral vessels. Atherosclerotic RAS most often occurs at the
ostium or at the proximal 2 centimeters of the renal artery. A, Angiogram of a patient

(arrowhead) indicates that there is severe
disease or occlusion to either the superior
mesenteric artery or inferior mesenteric
artery. (Panel A from Olin and Wholey [1];
with permission; panel B from Olin and
Begelman [2]; with permission.)
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CLASSIFICATION OF FIBROMUSCULAR DYSPLASIA

| CLASSIFICATION
Medial dysplasia

FREQUENCY, % PATHOLOGY

membrane may be lost in some areas

Medial fibroplasia 75-80 Alternating areas of thinned media
and thickened fibromuscular ridges
containing collagen; internal elastic

Perimedial fibroplasia 10-15 Extensive collagen deposition
in the outer half of the media

Medial hyperplasia 1-2 True smooth muscle cell hyperplasia
without fibrosis

Intimal fibroplasia <10

Adventitial (periarterial)
fibroplasia

Circumferential or eccentric deposition
of collagen in the intima; no lipid or
inflammatory component; internal
elastic lamina fragmented or duplicated

Dense collagen replaces the fibrous
tissue of the adventitia and may
extend into surrounding tissue

ANGIOGRAPHIC APPEARANCE

“String of beads” appearance
where the diameter of the
“beading” is larger than
the diameter of the artery

“Beading” in which the “beads”
are smaller than the diameter
of the artery

Concentric smooth stenosis
(similar to intimal disease)

Concentric focal band; long,
smooth narrowing

FIGURE 4-2. Classification of fibromuscular dysplasia (FMD).
Fibromuscular dysplasia is a nonatherosclerotic, noninflammatory
disease that most commonly affects the renal arteries and is

the second most common cause of renal artery stenosis (RAS).

The most common clinical presentation is that of hypertension in a
young woman. Fibromuscular dysplasia has been demonstrated
in virtually every vascular bed. Renal artery involvement occurs
in 60% to 75% of patients with FMD, followed by involvement of
the cervicocranial arteries in 25% to 30%, visceral arteries in 9%,
and arteries of the extremities in approximately 5% of patients.
Fibromuscular dysplasia may present as a systemic disease
(affecting a combination of the carotids, mesenteric, subclavian,
and/or extremity vessels) in up to 28% of patients. The diagnosis

rarely is made pathologically, but usually is determined by its
typical angiographic appearance. Fibromuscular dysplasia
characteristically involves the distal two thirds of the renal
artery and may involve the branches.

The lesions of FMD are thought to be congenital dysplasias
with maldevelopment of the fibrous, muscular, and elastic tissues
of the renal artery. They are subcategorized according to the layer
of the arterial wall involved. This classification is important
since each type of fibrous dysplasia has distinct histologic and
angiographic features, and each type occurs in a different clinical
setting. Most patients with FMD respond well to balloon
angioplasty alone and do not require stent implantation [3-5].
(Adapted from Begelman and Olin [4].)
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FIGURE 4-3. Medjial fibromuscular dysplasia (FMD). Medial FMD has been further
divided into medial hyperplasia, perimedial dysplasia, and medial fibroplasia. Medial
fibroplasia is the histologic finding in nearly 80% of all cases of FMD. It tends to occur in
25- to 50-year-old women and often involves both renal arteries. It has a “string
of beads” appearance angiographically, with the “bead” diameter larger than the
proximal, unaffected artery (A).

The areas of stenosis are often overshadowed by contrast medium in the micro-
aneurysms, making the degree of actual stenosis difficult to assess. This beading is
due to thickening of the media, interspersed by areas of aneurysmal dilatation.

[4]; with permission.)
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Microscopically, the internal elastic
membrane is thinned variably and disap-
pears. Within the alternating thickened
areas, much of the muscle is replaced by
collagen, hence the term medial fibro-
plasia. In other areas, thinning of the
media occurs to the point of complete loss,
and microaneurysms can be seen as
saccules lined by only the external elastica.
In extreme cases, giant aneurysms may be
found in association with medial fibro-
plasia. Progression to total occlusion is rare
in this subtype. This type of FMD also
occurs commonly in the extracranial
carotid (B) or vertebral arteries. Note that
FMD occurs several centimeters from the
carotid bifurcation, whereas atheroscle-
rosis occurs most often at the carotid bifur-
cation. There is an increased risk of cere-
bral aneurysm in patients with medial
fibroplasia, especially when it involves the
carotid or vertebral arteries. All patients
with cervicocranial FMD should have a
cerebral arteriogram performed at the time
of the arteriogram of the carotid and verte-
bral arteries. If a standard angiogram is not
indicated, a magnetic resonance angiogram
should be performed to eliminate the
possibility of a central nervous system
aneurysm. (Panel A from Olin and Novick
[6]; with permission.)

FIGURE 4-4. Intimal fibroplasia. Intimal fibroplasia occurs in children and young adults,
and accounts for approximately 10% of the total number of fibrous lesions. This lesion is
characterized by a circumferential accumulation of collagen inside the internal elastica
lamina. Disruption and duplication of the elastica internal occur more often in younger
patients, with dissecting hematomas as a complication in some patients. Intimal
fibroplasia with complicating medial dissection is characterized pathologically by

large dissecting channels in the outer one-half of the media. Arteriography in intimal
fibroplasia reveals either a smooth long area of narrowing or a concentric band-like
focal stenosis, usually involving the midportion of the vessel or its branches.

A, Long, smooth narrowing of the right renal artery in a patient with intimal fibroplasia.
B, Note the concentric band in the distal internal carotid artery in the young woman with
intimal fibroplasia. In intimal disease, progressive renal artery obstruction and ischemic
atrophy of the involved kidney may occur. Although intimal fibroplasia most commonly
affects the renal arteries, it may also occur as a generalized disorder with concomitant
involvement of the carotid, upper and lower extremities, and mesenteric vessels,

and may mimic a necrotizing vasculitis [7,8]. (Panel B from Begelman and Olin



FIGURE 4-5. Perimedial fibroplasia. Perimedial fibroplasia occurs predominantly in

15- to 30-year-old women. Of all fibrous lesions, 10% to 15% are perimedial fibroplasias.
These tightly stenotic lesions only occur in the renal artery and consist pathologically of a
collar of dense collagen enveloping the renal artery for variable lengths and thickness.
The collagen is deposited in the outer border of the media and usually replaces a consid-
erable portion of it; in some areas, collagen may completely replace the media. The arteri-
ogram of perimedial fibroplasia may give the appearance of arterial beading, but careful
observation shows that the “bead” does not exceed the caliber of the normal segment of
the vessel. This fact, along with the frequent occurrence of external collateral circulation,
differentiates this lesion angiographically from that of medial fibroplasia. (From Olin and
Novick [6]; with permission.)

7 - FIGURE 4-6. Less common causes of renal artery disease.
| LESS COMMON CAUSES OF RENAL ARTERY DISEASE

Renal artery aneurysm

Renal artery dissection

Atheromatous embolization

Thromboembolization

Large artery vasculitis (Takayasu’s arteritis or giant cell arteritis)

Arteriovenous malformation, fistula or trauma (e, radiation,
lithotripsy, direct injury, or surgery)

Neurofibromatosis
Retroperitoneal fibrosis
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PREVALENCE OF RENAL ARTERY DISEASE

PREVALENCE OF ATHEROSCLEROTIC RAS IN 395 CONSECUTIVE ARTERIOGRAMS

P R a1 e AR

= 50% STENOSIS

All patients

AAA (n=108) (%)
41 (38)

Diabetic 6 (50)
Nondiabetic 35 (36)

*P < 0.01 compared with other three groups.
tP < 0.02 compared with nondiabetic patients with PAD.

FIGURE 4-7. Prevalence of atherosclerotic renal artery stenosis
(RAS). Atherosclerotic RAS is common in patients with atheroscle-
rosis elsewhere in the body. The renal arteries were evaluated in
395 patients undergoing arteriography for various reasons.
Arteriography was performed in 108 patients while they were
investigated for the presence of an abdominal aortic aneurysm
(AAA); 21 patients underwent arteriography while being investi-
gated for aortoiliac occlusive disease (AOD); and 189 patients
underwent arteriography while they were investigated for periph-
eral arterial disease (PAD). None of the aforementioned groups
had clinical indications for the presence of renal artery disease.
One or more clues for the presence of renal artery disease were
found in 76 patients. Of those patients who had clues to suggest
renal artery disease (RAS group), 53 of 76 (70%) in fact did have
RAS. However, in the three groups of patients without clinical

AOD (n=21) (%)
7(33)
1(33)
6(33)

RAS (n=76) (%)
53 (70)*
10 (71)
43 (69)*

PAD (n = 189) (%)
74 (39)
34 (50)F
40 (33)

clues to suggest the presence of RAS, RAS was present in 33% to
39% of those patients. Renal artery stenosis was found in 50% of
the patients with diabetes mellitus in the PAD group [9].

Other studies have confirmed this very high prevalence of RAS
in patients with evidence of atherosclerosis elsewhere in the body
[10]. However, it should be noted that the mere presence of RAS
does not mean that the RAS is causing the hypertension. Dustan
et al. [11] showed that only 50% of the patients with significant
RAS had hypertension.

Renal artery stenosis is also associated with coronary artery
disease. Several studies have demonstrated that 14% to 30% of all
patients undergoing cardiac catheterization had greater than 50%
RAS. In the series by Harding et al. [12], of the 30% of patients
with RAS, only 15% had greater than 50% stenosis. Of these 15%,
11% had unilateral disease and 4% had bilateral disease [11].

FIGURE 4-8. Prevalence of bilateral renal

PREVALENCE OF BILATERAL RENAL ARTERY STENOSIS

R o S S T R P LTt T Al e s e o D Ll R S

STENOTIC ARTERIES, n BILATERAL, n (%)

artery stenosis (RAS). Six studies reported
on the prevalence of bilateral RAS. Of
319 patients, 44% had bilateral disease.

METHOD Patients with bilateral disease or disease to

159
109

105 (66)
67 (61)
14 (34)
67 (38)
14 (29)
52(24)

319 (44)

Holley et al. [13]
Wollenweber et al. [14]

Dean et al, [15] 41

Olin et al. [9] 175

Tollefson and Ernst [16] 48
192

724

Harding et al. [12]
Total

a solitary functioning kidney are at risk for
ischemic nephropathy, end-stage renal
disease, recurrent bouts of congestive
heart failure, or flash pulmonary edema

as the predominant presentation of RAS.
(Adapted from Rimmer and Gennari [17].)

Autopsy
Arteriogram
Arteriogram
Arteriogram
Arteriogram
Arteriogram
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FIGURE 4-9. Pathogenesis of hypertension in renovascular disease.
In 1934 Goldblatt et al. [18] first demonstrated that constriction of
the renal artery in a dog produced a sustained increase in blood
pressure. A, Example of the 2 kidney, 1 clip (2K, 1C) model of
renovascular hypertension. It is analogous to unilateral renal
artery stenosis (RAS). In the 2K, 1C model, decreased renal blood
flow stimulates the production of renin. Renin cleaves the proen-
zyme angiotensinogen to form angiotensin I, which, in the pres-
ence of angiotensin-converting enzyme (ACE), is converted to
angiotensin II (All). Angiotensin II has several important func-
tions: (1) it elevates blood pressure directly by causing systemic
vasoconstriction; (2) it stimulates aldosterone secretion, causing
sodium reabsorption, and potassium and hydrogen ion secretion
in the cortical collecting duct; and (3) it changes the intrarenal
hemodynamics, by decreasing glomerular capillary surface area
and redistributing intrarenal blood flow. The salt and water
retained due to excess aldosterone production is rapidly excreted
by the contralateral (normal kidney) by pressure natruresis. This
produces a cycle of renin-dependent hypertension. Administration
of an ACE inhibitor blocks the vicious cycle and returns the blood
pressure to normal early in the course of renovascular hyperten-
sion. There is decreased blood flow to the kidney with the clipped
(stenotic) artery, increased renin secretion from the ischemic
kidney, and suppressed renin secretion from the contralateral

kidney in the 2K, 1C model. This is the pathophysiologic mecha-
nism by which captopril decreases renal blood flow and
glomerular filtration rate on the ipsilateral side of an RAS when
a captopril-stimulated renal flow scan is performed.

B, Example of the 1 kidney, 1 clip (1K, 1C) model of renovascular
hypertension. It is analogous to either bilateral RAS or RAS to a
solitary functioning kidney. In the 1K, 1C model of renovascular
hypertension, there is a similar decrease in blood flow to the
affected kidney(s), acutely causing the secretion of renin and
synthesis of All and aldosterone. Angiotensin II directly elevates
blood pressure, and aldosterone causes salt and water retention.
However, in this model, there is not a normal kidney that
can sense the elevated blood pressure; therefore, no pressure
natriuresis occurs. The increased aldosterone causes sodium and
water retention and volume expansion. The expanded plasma
volume suppresses plasma renin activity, thus converting the
animal from renin-mediated hypertension to volume-mediated
hypertension. During this stage, administration of an ACE
inhibitor or AIl antagonist does not decrease blood pressure
or change renal blood flow. Dietary restriction of sodium or
administration of diuretics will convert the animal to a renin-
mediated form of hypertension, and the animal will then
become sensitive to an ACE inhibitor or an All antagonist.
(Adapted from Olin and Novick [6].)
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FIGURE 4-10. Critical perfusion pressure. Patients who develop bilateral RAS. A, Glomerular filtration rate (GFR) and effective
azotemia while receiving angiotensin-converting enzyme renal plasma flow (ERPF) decrease markedly as the blood pres-
inhibitors often have bilateral renal artery stenosis (RAS), RAS sure is lowered with sodium nitroprusside in a patient with bilat-
to a solitary kidney, or decompensated congestive heart failure eral RAS. The exact pressure necessary to perfuse a kidney with
in the sodium-depleted state [2]. RAS varies with the degree of stenosis and is different among
There are two mechanisms by which renal functional impair- different patients. B, Renal function impairment is reversible
ment may occur with the use of antihypertensive agents. following unilateral renal artery revascularization. Note that
The first may occur with any antihypertensive agent when a there is no longer a decline in GFR or ERPF when nitroprusside
critical perfusion pressure is reached below which the kidney no brings the blood pressure down to the previous critical level.

longer receives adequate perfusion. This has been shown by the (Adapted from Textor et al. [19].)
infusion of sodium nitroprusside in patients with high-grade
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Weight, kg 73.6 73.9 752 76.8

Serum creatinine, mg/dL 1.5 3.6 1.6 1.6

Inulin clearance, mL/min 73 37 62 53

PAH clearance, mL/min 339 238 420 386

FIGURE 4-11. Angiotensin-converting enzyme (ACE) inhibitor-
induced acute renal failure. The second mechanism of acute renal
failure is confined to patients receiving ACE inhibitors or
angiotensin-receptor blocking agents and may occur despite no
significant change in blood pressure. A, Schematic showing a
patient with renal artery stenosis (RAS) to a solitary functioning
kidney. Despite no change in the systemic blood pressure, there
was abrupt cessation of urine output (solid line) and loss of filtra-
tion (dotted line) after the initial dose of ACE inhibitor. Patients
with high-grade bilateral RAS or RAS to a solitary kidney may be
highly dependent on angiotensin II for glomerular filtration. This
is particularly common in patients who receive a combination of
ACE inhibitor and diuretic, or in patients who are placed on a
sodium-restricted diet. Under these circumstances, the constrictive
effect of angiotensin II on the efferent arteriole allows for the
maintenance of normal transglomerular capillary hydraulic pres-
sure, thus allowing glomerular filtration to remain normal in the
presence of markedly diminished blood flow (B). Glomerular

filtration is highly dependent on angiotensin II in this instance.
When an ACE inhibitor is administered, the efferent arteriolar
tone is no longer maintained and glomerular filtration is

therefore decreased. A similar situation occurs in patients with
decompensated congestive heart failure who are sodium depleted.
C, Hricik et al. [20] demonstrated the important role that sodium
balance plays in the azotemia associated with bilateral RAS or
RAS to a solitary functioning kidney. When an ACE inhibitor was
given alone, there was no change in renal function. However, if
the patient was sodium depleted and then an ACE inhibitor was
administered, the patient demonstrated a marked increase in the
serum creatinine, and a decrease in the glomerular filtration rate
and effective renal plasma flow. This was rapidly reversed with
restoration of plasma volume by the administration of intravenous
fluids. PAH—para-aminohippurate. (Panel A adapted from Textor

et al. [19]; panel B adapted from Olin and Novick [6]; panel C adapted
from Hricik et al. [20].)
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CLINICAL MANIFESTATIONS AND
DIAGNOSIS OF RENAL ARTERY DISEASE

CLINICAL CLUES TO THE DIAGNOSIS OF
RENOVASCULAR DISEASE

Onset of hypertension after age 55 years or before age 30 years

Exacerbation of previously well-controlled hypertension

Malignant hypertension

Resistant hypertension

Epigastric bruit (systolic and diastolic)

Unexplained azotemia

Azotemia while receiving ACE inhibitors or All receptor
blocking agents

Atrophic kidney or discrepancy in size between the kidneys

Atherosclerosis elsewhere

Flash pulmonary edema or recurrent congestive heart failure

FIGURE 4-12. Clinical clues to the diagnosis of renovascular
disease. In healthy patients, the systolic blood pressure increases
in an almost linear fashion as patients age. However, the diastolic
blood pressure rises until the approximate age of 55 years, and
then it begins to decline. Therefore, the onset of diastolic hyper-
tension after age 55 years should be a very strong clue for the
presence of atherosclerotic renal artery disease. Since most
patients with primary (essential) hypertension have an onset

of hypertension between ages 30 and 55 years, patients below
age 30 years with high blood pressure (fibromuscular dysplasia)
or above age 55 years (atherosclerosis) should be investigated for
the presence of renal artery stenosis or another secondary cause of
hypertension, especially if blood pressure cannot be adequately
controlled with medical therapy. ACE—angiotensin-converting
enzyme; All—angiotensin IL.

FIGURE 4-13. Atrophic kidney. A, If a
kidney is atrophic or there is a difference in
kidney size, the smaller kidney usually has
a severe stenosis or occlusion of the renal
artery supplying that kidney. However,
more importantly, the contralateral
(normal size kidney) renal artery is
stenotic approximately 60% of the time.
Therefore, discovery of a small kidney
demands a thorough investigation for the
presence of renal artery stenosis (RAS).
Kidney sizes can be measured by an
imaging procedure performed for some
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DIAGNOSTIC STUDIES TO EVALUATE FOR THE
PRESENCE OF RENAL ARTERY STENOSIS

USEFUL
Renal scintigraphy with captopril
Renal artery duplex

CT angiography

MR angiography

Intravascular ultrasound

CO, angiography

Angiography

NOT USEFUL
Renal scintigraphy alone
Intravenous urogram
Plasma renin activity
Captopril test

Renal vein renin sampling

other reason. B, Nephrogram of both
kidneys. The right kidney measured 9.9 cm
while the left measured 14.2 cm. This
should lead the clinician to suspect
strongly the presence of RAS. However,
the absence of a small kidney does not
exclude RAS [21-23].

FIGURE 4-14. Diagnostic studies to evaluate for the presence of
renal artery stenosis (RAS). The sensitivity and specificity of the
tests on the right are too low to be of any value. Intravascular
ultrasound, CO, angiography, and digital angiography are rarely
used as the initial screening test for the diagnosis of RAS. Which
test is used as an initial screening test depends in part on the
“local” expertise available. Routine use of CT angiography is not
recommended because it requires the intravenous admisistration
of a bolus of contrast, a risk for a patient with azotemia. However,
with rapid advances in CT technology using multiplanar

CT scanners, this may change in the next few years.
MR—magnetic resonance.
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