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3. RENAL ARTERIAL DISEASE

3.1. Prevalence and Natural History

Renal artery stenosis (RAS) is both a common and a pro-
gressive disease in patients with atherosclerosis and is a rel-
atively uncommon cause of hypertension (612-614).
Although excellent prevalence data have been obtained in
selected high-risk populations (e.g., patients with clinically
evident coronary artery disease or PAD) (615-619), few stud-
ies have adequately assessed the prevalence of RAS in the
general population (620). Hansen and associates studied
prevalence by performing renal artery duplex ultrasound in
individuals 65 years and older as part of their cardiovascular
health study to determine the population-based prevalence of
renovascular disease. Of 834 participants undergoing renal
artery duplex ultrasound, the overall prevalence rate of sig-
nificant renovascular disease was 6.8%. Renal artery disease
was present in 5.5% of women, 9.1% of men, 6.9% of white
participants, and 6.7% of black participants (620). 

Renal artery stenosis is particularly notable in certain high-
risk populations. Renal arterial disease has been documented
to be present in 30% of patients undergoing screening renal
artery angiography at the time of cardiac catheterization. In
these cohorts, significant obstructive renal artery stenoses
(i.e., greater than 50%) have been reported in 11% to 18% of
patients (621-623). Prevalence studies have also demonstrat-
ed significant RAS in 22% to 59% of patients with PAD
(616-619,624-630). In one necropsy study, RAS greater than
50% was found in 53% of 295 unselected, consecutive exam-
inations (631). This high prevalence increased to 74% when
a subpopulation of individuals 70 years and older was evalu-
ated postmortem. A second autopsy series evaluated 297
patients with proven MI to document atherosclerotic RAS of
greater than 75% in 12% (615). Bilateral RAS involvement
is common. In 6 different studies, bilateral RAS was found in
44% of 319 patients (632). Overall, these data suggest that if
1 or more clinical clues to the presence of RAS are present,
significant RAS can be found in up to 70% of such targeted
populations (625). Despite the high prevalence of RAS in
these atherosclerotic subgroups, it remains controversial as
to which lesions are associated with important clinical seque-
lae.

Atherosclerotic RAS is a progressive disease. In 4 retro-
spective studies comprising 202 patients followed up for 12
to 60 months, temporal progression of the degree of stenosis
occurred in 36% to 71% of patients, and renal artery occlu-
sion occurred in 16% (633-636). Progression to occlusion is
more common in renal arteries with more severe stenoses.
When the RAS was greater than 75% at the time of diagno-
sis, occlusion occurred in 39% of cases over a 12- to 60-
month follow-up period (635). 

Several prospective natural history studies have described
the progression of RAS. In a series published by Dean and
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to renal replacement therapies. Dialysis-free survival
(patients alive and free of dialysis) is inversely correlated
with the severity of renal ischemia. In one study, 2-year dial-
ysis-free survival was 97.3% for patients with unilateral RAS
and 82.4% for patients with bilateral RAS but only 44.7% in
patients with renovascular disease in a solitary (single) func-
tioning kidney (641). 

Patients with atherosclerotic RAS who progress to ESRD
and require dialysis have high mortality rates. In one study,
the mean life expectancy of individuals older than 65 with
RAS who had ESRD was only 2.7 years (644). The median
survival for ESRD patients with renovascular disease was 25
months, compared with 55 months for patients with ESRD
due to malignant hypertension and 133 months for patients
with ESRD due to polycystic kidney disease (645). This is
suspected to be due to the systemic atherosclerotic burden
and higher rates of cardiovascular ischemic events in those
individuals with atherosclerotic RAS. Two-, 5-, and 10-year
survival rates were 56%, 18%, and 5%, respectively, in indi-
viduals with atherosclerotic RAS. Prospective, randomized,
controlled trials will be required to determine whether the
early diagnosis of RAS will provide an opportunity for the
prevention of ESRD and identify individuals at high cardio-
vascular risk.

The presence and severity of RAS, even before the devel-
opment of ESRD, imparts a poorer prognosis. In a series of
almost 4000 patients undergoing screening for RAS at the
time of cardiac catheterization, the 4-year survival rates for
patients with and without RAS were 57% and 89%, respec-
tively (p less than 0.001) (644). The 4-year survival rates for
individuals with RAS of 50%, 75%, and greater than 95%
were 70%, 68%, and 48%, respectively. Bilateral RAS was
associated with a 47% 4-year survival compared with 59%
for unilateral RAS (p less than 0.001). In the multivariate
analysis, the presence of RAS conferred a hazard ratio of
2.01 (95% CI 1.51 to 2.67, p less than 0.001) regardless of
the treatment of the underlying coronary artery disease (644). 
Finally, the severity of renal function impairment has been
associated with reduced survival in patients with RAS (646).
In patients with serum creatinine levels less than 1.4 mg per
dL, 3-year survival was 92% plus or minus 4%. For serum
creatinine levels between 1.5 and 1.9 mg per dL, 3-year sur-
vival was 74% plus or minus 8%, and for creatinine greater
than or equal to 2.0 mg per dL, it was only 51% plus or
minus 8%. The relationship between the increase in serum
creatinine and mortality is complex and multifactorial. Not
only do the severity of RAS and the severity of systemic ath-
erosclerosis serve as contributors to mortality, but the degree
of proteinuria, parenchymal renal disease, and other comor-
bidities (such as diabetes mellitus) play an important role
(12,647).

3.2. Clinical Clues to the Diagnosis of RAS

RECOMMENDATIONS 

Class I
1. The performance of diagnostic studies to identify clin-

ically significant RAS is indicated in patients with the

coworkers, RAS progressed in 29% (10 of 35) of patients
and resulted in total occlusion in 11% of patients during a
mean follow-up of 28 months (range 6 to 102 months) (637).
Over a 3-year period, Zierler and associates found that 48%
of patients had progression of RAS from less than 60% to
greater than or equal to 60% stenosis (638). The renal arter-
ies that progressed to occlusion were each characterized by a
stenosis greater than or equal to 60% at baseline (study
entry). Progression of RAS occurred at an average rate of
approximately 7% per year. Using sonography, Caps et al.
monitored 295 kidneys in 170 patients for a mean of 33
months (639). Disease progression, based on sonographic
determination, was 35% at 3 years and 51% at 5 years. Nine
renal artery occlusions (3%) occurred over the course of the
study. All occlusions developed in patients with greater than
60% stenosis in the study that preceded the occlusion.
Occlusion occurred most often in patients with diabetes,
high-grade stenoses, and severe hypertension (639).

3.1.1. Clinical End Points of 
Renal Artery Disease

The exact contribution of atherosclerotic renal arterial dis-
ease to the development of end-stage renal disease (ESRD)
is not well-defined by current data. It is unclear how many
patients enter dialysis secondary to RAS. Mailloux and col-
leagues reviewed the causes of ESRD in 683 patients entered
into their dialysis program over a 20-year period (640).
Eighty-three patients (12%) had documented RAS as a cause
of ESRD. Because these investigators only performed arteri-
ography in patients in whom RAS was highly suspected, it is
possible that the true incidence was underestimated.
Although the degree of global atherosclerotic risk factor con-
trol was variable in these studies, these data demonstrate that
the atherosclerotic process remains dynamic and progressive
in many individuals. The clinical significance of isolated
anatomic progression without clinical clues or indications for
intervention is still unclear.

Renal atrophy is a consequence of RAS and is associated
with lesion severity and lesion progression (641,642).
Several studies have documented worsening clinical out-
comes (i.e., deterioration of renal function, loss of renal
mass, and lower survival rates) in patients with progressive
RAS (637,641,643). One prospective study evaluated renal
function in 41 patients with atherosclerotic RAS treated with
medical therapy (637). At a mean follow-up of 28 months
(range 6 to 102 months), 19 patients (46%) had increased
serum creatinine, 12 (29%) had a 25% to 50% decline in
glomerular filtration rates, and 14 (37%) had a decrease in
kidney size by more than 10% (637). Investigators at Duke
University demonstrated progression of RAS in patients
undergoing 2 sequential cardiac catheterizations separated
by 2.6 plus or minus 1.6 years (643). They observed an over-
all rate of RAS progression of 11.1% and a significant
decline in renal function in those patients who had lesion
progression. 

Amongst the most clinically relevant end points for indi-
viduals with chronic renal disease is the rate of progression



onset of hypertension before the age of 30 years. (Level
of Evidence: B)

2. The performance of diagnostic studies to identify clin-
ically significant RAS is indicated in patients with the
onset of severe hypertension [as defined in The Sev-
enth Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure: the JNC-7 report (294)] after
the age of 55 years. (Level of Evidence: B)

3. The performance of diagnostic studies to identify clin-
ically significant RAS is indicated in patients with the
following characteristics: (a) accelerated hypertension
(sudden and persistent worsening of previously con-
trolled hypertension); (b) resistant hypertension
(defined as the failure to achieve goal blood pressure
in patients who are adhering to full doses of an appro-
priate 3-drug regimen that includes a diuretic); or (c)
malignant hypertension (hypertension with coexistent
evidence of acute end-organ damage, i.e., acute renal
failure, acutely decompensated congestive heart fail-
ure, new visual or neurological disturbance, and/or
advanced [grade III to IV] retinopathy). (Level of
Evidence: C)

4. The performance of diagnostic studies to identify clin-
ically significant RAS is indicated in patients with new
azotemia or worsening renal function after the admin-
istration of an ACE inhibitor or an angiotensin recep-
tor blocking agent (see text). (Level of Evidence: B)

5. The performance of diagnostic studies to identify clin-
ically significant RAS is indicated in patients with an
unexplained atrophic kidney or a discrepancy in size
between the 2 kidneys of greater than 1.5 cm. (Level of
Evidence: B)

6. The performance of diagnostic studies to identify clin-
ically significant RAS is indicated in patients with
sudden, unexplained pulmonary edema (especially in
azotemic patients). (Level of Evidence: B)

Class IIa
The performance of diagnostic studies to identify clin-
ically significant RAS is reasonable in patients with
unexplained renal failure, including individuals start-
ing renal replacement therapy (dialysis or renal trans-
plantation). (Level of Evidence: B)

Class IIb
1. The performance of arteriography to identify signifi-

cant RAS may be reasonable in patients with multi-
vessel coronary artery disease and none of the clinical
clues (Figure 17) or PAD at the time of arteriography.
(Level of Evidence: B)

2. The performance of diagnostic studies to identify clin-
ically significant RAS may be reasonable in patients
with unexplained congestive heart failure or refracto-
ry angina (see Section 3.5.2.4). (Level of Evidence: C)
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Several clinical features raise the suspicion of RAS and
provide relative indications for application of more specific
diagnostic testing strategies. One such indication is the pres-
ence of an atrophic kidney (7 to 8 cm) or discrepancy in renal
sizes (648). In such cases, the atrophy should be otherwise
unexplained by a prior history of pyelonephritis, reflux
nephropathy, trauma, and so on. When such a history is pres-
ent, there is usually not an indication for additional renal
diagnostic tests to define RAS. These clinical indications are
outlined in Figure 17.

3.3. Pathophysiology and Disease Categories

The pathophysiology that results from RAS is mediated by
the degree of renal blood flow impairment. In the acute
phase, unilateral RAS causes a renin-mediated (vasocon-
striction) form of hypertension, although renin increases may
be moderated in the chronic phase of renal hypertension. In
contrast, the effects of bilateral renal artery stenoses or steno-
sis to a solitary kidney are predominantly due to an increase
in extracellular fluid volume. Exceptions to this include
longstanding unilateral RAS and contralateral renal dysfunc-
tion (e.g., due to hypertensive nephrosclerosis or hyperfiltra-
tion injury) wherein the physiology mimics that of a patient
with a single functioning kidney or those with bilateral dis-
ease. Inasmuch as renal blood flow and filtration rate are
maintained, in part, by angiotensin II-induced efferent arteri-
olar vasoconstriction, agents that cause efferent arteriolar
dilation, such as ACE inhibitors or angiotensin II receptor
blockers, can cause acute renal failure. They do so by
decreasing transglomerular hydrostatic pressure and thus
glomerular filtration rate. In addition, because the glomeru-
lar filtration rate falls but renal blood flow changes very lit-
tle, the filtration fraction decreases. Under these circum-
stances, blood is shunted from the afferent arteriole to the
efferent arteriole because there is not an adequate hydrostat-
ic pressure to maintain filtration. Thus, use of ACE inhibitors
or angiotensin receptor-blocking medications in patients
with bilateral RAS, stenosis to a solitary kidney, or decom-
pensated congestive heart failure in a sodium-depleted state
can result in acute renal failure (649-652). This pathophysi-
ology underlies both the caution required in the therapeutic
use of angiotensin-pathway antagonists in patients with RAS
and the diagnostic clue to RAS provided when severe
hypotension or azotemia is provoked by use of these classes
of medications. It should be noted that short-term changes in
renal function are often multifactorial, and that clinicians
have differing thresholds for defining significant new
azotemia. Clinically significant azotemia has been defined as
a greater than 50% rise in serum creatinine that persists or
worsens after hypoperfusion states are corrected (e.g., vol-
ume depletion, nonsteroidal anti-inflammatory drug use,
heart failure) (652a).

3.3.1. Atherosclerosis

Approximately 90% of all renovascular stenotic lesions are
due to atherosclerosis (653). Although isolated atherosclerot-
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tal two thirds of the main renal artery and may involve renal
artery branches. 

Medial fibroplasia is the histological finding in nearly 80%
to 85% of all cases of FMD. This form of FMD tends to
occur in 25- to 50-year-old women and often involves both
renal arteries. It has a characteristic angiographic “string of
beads” appearance (Table 28). The “bead” diameter is typi-
cally larger than the adjacent, less-affected artery. Bilateral
disease occurs in 60% of patients, including 10% to 15% in
whom the lesions are functionally important and warrant
treatment. In 25% of patients, the disease extends into the
segmental arteries. Intimal fibroplasia is, by comparison, rel-
atively rare. Its stenosis appears as a thin, discrete web.
Perimedial dysplasia often affects women a decade older
than those with medial fibrodysplasia. Segmental perimedial
dysplasia is uncommon (658-660).

Fibromuscular dysplasia also affects other arteries, includ-
ing the carotid and vertebral arteries, and less commonly, the

ic RAS may be found, it is more commonly a manifestation
of systemic atherosclerosis that involves the aorta, coronary,
cerebral, and peripheral arteries. Atherosclerotic RAS most
often affects the aorto-ostial segment, including the proximal
1 cm of the main renal artery, that is, an intrinsic renal plaque
extending to and contiguous with the aorta. 

3.3.2. Fibromuscular Dysplasia

Fibromuscular dysplasia (FMD) is a nonatherosclerotic, non-
inflammatory disease that most commonly affects the renal
arteries and is the second most common cause of RAS
(11,654-657). The most common clinical presentation is that
of hypertension in a young woman, although FMD can occur
in both genders at any age. Whereas atherosclerotic lesions
usually involve the origin and proximal portion of the renal
arteries, FMD characteristically involves the middle and dis-

Figure 17. Clinical clues to the diagnosis of renal artery stenosis (RAS). *For definition of hypertension, please see Chobanian AV,
Bakris GL, Black HR, et al. The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure: the JNC-7 report. JAMA 2003;289:2560-72 (294). †For example, atrophic kidney due to chronic pyelonephri-
tis is not an indication for RAS evaluation. ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocking agent;
CT, computed tomography; LOE, level of evidence; MRA, magnetic resonance angiography.
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iliac and mesenteric arteries. There appears to be an associa-
tion between carotid and vertebral FMD and intracranial
aneurysmal disease, with prevalence as high as 51%
(661,662). However, the prevalence of cerebral aneurysms
may be falsely elevated because of selection bias. When
patients who presented with subarachnoid hemorrhage were
excluded from the prevalence estimates, the prevalence of
incidental, asymptomatic cerebral aneurysms in patients with
internal carotid or vertebral artery FMD was 7.3% in one
contemporary series (662).

Magnetic resonance angiography of the head should be
performed in all patients with cervicocranial FMD. The
prevalence of FMD in nonreferral populations is poorly elu-
cidated, and thus, the relative efficacy of screening for FMD
in nonrenal arterial beds, in the presence of renal FMD, is
beyond the scope of this guideline (661,662).

3.3.3. Other Causes of Renal Artery Disease

Renovascular hypertension may also be caused by renal
artery aneurysms. Renal artery aneurysms may require surgi-
cal or endovascular treatment to obviate risk of rupture or to
diminish their contribution to a renin-mediated form of
hypertension. Aneurysm rupture is of greatest concern with
noncalcified aneurysms larger than 2 cm in diameter, partic-
ularly in premenopausal women because of the increased
risk of aneurysm rupture during pregnancy (663,664).

The other causes of renovascular disease are myriad (663-
673) and include Takayasu’s arteritis (671-673), atheroem-
boli, thromboemboli, William’s syndrome (669,671), neu-

rofibromatosis (670,671), spontaneous renal artery dissec-
tion, arteriovenous malformations or fistulas, trauma (e.g.,
lithotripsy, direct injury, or surgery), and prior abdominal
radiation therapy (665-668). Rarely, retroperitoneal fibrosis
producing external compression has also been associated
with RAS.

3.4. Diagnostic Methods

RECOMMENDATIONS

Class I
1. Duplex ultrasonography is recommended as a screen-

ing test to establish the diagnosis of RAS. (Level of
Evidence: B)

2. Computed tomographic angiography (in individuals
with normal renal function) is recommended as a
screening test to establish the diagnosis of RAS. (Level
of Evidence: B)

3. Magnetic resonance angiography is recommended as
a screening test to establish the diagnosis of RAS.
(Level of Evidence: B)

4. When the clinical index of suspicion is high and the
results of noninvasive tests are inconclusive, catheter
angiography is recommended as a diagnostic test to
establish the diagnosis of RAS. (Level of Evidence: B)

Class III
1. Captopril renal scintigraphy is not recommended as a

screening test to establish the diagnosis of RAS. (Level
of Evidence: C)

Table 28. Classification of Fibromuscular Dysplasia

Classification Frequency Pathology Angiographic Appearance

Medial dysplasia
Medial fibroplasia 80% Alternating areas of thinned  “String of beads” appearance in which diameter 

media and thickened fibromuscular of "beading" is larger than diameter of artery
ridges containing collagen; 
internal elastic membrane 
may be lost in some areas

Perimedial fibroplasia 10% to Extensive collagen deposition “Beading” in which “beads” are smaller than
15% in outer half of media diameter of artery

Medial hyperplasia 1% to True smooth muscle cell hyper- Concentric smooth stenosis (similar to
2% plasia without fibrosis intimal disease)

Intimal fibroplasia Less Circumferential or eccentric Concentric focal band; long, smooth narrowing
than deposition of collagen in the 
10% intima; no lipid or inflammatory 

component; internal elastic 
lamina fragmented or duplicated

Adventitial (periarterial) Less Dense collagen replaces fibrous tissue So rare that classic angiographic findings 
fibroplasia than of adventitia and may extend into are not known

1% surrounding tissue

Reprinted with permission from Begelman SM, Olin JW. Fibromuscular dysplasia. Curr Opin Rheumatol 2000;12:41-7 (11).
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ficity in patients with serum creatinine of 1.5 mg per dL
(678). 

When captopril renography was compared with catheter
angiography in a clinical practice setting, the sensitivity was
only 74%, and the specificity was only 59% (686). Thus,
captopril renography may not be a very useful test for screen-
ing most patients for RAS but may retain some value in the
assessment of renal artery stenoses of borderline angio-
graphic severity for which the physiological functional sig-
nificance is unclear.

3.4.2. Duplex Ultrasound

Duplex (Doppler with B-mode) ultrasound, compared with
angiography, has a sensitivity of 84% to 98% and a speci-
ficity of 62% to 99% for detecting RAS (687-693). An end-
diastolic velocity of more than 150 cm per second predicts
severe (greater than 80%) RAS (694). Other criteria used
include direct peak systolic velocity greater than 18 to 200
cm per second, renal to aortic ratio greater than 3.5, rise time
greater than 0.07 seconds, acceleration index less than 300
cm per second, and difference in renal or segmental resistive
index greater than 0.15. These criteria have correlated with a
stenosis exceeding 60% in most published series. Renal
artery duplex ultrasonography is an excellent test to monitor
renal artery patency after endovascular treatment or surgical
revascularization of RAS (695,696). Unlike MRA, in which
most stents currently cause artifacts, ultrasound transmission
through a stent is not a problem. Limitations of renal artery
duplex ultrasonography include its absolute dependence on
operator skill, the diminished ability to visualize accessory
renal arteries, and the difficulty or inability to image obese
patients or patients with intervening bowel gas (696).

Renal artery duplex ultrasonography may be used to meas-
ure the renal artery resistive index (RRI). An increased RRI
suggests structural abnormalities in the small blood vessels
of the kidney. Such small-vessel disease has been document-
ed in the context of longstanding hypertension associated
with nephrosclerosis or glomerulosclerosis (697). There have
been conflicting reports regarding the usefulness of RRI to
predict individual patient response to revascularization. A
retrospective study has demonstrated that an elevated resist-
ance index greater than 0.80 predicted a lack of improvement
in blood pressure and renal function after revascularization
(698). A limitation of that study was its retrospective design,
lack of prespecified end points, and inclusion of a large
majority of patients who received balloon angioplasty as
their method of treatment. Renal angioplasty without stent
placement is now generally recognized as a less optimal
method of renal revascularization (699-701), and thus, the
outcomes in response to renal revascularization therapy may
have been underestimated in that report. 

A prospective study of renal stent placement in 241 patients
demonstrated that patients with an elevated RRI did have a
favorable blood pressure response to intervention (702).
Furthermore, serum creatinine improved 15% to 23% in
patients with mild to moderate (RRI 0.7 to 0.8) and severe

2. Selective renal vein renin measurements are not rec-
ommended as a useful screening test to establish the
diagnosis of RAS. (Level of Evidence: B)

3. Plasma renin activity is not recommended as a useful
screening test to establish the diagnosis of RAS. (Level
of Evidence: B)

4. The captopril test (measurement of plasma renin
activity after captopril administration) is not recom-
mended as a useful screening test to establish the diag-
nosis of RAS. (Level of Evidence: B)

Renal artery stenosis is best diagnosed with an imaging
modality. The ideal tool should evaluate both the main and
accessory renal arteries, assess the hemodynamic signifi-
cance of the demonstrated lesions, identify the site and sever-
ity of the stenosis, and identify associated perirenal patholo-
gy, including the presence of an AAA or renal or adrenal
masses. Direct imaging modalities such as duplex ultra-
sound, CTA, and MRA are best suited to serve as effective
diagnostic screening methods. The choice of imaging proce-
dure will depend on the availability of the diagnostic tool, the
experience and local accuracy of the chosen modality, and
patient characteristics (e.g., body size, renal function, con-
trast allergy, and presence of prior stents or metallic objects
that may serve as contraindications to MRA or CTA tech-
niques).

3.4.1. Renal Scintigraphy

Captopril renography yields both scintigraphic images and
computer-generated time-activity curves to provide informa-
tion about renal size, perfusion, and excretory capacity.
Typical methods to perform this examination include the oral
administration of captopril 50 mg taken 60 minutes before
performance of renal scintigraphic imaging with technetium-
99m mercaptoacetyltriglycine or technetium-99m diethylen-
etriaminepentaacetic acid. The diagnostic criteria for RAS
are (a) delayed time to maximal activity (TMax greater than
or equal to 11 minutes after captopril administration), (b) sig-
nificant asymmetry of peak activity of each kidney, (c)
marked cortical retention of the radionuclide after captopril
administration, and (d) marked reduction in calculated
glomerular filtration rate of the ipsilateral kidney after ACE
inhibition (674). The accuracy of captopril renography in
identifying patients with renovascular disease has been vari-
able, with reported sensitivities of approximately 85% (range
45% to 94%) and specificities of approximately 93% (range
81% to 100%) (674-685). 

In patients with azotemia, bilateral RAS, or RAS of a soli-
tary functioning kidney, the sensitivity and specificity of cap-
topril renography is poor. Many investigators have excluded
from captopril testing those patients with a serum creatinine
value that exceeds 2.5 to 3.0 mg per dL. In patients with a
serum creatinine greater than or equal to 1.5 mg per dL and
less than or equal to 3.0 mg per dL, Fommei et al. reported a
reduction in the positive predictive value from 88% to 57%,
whereas there was a minimum reduction in sensitivity/speci-
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Summary of Noninvasive Renal Artery 
Diagnostic Imaging Strategies

There are relative advantages and disadvantages to each of
the aforementioned imaging modalities. Captopril renogra-
phy has been validated in a large number of patients but is
limited in value to a subset of all potential renovascular
patients, and it is of limited value in patients with significant
azotemia, bilateral RAS, or RAS to a single functioning kid-
ney. Duplex renal sonography, because of the critical role of
the sonographer, is accurate in experienced laboratories and
is thus ideally performed in high-volume accredited labora-
tories. The diagnostic accuracy of these ultrasound-based
examinations is further limited in patients with large body
habitus or intestinal gas obscuring visualization of the entire-
ty of the renal artery. Computed tomographic angiography
currently provides higher spatial resolution than MRA and
may be more readily available; however, the requirement to
use iodinated contrast makes it an unattractive modality in
patients with impaired renal function. Gadolinium-enhanced
MRA provides excellent and less-nephrotoxic characteriza-
tion of the renal arteries, surrounding vessels, renal mass,
and perhaps renal function, but it remains the most costly
renal artery examination. It is far less useful in patients who
have had a metallic renal artery stent placed because of the
inability to image inside of the stent to detect restenosis.
Comparisons of contrast-enhanced 3D MRA and multidetec-
tor CTA with digital subtraction catheter angiography in a
large number of arterial segments have demonstrated equal-
ly high sensitivities for detection of hemodynamically sig-
nificant stenoses for MRA and computed tomography
(greater than 90%), with excellent interobserver and inter-
modality agreement (kappa equals 0.88 to 0.90) (241).

3.4.5. Catheter Angiography

Renal catheter-based contrast arteriography, the longstanding
“gold standard” for the diagnosis of RAS, has been largely
replaced as a practical first-line modality by the previously
described noninvasive imaging studies. The indications for
catheter-based contrast renal angiography include (a) indi-
viduals in whom there are prespecified indications to suspect
clinically important RAS (“clinical clues”) in whom defini-
tive diagnostic noninvasive images cannot be obtained and
(b) individuals in whom these prespecified clinical indica-
tions and patient consent have been documented and in
whom concomitant angiographic access has been obtained
for peripheral angiography or coronary angiography. 

Catheter-based contrast angiography is associated with a
low rate of serious adverse outcomes in individuals with nor-
mal renal function. These include contrast-induced acute
renal failure, contrast-related allergic reactions, atheroma-
tous renal and distal (lower extremity) embolization, and
access-related complications such as pseudoaneurysm, arte-
riovenous fistula, bleeding, and hematoma. However, the
risk of contrast-induced acute renal failure is magnified in
certain clinical groups, particularly those with diabetes and

(RRI greater than 0.80) nephrosclerosis, respectively.
Notably, only 18% of those with severe nephrosclerosis had
serum creatinines greater than 2.5 mg per dL. Resistive
indices may prove useful in identifying severe parenchymal
disease, which might limit the value of renal revasculariza-
tion. The database regarding the predictors of a beneficial
clinical outcome to renal revascularization remains incom-
plete and will require future prospective randomized, con-
trolled trials.

3.4.3. Computed Tomographic Angiography 

Computed tomographic angiography produces excellent 3D
images of the aorta and renal arteries. Computed tomograph-
ic angiography has a sensitivity and specificity for detecting
significant RAS of 59% to 96% and 82% to 99%, respec-
tively, compared with catheter-based contrast angiography
(703-709). Current multidetector-row scanners acquire up to
16 simultaneous interweaving helices; 32- and 64-row and
flat-panel scanners are in development. With current CTA
techniques, sensitivity for detecting renal artery stenoses
reached 91% and 92% (readers 1 and 2), and the specificity
was 99% for both readers (241). Computed tomographic
angiography is capable of providing high-resolution nonin-
vasive detection of RAS while supplying associated 3D
angiographic images of the aorta, renal, and visceral arteries.
Computed tomographic angiography requires the administra-
tion of 100 to 150 cc of iodinated contrast and therefore is
not an ideal screening method for patients with renal insuffi-
ciency because of the risk of inducing contrast nephropathy.
However, as computed tomography scanner technology
advances, particularly with regard to the development of
scanners with increasing numbers of conventional and newer
flat-panel detectors, spatial resolution will improve, scanning
time will decrease, and the administered contrast load may
be reduced. One advantage of CTA over the MRA technique
is that metal stents may be imaged with CTA and in-stent
restenosis detected.

3.4.4. Magnetic Resonance Angiography

Contrast-enhanced MRA is performed with gadolinium, a
less-nephrotoxic contrast agent, to obtain visualization of the
renal arteries and abdominal vasculature (710-716).
Comparisons with catheter-based contrast angiography have
indicated a range of sensitivities from 90% to 100% and
specificities of 76% to 94% for detection of RAS. Many ear-
lier flow-related artifacts are avoided almost entirely with the
use of gadolinium as a contrast agent. Magnetic resonance
angiography may be less effective in the assessment of
patients with more subtle beading and changes of FMD
because of current resolution limits balanced against the size
of the distal renal artery and its branches. Occasionally, bead-
ing artifacts may appear when none exist (on angiography).
However, as improvements in acquisition speed, pulse
sequences, scanner technologies, and novel contrast formu-
lations continue to evolve, many of these technical limita-
tions may be overcome (717).
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chronic kidney disease. In general, the incidence of contrast-
induced acute renal failure is less than 3% in patients with
neither diabetes nor chronic kidney disease; 5% to 10% in
those with diabetes; 10% to 20% in those with chronic kid-
ney disease (and greater with more advanced stages), and
20% to 50% in those with both diabetes and chronic kidney
disease (717a,717b).

Iodinated contrast-related acute renal failure can be miti-
gated with fluids (i.e., avoiding dehydration, using preproce-
dure intravenous fluids to stimulate urine output) and the use
of alternative imaging agents such as carbon dioxide or
gadolinium. One randomized trial in diabetic patients with
elevated serum creatinine (1.5 to 3.5 mg per dL) levels
demonstrated that iodixanol, an iso-osmolar nonionic con-
trast agent, was associated with significantly fewer nephro-
toxic effects than iohexol, a low-osmolar nonionic contrast
agent (276). Renal protection has also been demonstrated
with the use of oral acetylcysteine (600 mg 2 times per day)
in a randomized, controlled trial of patients with chronic
renal impairment (serum creatinine greater than 1.2 mg per
dL or creatinine clearance less than 60 mL per min) under-
going coronary angiography (278). Additionally, hemofiltra-
tion performed both before and after coronary intervention in
patients with chronic renal failure has been reported to mate-
rially reduce the incidence of deterioration in renal function
in this patient population (281). 

Given the high prevalence of RAS in individuals with coro-
nary artery disease (621,718,719) and peripheral vascular
disease (619,624-630) that warrant catheter angiography, the
use of screening flush aortography (not selective renal
angiography) at the time of coronary and peripheral vascular
angiography has been proposed. Such studies may be appro-
priate (by operators skilled in the performance and evalua-
tion of RAS using flush aortography) when individuals who
will be undergoing coronary or limb angiography have clin-
ical indicators for significant renal arterial occlusive disease.
The performance of renal angiography in these individuals,
in whom arterial catheterization of the aorta has been per-
formed, provides anatomic access to the renal arteries with
relatively low incremental risk (720). To date, studies have
not demonstrated a measurable incremental risk to the use of
nonselective renal angiography in conjunction with coronary
angiography or peripheral vascular arteriography in individ-
uals in whom indications for these procedures exist.
Controlled studies demonstrating the benefit of identifying
these lesions need to be performed.

3.4.6. Renin

3.4.6.1. Selective Renal Vein Renin Studies

Renal vein renin measurements are now performed very
infrequently because of their limited clinical utility and need
for invasive catheterization. The utility of the examination
depends on the ability to differentiate the unilateral elevation
of renin concentration from the renal vein that drains the kid-
ney with renal artery disease from the systemic plasma renin
levels and/or renal vein renin levels collected from the con-

tralateral (normal) kidney. The test is performed with direct
catheterization and collection of blood samples from within
each renal vein and from the inferior vena cava cephalad and
caudal to the renal veins at baseline. The test is typically
repeated after stimulation of renin release by administration
of either oral captopril or furosemide. To maximize the accu-
racy of this plasma biochemical marker of renal hypoperfu-
sion, all medications that can affect renal renin secretion
must be stopped, including all antihypertensive drugs, diuret-
ics, and nonsteroidal anti-inflammatory drugs, for at least 2
weeks. In addition, the patient should be kept on a dietary
sodium intake of 100 to 200 mmol per day. If it is considered
unsafe to stop all antihypertensive agents, a calcium-channel
blocker or alpha-1 adrenergic blocker can be used (721). 

One study by Hughes et al. showed that if there was later-
alization of the renal vein renin ratio of more than 1.4:1 and
a duration of hypertension less than 5 years, the cure rate of
hypertension after revascularization was 95% (722).
Nevertheless, renal vein renin measurements have been
largely supplanted by the aforementioned noninvasive imag-
ing modalities. Renal vein renin measurements may have
more utility in establishing an indication for nephrectomy in
patients with renal artery occlusion than in identifying
patients with RAS who may derive benefit from revascular-
ization (721); for pediatric patients with questionably severe
RAS before revascularization; or for patients with very
marked aortoiliac-renal atherosclerosis, in whom revascular-
ization could carry unusually high risk.

3.4.6.2. Plasma Renin Activity: Captopril Test

This study is performed as follows: after a baseline plasma
renin level is obtained, 50 mg of captopril is given orally, and
a second plasma renin level is obtained 60 minutes later. The
overall sensitivity of this test is 61%, with a specificity of
86% for the detection of renal artery disease. However, this
test is less accurate in patients who are volume expanded or
who have chronic renal failure, bilateral renal artery disease,
or disease to a solitary functioning kidney. In addition, the
same principles regarding medication withdrawal apply to
this test as with renal vein renin measurement. In one large
study involving 540 patients, the false-negative rate for ele-
vation of the plasma renin activity was 43% and the false-
positive rate was 34% (723). Elevated plasma renin activity
may be present in approximately 15% of patients with essen-
tial hypertension. Plasma renin activity is not recommended
as a useful screening test to establish the diagnosis of RAS.

3.5. Treatment of Renovascular Disease: 
Renal Artery Stenosis

Treatment of renal arterial disease should serve to aid in the
normalization of blood pressure and to preserve renal func-
tion, and possibly to reduce risk of cardiovascular events and
mortality. Both medical (pharmacological) and revascular-
ization strategies should be considered for patients with doc-
umented renal arterial disease. The relative efficacy and safe-
ty of medical and endovascular strategies remains an area of
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blockers, appear effective to achieve target blood pressures
in individuals with RAS. The beneficial effects of medical
therapy in these studies on the progression of atherosclerotic
renal arterial disease contributed by smoking cessation, treat-
ment of dyslipidemia, and the use of aspirin are difficult to
differentiate from improvement in blood pressure control
alone. In addition, although the angiotensin II receptor
blockers also have an evidence base of efficacy for normal-
ization of blood pressure in individuals with RAS, their
effects need to be tested further in large randomized trials.
There are currently few objective clinical clues that permit
selection of specific patient cohorts that would best be treat-
ed by medical therapy versus renal arterial revascularization,
which remains an area of active clinical investigation.
Individuals with atherosclerotic disease and hypertension
should be treated according to goals of the Seventh Report of
the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure (294).

3.5.2. Indications for Revascularization

3.5.2.1. Asymptomatic Stenosis

RECOMMENDATIONS

Class IIb
1. Percutaneous revascularization may be considered for

treatment of an asymptomatic bilateral or solitary

active clinical investigation. A treatment algorithm based on
the current evidence base is provided in Figure 18. 

3.5.1. Medical Treatment

RECOMMENDATIONS

Class I
1. Angiotensin-converting enzyme inhibitors are effec-

tive medications for treatment of hypertension associ-
ated with unilateral RAS. (Level of Evidence: A)

2. Angiotensin receptor blockers are effective medica-
tions for treatment of hypertension associated with
unilateral RAS. (Level of Evidence: B)

3. Calcium-channel blockers are effective medications
for treatment of hypertension associated with unilat-
eral RAS. (Level of Evidence: A)

4. Beta-blockers are effective medications for treatment
of hypertension associated with RAS. (Level of
Evidence: A)

Multiple studies have now shown that ACE inhibitors and
calcium-channel blockers are effective in the treatment of
hypertension in the presence of RAS (724-728). These
results address primarily the treatment of hypertension, but
diminution in the progression of renal disease has also been
demonstrated. There is also evidence that alternative thera-
pies, based largely on chlorothiazide, hydralazine, and beta-

Figure 18. Indications for renal revascularization. *Viable means kidney linear length greater than 7 cm. †It is recognized that renal
artery surgery has proven efficacy in alleviating RAS due to atherosclerosis and fibromuscular dysplasia. Currently, however, its role
is often reserved for individuals in whom less invasive percutaneous RAS interventions are not feasible. CHF indicates congestive
heart failure; CRI, chronic renal insufficiency; LOE, level of evidence; PTA, percutaneous transluminal angioplasty.
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viable kidney with a hemodynamically significant
RAS. (Level of Evidence: C)

2. The usefulness of percutaneous revascularization of
an asymptomatic unilateral hemodynamically signifi-
cant RAS in a viable kidney is not well established and
is presently clinically unproven. (Level of Evidence: C)

Hemodynamically significant asymptomatic (incidental)
renal artery stenosis is defined as RAS in the absence of end-
organ dysfunction (e.g., idiopathic pulmonary edema, stroke,
visual loss, hypertension, or refractory angina) but in the
presence of (a) greater than or equal to 50% to 70% diame-
ter stenosis by visual estimation with a peak translesional
gradient (measured with a less than or equal to 5-Fr catheter
or pressure wire) of greater than or equal to 20 mm Hg or a
mean gradient greater than or equal to 10 mm Hg, (b) any
stenosis greater than or equal to 70% diameter stenosis, or (c)
greater than or equal to 70% diameter stenosis by intravas-
cular ultrasound measurement (688). 

Incidental (asymptomatic) RAS found at coronary or
peripheral angiography (abdominal aortography) is more
common than previously suspected (Tables 29 and 30) (621-
623,625,630,643,719). Screening angiography has demon-
strated renal artery stenoses (defined as greater than 50%
diameter stenosis) in 18% of 196 consecutive patients under-
going coronary angiography for suspected coronary artery
disease (623). In patients with established coronary artery
disease, the incidence of incidental, unsuspected RAS
climbed to 22%. One large study examined the incidence of
RAS diagnosed by screening angiography during coronary

angiography and found incidental renal artery narrowing in
30% of 1235 consecutive angiograms (621). Significant uni-
lateral RAS (greater than 50% diameter stenosis) was docu-
mented in 15% of individuals, and bilateral RAS was
observed in 33% of these subjects. Multivariate predictors of
the presence of high-grade renal artery disease included age,
associated coronary artery disease, congestive heart failure,
female gender, and PAD. Hypertension was not an associat-
ed predictive variable.

Univariate predictors of RAS in 14152 patients undergoing
abdominal aortography at the time of cardiac catheterization
are summarized in Table 31 (643). A trial of screening renal
angiography at the time of cardiac catheterization in 177
consecutive patients found measurable RAS in 25% of the
patients, with hemodynamically significant lesions observed
in 11% of this population (622). Multivariate analysis
demonstrated that the extent of coronary artery disease was
the strongest predictor of concomitant RAS (Table 32) (622).

The use of renal angiography screening during peripheral
vascular angiography has also demonstrated a much higher
than expected incidence of asymptomatic or incidental RAS
(Table 30) (625,630,719). In 394 consecutive patients under-
going angiographic evaluation of clinically suspected PAD
(aortoiliac and lower extremity), without the usual clinical
clues to suggest RAS, 33% to 39% had significant (greater
than 50% diameter stenosis) RAS (Table 33) (625).
Incidental (asymptomatic) RAS was discovered in 28% of
346 patients undergoing evaluation for AAA or peripheral
arterial occlusive disease.

Table 29. Prevalence of Incidental RAS Found at Cardiac Catheterization

No. of RAS Greater
First Author Reference Patients RAS (%) Than 50% (%) Bilateral (%)

Crowley (643) 14 152 11.4 6.3 21

Harding (621) 1302 30 15 36

Jean (623) 196 29 18 NR

Vetrovec (729) 116 NR 23 29

Conlon (730) 3987 34 9.1 17

Rihal (720) 297 25 19 4

Weber-Mzell (622) 177 11 8

NR indicates not reported.

Table 30. Prevalence of Incidental RAS Found at Abdominal Aortography

No. of % RAS Greater
First Author Reference Patients RAS (%) Than 50% (%) Bilateral (%)

Olin (625) 318 NR 38 13

Valentine (630) 346 NR 28 NR

Leertouwer (719) 386 NR 33 26

NR indicates not reported; RAS, renal arterial stenosis.
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impact of incidental RAS on survival persisted even in those
individuals who had undergone revascularization for coro-
nary artery disease. As the severity of RAS increased in 3
disease severity groups (from 50% to 75%, from 75% to
95%, and greater than 95%), the 4-year patient survival rate
decreased from 70% to 68% and 48%, respectively (Table
34) (730). Patients with bilateral severe (at least 75% diame-
ter stenosis) RAS had the lowest 4-year survival rate of 47%
compared with 59% for those with unilateral disease. 

The tendency for RAS to progress or worsen appears unaf-
fected by medical therapy to control blood pressure. Renal
artery occlusion generally causes irreversible loss of renal
excretory function, although this loss may not be evident in
the elevation of serum creatinine (653). Over a 7-year peri-
od, 24 312 patients underwent cardiac catheterization, of
whom 14 152 (58%) had abdominal aortograms to screen
them for asymptomatic RAS (643). The likelihood of new
lesions appearing or of known lesions to progress was
assessed in a cohort of 1189 patients who underwent 2
abdominal aortograms separated by at least 6 months. The
average time separating the 2 angiograms was 2.6 plus or

Whereas the presence of coronary atherosclerosis predicts
the presence of significant atherosclerotic renal artery dis-
ease, there is a converse ability of atherosclerotic renal arte-
rial disease to predict the severity of coronary artery disease.
Asymptomatic (incidental) RAS found at peripheral angiog-
raphy is strongly associated with the presence of coronary
artery disease (630). The presence of asymptomatic (inci-
dental) RAS is a strong predictor of subsequent mortality
(719). Conlon and coworkers performed screening abdomi-
nal aortography on 3987 patients undergoing cardiac
catheterization (730). Significant (at least 50% diameter
stenosis) RAS was found in 362 patients (9.1%), and severe
(at least 75% diameter stenosis) RAS was found in 191
(4.8%). Approximately one fifth (n equals 33) of patients
with severe RAS had bilateral involvement. In that study, the
4-year survival rate for patients with asymptomatic, severe
(at least 75% diameter stenosis) RAS incidentally discovered
at cardiac catheterization was diminished to 57% compared
with the 89% survival rate in patients without severe RAS
(730). The presence of severe RAS was independently asso-
ciated with mortality. In a multivariate model, the negative

Table 31. Univariate Predictors of RAS in Individuals Undergoing Cardiac Catheterization

Variable OR (95% CI) p

Coronary artery disease 4.8 (3.9 to 5.9) 0.000001

Elevated creatinine 4.5 (2.8 to 7.2) 0.000001

Peripheral arterial disease 2.6 (2.2 to 3.0) 0.000001

Cerebrovascular disease 2.3 (2.0 to 2.7) 0.000001

Hypertension 2.3 (2.0 to 2.6) 0.000001

Ejection fraction less than 30% 1.5 (1.2 to 1.8) 0.001

Diabetes mellitus 1.5 (1.3 to 1.7) 0.000001

Female sex 1.4 (1.2 to 1.6) 0.000001

Family history of CAD 1.2 (1.0 to 1.4) 0.009

CAD indicates coronary artery disease; CI, confidence interval; OR, odds ratio; RAS, renal arterial disease.
Reprinted with permission from Crowley JJ, Santos RM, Peter RH, et al. Progression of renal artery stenosis in patients under-

going cardiac catheterization. Am Heart J. 1998;136:913-8 (643).

Table 32. Multivariate Logistic Regression of Univariate Predictors of Renal Arterial Stenosis in Patients
Undergoing Cardiac Catheterization for Suspected Coronary Artery Disease (CAD)

Regression Odds
Coefficient Ratio 95% CI p

Extent of CAD 0.801 2.227 1.204 to 4.119 0.011

Glomerular filtration rate –0.04 0.961 0.925 to 0.998 0.038

Systolic blood pressure 0.025 1.026 0.996 to 1.057 0.078

Age –0.01 0.99 0.917 to 1.069 0.802

Diabetes mellitus 0.091 1.095 0.570 to 2.071 0.781

CI indicates confidence interval.
Reprinted with permission from Weber-Mzell D, Kotanko P, Schumacher M, et al. Coronary anatomy predicts presence or absence of renal

artery stenosis: a prospective study in patients undergoing cardiac catheterization for suspected coronary artery disease. Eur Heart J.
2002;23:1684-91 (622).
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3.5.2.2. Hypertension

RECOMMENDATIONS

Class IIa
Percutaneous revascularization is reasonable for
patients with hemodynamically significant RAS and
accelerated hypertension, resistant hypertension,
malignant hypertension, hypertension with an unex-
plained unilateral small kidney, and hypertension
with intolerance to medication. (Level of Evidence: B)

Control of hypertension is an important component of all
atherosclerosis risk reduction. Most hypertension is not due
to RAS (essential hypertension) and routine evaluation for
RAS is not indicated. However, there are clinical clues that
can be useful in identifying the small subset of individuals in
whom directed evaluation for renal artery disease may be
useful (see Section 3.2 and Figure 17). It should be noted that
“resistant hypertension” is defined as the failure to achieve
goal blood pressure in patients who are adhering to full doses
of an appropriate 3-drug regimen that includes a diuretic
(from p. 2570 of Chobanian et al., 294).

Renovascular hypertension remains the most common
form of correctable hypertension. Percutaneous techniques
have largely replaced surgical revascularization for athero-
sclerotic renovascular hypertension (731). The DRASTIC
trial (Dutch Renal Artery Stenosis Intervention Cooperative)
was an attempt to determine the efficacy of medical therapy
compared with percutaneous transluminal renal angioplasty
for blood pressure control in renovascular hypertension
(732). There was an advantage for the percutaneous translu-
minal renal angioplasty group at 3 months. The intention-to-
treat analysis at 1 year was limited in this study by the high
proportion (greater than 40%) of patients who were assigned
to the “medical treatment” cohort who crossed over to per-
cutaneous transluminal renal angioplasty, thus potentially
underestimating the benefit of percutaneous transluminal
renal angioplasty. In addition, the percutaneous technique
applied in this trial did not consistently utilize stents. Another
criticism of the DRASTIC trial is that there was no proof of
hemodynamic significance of stenoses of 50% to 70%.
Therefore, some patients may have been treated with renal
revascularization for nonhemodynamically significant
stenoses. This would decrease the overall benefit for the
treatment group. Since publication of this trial, stent place-

minus 1.6 years. A new RAS or RAS progression was seen
in 11.1% of the patients (Table 35) (643). Progression from
normal to greater than 75% stenosis in 1 or more arteries was
associated with a decline in renal function and with a signif-
icantly higher serum creatinine (141 plus or minus 114
micromoles per liter) than in those patients without lesion
progression (97 plus or minus 44 micromoles per liter, p
equals 0.01). Lesion progression is more likely to occur in
more severe stenoses (637,642). Notably, these studies were
limited to individuals in whom coronary angiography was
performed twice, presumably because of progressive clinical
disease, and thus may not be representative of the larger pop-
ulation of individuals with RAS. 

There are no well-controlled prospective, randomized
investigations to measure the relative risk and benefit of
endovascular interventions (or associated medical therapies)
in individuals with asymptomatic renal artery disease, and
thus the role of such interventions remains controversial.
Recommendations regarding the role of percutaneous revas-
cularization of asymptomatic renal disease are made largely
on the basis of expert opinion and are not based on evidence
that treatment of asymptomatic RAS improves any renal or
systemic outcome, including renal preservation, blood pres-
sure, or cardiovascular morbidity or mortality. Therefore,
these recommendations are still considered controversial and
must be individualized for the patient by each treating physi-
cian. The recommendations will likely be modified once
controlled prospective data become available.

Table 34. Four-Year Survival for Individuals With Incidental
(Asymptomatic) RAS as Documented at Cardiac
Catheterization

Severity of Four-Year
Incidental RAS Survival (%)

No RAS 90

50% to 75% 70

75% to 95% 68

Greater than 95% 48

RAS indicates renal arterial stenosis. 
Reprinted with permission from Conlon PJ, Little MA, Pieper K, et al. Severity of

renal vascular disease predicts mortality in patients undergoing coronary angiog-
raphy. Kidney Int. 2001;60:1490-7 (730).

Table 33. Prevalence of RAS in Individuals With Systemic Atherosclerotic Syndromes*

Infrainguinal 
AAA (n=108) AOD (n=21) PAD (n=189) RAS (n=76)

All patients with greater 41 (38%) 7 (33%) 74 (39%) 53 (70%)†
than 50% stenosis

*Significant renal arterial stenosis (RAS) was defined as greater than 50% stenosis.
†p<0.01 versus other 3 groups.
AAA indicates abdominal aortic aneurysm; AOD, aortic occlusive disease; n, total sample size; and PAD, peripheral arterial disease.
Adapted with permission from Olin JW, Melia M, Young JR, et al. Prevalence of atherosclerotic renal artery stenosis in patients with athero-

sclerosis elsewhere. Am J Med. 1990;88(1N):46N-51N (625).



ment has emerged as a superior technique to balloon angio-
plasty alone for the treatment of atherosclerotic ostial RAS.
In a meta-analysis comparing the clinical benefits of balloon
angioplasty and stent therapy, stent therapy demonstrated a
better blood pressure response and a lower restenosis rate
(699).

The single randomized, controlled trial that compared renal
stent placement with balloon treatment alone demonstrated
procedural superiority for primary stent placement (700).
The burden of reintervention in the percutaneous translumi-
nal renal angioplasty group (48%) compared with that of the
stent group (14%) also supported the cost efficacy of stent
placement during the primary procedure. The reduced
restenosis with stenting compared with angioplasty alone
seen in this study was not associated with differences in
either hypertension or renal function benefit. A number of
studies have confirmed the high technical success rates (95%
or higher) for primary renal stent placement (733-739).

As noted above, the indications for renal artery revascular-
ization presume the presence of clinical indications with a
hemodynamically significant stenosis defined as (a) 50% to
70% diameter stenosis by visual estimation with a peak
translesional gradient (measured with a 5F or smaller
catheter or pressure wire) of at least 20 mm Hg or a mean
gradient of at least 10 mm Hg; (b) any stenosis of at least
70% diameter; or (c) greater than or equal to 70% diameter
stenosis by intravascular ultrasound measurement (718).

It has been assumed that the outcome variability of the cur-
rent investigational database is attributable to both the het-
erogeneity of patient selection criteria for inclusion in these
clinical trials and the lack of standard reporting criteria. One
trial demonstrated that patients with the highest baseline sys-
tolic blood pressures had the greatest decrease in systolic
pressure, but the variables of age, sex, race, severity of steno-
sis, number of vessels treated, baseline diastolic pressure, or
baseline serum creatinine did not correlate with blood pres-
sure improvement after renal stent placement (13). Another
multivariate logistic regression analysis demonstrated that 2
variables, bilateral RAS (OR equals 4.6, p equals 0.009) and
mean arterial pressure greater than 110 mm Hg (OR equals
2.9, p equals 0.003), predicted a beneficial blood pressure
response after renal artery stent placement (736). No differ-
ence has been demonstrated in the blood pressure response
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after stent placement in older (75 years and older) versus
younger (less than 75 years) patients or in women versus
men (740,741). 

The current evidence base suggests that patients with
severe atherosclerotic RAS and accelerated, resistant, and
malignant hypertension may expect to receive some clinical
benefit, including improved blood pressure control, the need
for fewer medications, or both. However, “cure” of hyper-
tension is rare, improvement in blood pressure control is
common, and a moderate fraction of individuals do not
achieve measurable benefit (Table 36).

3.5.2.3. Preservation of Renal Function

RECOMMENDATIONS

Class IIa
Percutaneous revascularization is reasonable for
patients with RAS and progressive chronic kidney dis-
ease with bilateral RAS or a RAS to a solitary func-
tioning kidney. (Level of Evidence: B)

Class IIb
Percutaneous revascularization may be considered for
patients with RAS and chronic renal insufficiency
with unilateral RAS. (Level of Evidence: C)

Atherosclerotic RAS is an important cause of or contribu-
tor to renal failure (632,740,742,743). It is unclear how many
patients enter dialysis secondary to RAS. In one study,
patients with renovascular disease as the cause of their renal
failure had survival rates of 56% at 2 years (640). As indi-
viduals with progressive worsening renal function are evalu-
ated for reversible etiologies (including RAS), it should be
noted that the National Kidney Foundation defines chronic
kidney disease as a decrease in estimated glomerular filtra-
tion rate to less than 60 mL/min per 1.73 m2 (modified
Modification of Diet in Renal Disease formula) that persists
for at least 3 months. Moreover, it may be inappropriate for
many patients with new end-stage renal disease to be con-
sidered as candidates for evaluation for RAS when signifi-
cant intrinsic kidney disease is a major contributor to renal
failure.

Table 35. Multivariate Analysis of Risk Factors Associated With Progression of
Renal Arterial Stenosis

Variable OR (95% CI) p

Female sex 1.9 (1.5 to 2.2) 0.002

Increased age 1.6 (1.4 to 1.8) 0.0001

Coronary artery disease 1.3 (1.2 to 1.4) 0.004

Time between angiograms, yr 1.3 (1.2 to 1.4) 0.0001

CI indicates confidence interal; and OR, odds ratio. 
Reprinted with permission from Crowley JJ, Santos RM, Peter RH, et al. Progression of renal artery steno-

sis in patients undergoing cardiac catheterization. Am Heart J. 1998;136:913-8 (643).
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Revascularization is effective in stabilizing or improving
renal function in patients with symptomatic atherosclerotic
RAS (701,744-748). Several trials have documented that
renal artery stent placement improves or stabilizes renal
function in patients with atherosclerotic RAS (749-752).
Significant improvement in renal function up to 1 year after
unilateral renal artery stent placement was demonstrated by
Leertouwer and coworkers (701). They demonstrated that the
glomerular filtration rate in the revascularized kidney
improved significantly but that overall glomerular filtration
rate from both kidneys did not change (721). Prospective
randomized trials of stenting for unilateral RAS in an effort
to preserve renal function are needed.

Harden and colleagues (750) reported a series of 32
patients (33 kidneys) with unexplained renal insufficiency
and hemodynamically significant RAS who underwent stent
placement. The majority of patients had bilateral or unilater-
al solitary RAS, although unilateral disease was present in 7
patients. Improvement and stabilization of renal function
were demonstrated by plotting the slope of serial reciprocal
serum creatinine values. This study was limited by a rela-
tively short median follow-up of only 8 months. The authors
concluded that stent placement slowed the progression of
RAS (750). Ultimately, large-scale prospective, controlled
trials better defining the role, thresholds, and patient subsets
that warrant revascularization in the setting of chronic kid-
ney disease need to be performed. 

Improvement of renal function was demonstrated in 33
patients undergoing successful renal artery stent placement
for bilateral or unilateral solitary RAS (greater than or equal
to 70%) with a baseline serum creatinine between 1.5 and 4.0
mg per dL (751). When reciprocal creatinine plots were used,
all patients at baseline had deteriorating renal function man-
ifested by the negative calculated renal function slope.
Follow-up data at greater than or equal to 8 months were
available in 25 patients, all of whom had either a positive or
less-negative reciprocal slope of the creatinine, which indi-
cated improvement and stabilization of renal function. This
small study also demonstrated preserved renal mass by ultra-
sound measurements. 

Using a serum creatinine value greater than or equal to 1.5
mg per dL and a negative slope of the reciprocal of the serum
creatinine in the preceding 12 months, Rocha-Singh et al.
documented reversal of declining renal function with stent
placement; this benefit was sustained over 30 months (752).
The improvement in renal function was associated with
lower blood pressure and fewer medication requirements.
These authors concluded that renal stent revascularization
should be considered a valid therapeutic option for the long-
term treatment of ischemic nephropathy.

Several factors may argue against renal revascularization
or predict poorer outcomes. These include the presence of
proteinuria greater than 1 g every 24 hours, renal atrophy,
severe renal parenchymal disease, and severe diffuse
intrarenal arteriolar disease. In addition, several studies have
shown that renal function can deteriorate after renal artery
angioplasty, especially in patients with stable renal function
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prior to the intervention (752a,752b). Thus, the risks and
benefits of renal revascularization must be carefully evaluat-
ed in each individual.

The adverse consequences of renal atheroembolization at
the time of surgical revascularization have been documented
(753). Similar potentially severe atheroembolization may be
provoked by renal percutaneous revascularization methods
(754). The contribution of procedure-related renal artery
atheroembolization to decrements in renal function after
revascularization can be difficult to quantitate and distin-
guish from the nephrotoxic effects of iodinated contrast, par-
ticularly in patients with initially elevated serum creatinine
and limited renal reserve. These potential limitations empha-
size the need for preprocedural volume expansion and strict
use of contrast-sparing techniques (e.g., highly diluted con-
trast), the use of alternative agents (e.g., carbon dioxide or
gadolinium), preprocedure oral acetylcysteine administra-
tion, and high levels of operator experience when revascu-
larization is performed in individuals with renal insufficien-
cy. In a preliminary study, Henry and coworkers used embol-
ic protection devices during percutaneous renal revascular-
ization and demonstrated atheroembolic debris in all 32
arteries treated (755). The value of embolic protection
devices is being tested in clinical trials to determine whether
these devices can decrease (or increase) the frequency of
clinically important atheroemboli to the kidneys. Ultimately,
large-scale prospective, controlled trials better defining the
role, thresholds, and patient subsets that warrant revascular-
ization in the setting of chronic kidney disease need to be
performed.

3.5.2.4. Impact of RAS on Congestive 
Heart Failure and Unstable Angina

RECOMMENDATIONS

Class I
Percutaneous revascularization is indicated for
patients with hemodynamically significant RAS and
recurrent, unexplained congestive heart failure or
sudden, unexplained pulmonary edema (see text).
(Level of Evidence: B)

Class IIa
Percutaneous revascularization is reasonable for
patients with hemodynamically significant RAS and
unstable angina (see text). (Level of Evidence: B) 

Alterations in circulatory homeostasis can be prominent in
individuals with significant RAS and may provoke exacer-
bations of coronary ischemia and/or congestive heart failure
due to peripheral arterial vasoconstriction, direct effects of
angiotensin II on the myocardium, and/or volume overload.
Renovascular disease may also complicate the long-term
management of cardiac patients (e.g., those with hyperten-
sion or left ventricular systolic dysfunction) by preventing
administration of angiotensin antagonist therapies. 
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Individuals with RAS may experience sudden-onset or
“flash” pulmonary edema (756-761). Patients with hemody-
namically severe bilateral or solitary RAS may manifest a
volume-overload state because they lack normal renal func-
tion to respond to pressure natriuresis (762,763). Patients
with unilateral renal stenosis may also experience pulmonary
edema due to increased left ventricular afterload secondary
to angiotensin-mediated vasoconstriction. Unilateral RAS
may contribute to the development of unstable coronary syn-
dromes by causing sudden increases in myocardial oxygen
demand in patients with coronary disease secondary to
peripheral vasoconstriction; this mechanism is distinct from
the usual assumption underlying other mechanisms of acute
coronary syndromes (e.g., plaque rupture or progressive ath-
erosclerosis) (764,765). 

This pathophysiology underpins the potential therapeutic
benefit of renal artery stent placement in the treatment of
some manifestations of congestive heart failure or unstable
coronary syndromes (766,767). These patients were charac-
terized by having at least 1 renal artery with a hemodynami-
cally significant stenosis and established coronary artery dis-
ease. Successful renal stent placement resulted in a signifi-
cant decrease in blood pressure and control of anginal symp-
toms in 88% of all patients (42 of 48). Some patients under-
went both coronary and renal intervention, whereas others
had only renal artery stent placement because their coronary
atherosclerotic lesions were unsuitable for revascularization.
Outcomes were assessed acutely and at 8 months with the
Canadian Cardiovascular Society angina classification and
the New York Heart Association functional classification.
There was no incremental therapeutic advantage gained for
the group that underwent coronary intervention with renal
stent placement compared with the group that underwent
renal stent placement alone. 

These potential benefits of renal revascularization for indi-
viduals with severe angina or with exacerbations of heart
failure have been observed in small prospective case series
but have not been evaluated in prospective, randomized clin-
ical trials. In addition, the individuals enrolled in these inter-
ventional case series were carefully selected and are not rep-
resentative of the majority of patients with “accelerated angi-
na” or with “recurrent congestive heart failure.” Angina is
known to accelerate via many mechanisms that are unrelated
to renal hemodynamics (e.g., simple progressive coronary
atherosclerosis and instability of coronary plaque), and these
mechanisms are predominant. Thus, clinicians are cautioned
to carefully explore these other mechanisms before presum-
ing that renal artery disease is the major mechanism under-
lying the exacerbation of coronary symptoms. Similarly,
heart failure is frequently caused by nonatherosclerotic
mechanisms, and exacerbations of heart failure symptoms
are multifactorial (e.g., due to progressive remodeling, pro-
gressive coronary disease, dietary changes, or medical non-
compliance). The recommendations in the present guideline
are intended to apply to individuals in whom these nonrenal
factors have been explored and in whom there are clinical
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Stent placement has consistently proven superior to balloon
angioplasty in the treatment of renal artery atherosclerotic
lesions. Balloon angioplasty was compared with stent place-
ment in atherosclerotic RAS by Dorros and coworkers (779).
Quantitative vascular angiography and translesional pressure
gradients were measured in 18 patients who served as their
own controls. Stents were significantly more effective than
balloon angioplasty in these atherosclerotic renal artery
lesions (Table 37) (779). 

The superiority of renal stent placement over balloon
angioplasty was confirmed in a randomized, controlled trial
in hypertensive patients by van de Ven and coworkers (700).
A total of 42 patients and 51 arteries were randomized to bal-
loon angioplasty (with bailout stenting), and 42 patients and
52 arteries were randomized to receive primary stent therapy.
Procedure success and long-term patency markedly favored
the stent group (Table 38) (700). Over the course of the
study, 12 (29%) patients in the balloon group crossed over to
the stent group. This large percentage of crossover patients
confounded the analysis of the clinical end point at 1 year. 

The authors calculated that a renal bailout (provisional)
stent strategy would avoid a stent during the initial procedure
40% of the time. However, 45% of the patients would ulti-
mately require a second procedure with a stent and also
would incur additional complications that would make the
strategy of primary stent placement more efficient. For the
balloon group to achieve a 90% patency rate at 6 months,
62% of all patients would ultimately require a stent, and 57%
of all patients would need a second or third procedure. To
obtain a 90% 6-month patency rate in the primary stent
group, only 12% would need a second procedure. This ran-
domized, controlled trial clearly demonstrated the superiori-
ty of renal stents over balloons in hypertensive patients with
atherosclerotic RAS for procedure success, late patency, and
cost-effectiveness (700). 

A meta-analysis of 10 renal stent studies performed
between 1991 and 1997 demonstrated procedural success

indications to suggest the presence of RAS (e.g., systemic
atherosclerosis).

In summary, the potential physiological benefits of renal
stent placement include reperfusion of the ischemic kid-
ney(s), resulting in a reduction in the stimulus to renin pro-
duction, which decreases angiotensin and aldosterone pro-
duction, thereby decreasing peripheral arterial vasoconstric-
tion and the tendency to develop an expanded extracellular
fluid volume. Improvement in renal perfusion enhances
glomerular filtration and therefore promotes natriuresis.
Finally, in patients with a solitary kidney or bilateral RAS,
the ability of the patient to tolerate long-term administration
of angiotensin antagonist medications may be facilitated by
relief of a hemodynamic renal artery obstruction.

3.5.3. Catheter-Based Interventions

RECOMMENDATIONS

Class I
1. Renal stent placement is indicated for ostial athero-

sclerotic RAS lesions that meet the clinical criteria for
intervention. (Level of Evidence: B)

2. Balloon angioplasty with bailout stent placement if
necessary is recommended for FMD lesions. (Level of
Evidence: B)

Percutaneous transluminal renal balloon angioplasty is the
treatment of choice for symptomatic RAS caused by FMD
(744,768-770). However, in atherosclerotic RAS, balloon
angioplasty alone is associated with a lower procedural suc-
cess rate and a higher restenosis rate (745,771-777). Aorto-
ostial stenoses represent the most common atherosclerotic
lesions and are prone to vascular recoil due to confluent
plaque that extends from the wall of the aorta into the ostium
of the renal artery. These atherosclerotic aorto-ostial lesions
are generally considered unsuitable for treatment by balloon
angioplasty alone (769,770,778).

Table 37. Renal Artery Intervention: The Posttreatment Efficacy of Primary Balloon Versus Stent Interventions

Baseline Balloon Stent

Stenosis (%) 82 plus or minus 12 29 plus or minus 14 3 plus or minus 6*

Mean gradient, mm Hg 50 plus or minus 22 8 plus or minus 6 1 plus or minus 3*

Peak gradient, mm Hg 94 plus or minus 33 23 plus or minus 19 1 plus or minus 3*

*p less than 0.05.
Reprinted with permission from Dorros G, Jaff M, Mathiak L, et al. Four-year follow-up of Palmaz-Schatz stent revascularization as treatment

for atherosclerotic renal artery stenosis. Circulation. 1998;98:642-7 (779).

Table 38. Balloon Versus Stent: Randomized, Controlled Trial

Balloon (n=51) Stent (n=52) p Value

Procedure success 63% 90% Less than 0.05

Restenosis 48% 14% Less than 0.05

van de Ven PJ, Kaatee R, Beutler JJ, et al. Arterial stenting and balloon angioplasty in ostial atherosclerotic renovascular disease: a randomised
trial. Lancet. 1999;353:282-6. (700). Reprinted with permission from Elsevier.



18
ACC - www.acc.org

AHA - www.americanheart.org
Hirsch et al. 2005
ACC/AHA Practice Guidelines

Table 39. Renal Stent Placement Procedural Outcomes

First Author Date Reference Arteries (n) Success* (%) Restenosis (%)

White 1997 (738) 133 99 18.8

Blum 1997 (733) 74 100 11

Tuttle 1998 (734) 148 98 14

Henry 1999 (735) 209 99 11.4

van de Ven 1999 (700) 43 90 14

Rocha-Singh 1999 (736) 180 97 12

Lederman 2001 (739) 358 100 21

*Definitions of procedural success vary in each study.
n indicates number of patients. 

rates greater than or equal to 96% with a procedure-related
mortality rate of less than 1% (780). The average restenosis
rate, evaluated between 6 and 12 months after the procedure,
was 16%. A second meta-analysis, comparing renal stent
placement and balloon angioplasty, for atherosclerotic RAS
was performed by Leertouwer and colleagues (700). They
confirmed a significantly higher procedural success rate for
stents (98%) than for balloon angioplasty (77%; p less than
0.001) and a lower restenosis rate for stents (17%) than for
balloon angioplasty (26%; p less than 0.001). A survey of the
literature suggests that restenosis rates for renal stenting are
often lower (Table 39). 

Renal resistive index has been suggested as a marker for
selecting patients likely to respond to intervention. However,
there are conflicting data regarding the ability of the RRI to
predict treatment response. A retrospective study in which
most patients were treated by balloon angioplasty alone by
Radermacher and coworkers (698) suggested that an elevat-
ed resistance index greater than 0.80 was associated with a
low probability of improved blood pressure control or renal
function preservation after revascularization. This study has
been criticized for its retrospective nature without use of pre-
specified end points and for its reliance on the use of balloon
angioplasty as the primary method of treatment. These data
have been challenged recently by a prospective uncontrolled
study of renal stent placement in 241 patients by Zeller and
associates (702). These investigators clearly demonstrated
that patients with an elevated RRI were also able to achieve
a favorable blood pressure response and renal functional
improvement after renal arterial intervention. 

For renal artery atherosclerotic lesions, the larger the post-
stent minimal lumen diameter, as measured by quantitative
vascular angiography, the better the late stent patency (738).
Similar to coronary stents, larger diameter renal arteries have
lower restenosis rates than smaller diameter vessels (698,
736). Two series have addressed the long-term durability and
patency of renal stents (733,735). In those series, the 5-year
primary patency rates of renal stents were 79% and 84.5%,
and the secondary patency rates were 92.4% and 98%.
Almost all occurrences of stent restenosis occurred during

the first year after stent implantation, with restenosis later
than 2 years an unusual occurrence.

3.5.4. Surgery for RAS

RECOMMENDATIONS

Class I
1. Vascular surgical reconstruction is indicated for

patients with fibromuscular dysplastic RAS with clin-
ical indications for interventions (same as for PTA),
especially those exhibiting complex disease that
extends into the segmental arteries and those having
macroaneurysms. (Level of Evidence: B)

2. Vascular surgical reconstruction is indicated for
patients with atherosclerotic RAS and clinical indica-
tions for intervention, especially those with multiple
small renal arteries or early primary branching of the
main renal artery. (Level of Evidence: B)

3. Vascular surgical reconstruction is indicated for
patients with atherosclerotic RAS in combination with
pararenal aortic reconstructions (in treatment of aor-
tic aneurysms or severe aortoiliac occlusive disease).
(Level of Evidence: C)

3.5.4.1. Fibromuscular Dysplasia

Operative therapy for treatment of FMD, be it performed in
situ or ex vivo, is undertaken in 2 basic modes with either (a)
an aortorenal bypass or (b) a nonanatomic bypass (781,782).
In situ revascularizations are preferred in that disruption of
preexisting collateral vessels does not accompany this type
of reconstructive procedure. However, ex vivo revasculariza-
tions are appropriate in certain patients with complex dis-
ease, especially that which affects multiple segmental vessels
or that is associated with macroaneurysmal disease of these
smaller arteries (783).

Age and the status of the aorta become important determi-
nants of the type of in situ operation. In patients less than 21
years of age, vein grafts are avoided because of the potential
for late aneurysmal degeneration (784). Internal iliac artery
grafts are favored in younger patients and in occasional older
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Nonanatomic bypass is an important means of renal revas-
cularization in select patients, provided that flow within the
donor artery is normal. When hepatorenal or splenorenal
bypasses are created, no significant celiac artery stenoses
should be present. For iliorenal bypasses, no pressure gradi-
ents across the aorta or proximal iliac arteries should be pres-
ent, lest they impair graft flow.

Aortorenal bypass is the most common open surgical
means of treating arteriosclerotic renovascular disease
(782,795). Reversed saphenous vein is the favored conduit
when small renal arteries are being bypassed or multiple ves-
sel reconstructions are being performed. For reconstruction
of a large poststenotic renal artery, especially when the graft
originates from a concurrently placed synthetic aortic pros-
thesis, use of a PTFE or polyester filament graft is accept-
able.

Aortorenal endarterectomy is preferred by many surgeons,
especially when undertaken in concert with an aortic recon-
structive operation (797). This form of renal revasculariza-
tion is generally considered more technically demanding
than a nonanatomic bypass or a conventional bypass (796). It
is often performed through an axial aortotomy that extends
from the level of the superior mesenteric artery to the
infrarenal aorta or through the transected aorta at the time of
the aortic reconstruction. The axial transaortic approach has
particular applicability for treatment of bilateral and multiple
renal artery ostial stenoses, as well as when coexistent celiac
and superior mesenteric arterial stenoses need to be treated.
A direct renal arteriotomy and endarterectomy has certain
advantages for treatment of complex disease that extends
into early branchings of the renal artery, but it is performed
much less often than transaortic endarterectomy.

Secondary nephrectomy should only be done after recon-
structive failures are deemed impossible to salvage with
reoperation (798,799). Irreparable ischemic atrophy or injury
in some patients may be a consequence of advanced arte-
riosclerotic occlusive disease. It is most likely to exist when
(a) radionuclide scan evidence exists that the kidney con-
tributes less than 10% of the total renal function, (b) the kid-
ney length is less than 5 cm, or (c) there is evidence of exten-
sive cortical infarction. In such circumstances, especially if
the serum creatinine is less than 3 mg per dL, a primary
nephrectomy may be appropriate. Renal revascularizations
are unlikely to improve either blood pressure control or renal
function in these patients.

Primary nephrectomy is performed in select patients in
whom operative or catheter-based procedures are not possi-
ble, and only when a benefit, especially regarding blood
pressure control, is expected after removal of the kidney
(800,801). The technique of primary intracapsular nephrec-
tomy is the same as with secondary nephrectomy.

3.5.4.3. Results of Operative Therapy

Renal preservation and maintenance of renal function are
important in the assessment of clinical experiences.
Nephrectomy will usually not offer as much benefit as revas-

patients. Vein grafts are favored in most patients 21 years and
older in whom the aorta is relatively normal. In patients with
no suitable vein, synthetic conduits of PTFE or polyester fil-
ament may be used, but these materials are not favored over
autologous grafts in younger individuals.

In patients with an aorta encased in scar tissue from previ-
ous surgery or in whom clamping of the aorta would be haz-
ardous because of severe ventricular dysfunction, a
nonanatomic revascularization, in the form of a hepatorenal,
splenorenal, or iliorenal reconstruction, would be appropriate
(785). A normal, undiseased celiac artery is necessary for the
performance of a hepatorenal or splenorenal bypass.

A secondary nephrectomy may be necessary to provide
adequate blood pressure control in those patients whose pri-
mary operation has failed when attempts at re-revasculariza-
tion have been unsuccessful (3,12). In rare circumstances, a
kidney will initially appear to be hypoplastic or will exhibit
irreparable ischemic atrophy. When the contralateral kidney
appears normal, a primary nephrectomy may be performed.
Dysplastic renal artery stenoses in pediatric-aged patients are
usually treated by open surgery, although balloon angioplas-
ty or transcatheter alcohol ablation of the renal parenchyma
beyond isolated intrarenal webs may be successfully used in
select patients (786-788).

3.5.4.2. Arteriosclerotic Renal Artery 
Occlusive Disease

Unilateral isolated nonostial RAS in the case of normal renal
function is usually treated by percutaneous balloon angio-
plasty with stenting in lieu of operative therapy (789-791),
although with abnormal renal function, surgical treatment
may be performed in select patients (782,792,793).
Unilateral and bilateral ostial stenoses account for most arte-
riosclerotic renovascular disease. In the case of unilateral
disease and normal renal function, either balloon angioplas-
ty or operative therapy provides acceptable results, although
less-invasive endovascular therapy is usually the preferred
modality. If restenosis after PTA is severe enough to warrant
surgical operation, it can result in secondary nephrectomy
(794).

Operative therapy, when undertaken for arteriosclerotic
renovascular disease, must consider the status of the aorta. A
nonanatomic bypass is appropriate in the case of a hostile
aorta due to intrinsic disease that is nontreatable without
inordinate patient risks or in instances of very poor cardiac
function where aortic cross-clamping would be hazardous. In
patients who require open surgical treatment of AAAs or
severe aortoiliac occlusive disease, a concomitant aortic
reconstruction and an aortorenal bypass or endarterectomy
may be performed (782,792,795-797). These latter 2 options
also exist in the case of a normal aorta, with an aortorenal
bypass favored in treatment of single renal artery disease and
aortorenal endarterectomy favored for treatment of multiple
renal arteries to the same kidney, as well as in treatment of
bilateral disease.



cularization. Even when nephrectomy provides good results,
it leaves the patient at considerable risk if contralateral dis-
ease occurs later. Improved renal function after revascular-
ization is well recognized and is most likely to occur among
patients exhibiting arteriosclerotic disease with a relatively
sudden onset of renal function impairment.

Surgical treatment of renovascular hypertension affords
good clinical outcomes (802-806). The risk of surgery
increases in patients who require concomitant aortic recon-
struction, in patients with renal insufficiency, and when aor-
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tic grafts are used as a source of the bypass graft. The need
for reoperation has been reported in 5% to 15% of patients,
with survival in 65% to 81% of patients (802-806).
Differences among most individual experiences reflect vari-
ations in the prevalence of different renovascular disease cat-
egories. Arterial fibrodysplastic renovascular hypertension
(Table 40) is more likely to benefit from surgical revascular-
ization than is arteriosclerotic renovascular hypertension
(Table 41). This is probably a reflection of coexistent essen-
tial hypertension in older patients with arteriosclerotic dis-

Table 40. Surgical Revascularization of Fibrodysplastic Renovascular Hypertension in Adults

Operative Outcome (%)
No. of Surgical Mortality 

Institution Patients Cured Improved Failed (30-Day) Rate (%)

University of Michigan 144 55 39 6 0

Baylor College of Medicine 113 43 24 33 0

Cleveland Clinic 92 58 31 11 Unstated

University of California, 
San Francisco 77 66 32 1.3 0

Mayo Clinic 63 66 24 10 Unstated

University Hospital Leiden, 
the Netherlands 53 53 34 13 2

Vanderbilt University 44 72 24 4 2.3

Columbia University 42 76 14 10 Unstated

Bowman Gray 40 33 57 10 0

University of Lund, 
Malmo, Sweden 40 66 24 10 0

Adapted with permission from Stanley JC. The evolution of surgery for renovascular occlusive disease. Cardiovasc Surg. 1994;2:195-202 (781).

Table 41. Surgical Revascularization of Arteriosclerotic Renovascular Hypertension in Adults

Operative Outcome (%)
No. of Surgical Mortality 

Institution Patients Cured Improved Failed (30-Day) Rate (%)

Baylor College of Medicine 360 34 31 35 2.5

Bowman Gray 152 15 75 10 1.3

University of Michigan 135 29 52 19 4.4

University of California, 
San Francisco 84 39 23 38 2.4

Cleveland Clinic 78 40 51 9 2

Columbia University 67 58 21 21 Unstated

University of Lund, 
Malmo, Sweden 66 49 24 27 0.9

Hospital Aiguelongue, 
Montpellier, France 65 45 40 15 1.1

Vanderbilt University 63 50 45 5 9

Adapted with permission from Stanley JC. The evolution of surgery for renovascular occlusive disease. Cardiovasc Surg. 1994;2:195-202 (781).
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documented. These largely retrospective clinical reviews
form the basis for our knowledge of and recommendations
for treatment of intestinal ischemia.

4.1. Acute Intestinal Ischemia

4.1.1. Acute Intestinal Ischemia Caused by
Arterial Obstruction

4.1.1.1. Etiology

Acute obstructive intestinal ischemia occurs when the intes-
tinal arteries are suddenly blocked to a degree that all or part
of the intestine has insufficient perfusion for viability. The
many possible causes include embolism from cardiac or
proximal arterial sources (including arterial debris dislodged
during percutaneous interventions) and arterial thrombosis,
either of arteries chronically stenosed by atherosclerosis or
as a result of a hypercoagulable state or an acute arterial dis-
section (807-812). 

Regardless of the cause, patients with acute intestinal
ischemia have severe abdominal pain that is initially out of
proportion to any physical findings that may be present. This
is because peritoneal irritation that leads to abdominal ten-
derness takes hours to develop, and distention, rigidity,
guarding, and systemic symptoms of vascular collapse may
take days to manifest and are best correlated with intestinal
perforation.

4.1.1.2. Diagnosis

RECOMMENDATIONS

Class I
1. Patients with acute abdominal pain out of proportion

to physical findings and who have a history of cardio-
vascular disease should be suspected of having acute
intestinal ischemia. (Level of Evidence: B)

2. Patients who develop acute abdominal pain after arte-
rial interventions in which catheters traverse the vis-
ceral aorta or any proximal arteries or who have
arrhythmias (such as atrial fibrillation) or recent MI
should be suspected of having acute intestinal
ischemia. (Level of Evidence: C)

Class III
In contrast to chronic intestinal ischemia, duplex
sonography of the abdomen is not an appropriate
diagnostic tool for suspected acute intestinal ischemia.
(Level of Evidence: C)

CLINICAL PRESENTATION. Approximately two thirds of
patients with acute intestinal ischemia are women, with a
median age of 70 years. Most patients have a history of pre-
existing cardiovascular disease (807-810). Abdominal pain is
always present; its nature, location, and duration are variable,
but most commonly, the pain is anterior, periumbilical, and
sufficiently severe that medical attention is sought immedi-
ately. Initially, signs of peritoneal irritation are absent, which

ease. Arteriosclerotic renovascular hypertension occurs in 2
subgroups of patients: (a) those with focal renal artery dis-
ease whose only clinical manifestation of arteriosclerosis is
secondary hypertension and (b) those with clinically overt
extrarenal arteriosclerosis that affects the coronary artery,
carotid artery, aorta, or extremity vessels. The severity and
duration of hypertension, age, and gender in these 2 sub-
groups are similar, yet the surgical outcome regarding ame-
lioration of hypertension is worse in patients with overt
extrarenal arteriosclerotic disease.

Surgery was compared with balloon angioplasty for renal
artery revascularization in a randomized clinical trial in
hypertensive patients with atherosclerotic RAS (731). At the
2-year follow-up interval, the surgery group had a higher pri-
mary patency rate than the balloon angioplasty group (95%
vs. 75%, p equals 0.05); however, there was no difference in
the secondary patency rate between the groups (balloon 90%
vs. surgery 97%, p equals 0.61). The clinical end points of
hypertension control and renal function preservation were
not different for angioplasty or surgery. Major complications
were seen in twice as many surgical patients (34%) as bal-
loon angioplasty patients (17%). The authors concluded that
in patients with RAS who were candidates for either surgery
or balloon angioplasty, balloon angioplasty should be the
first choice of therapy. One retrospective trial comparing out-
comes and costs associated with endovascular and surgical
revascularization described similar clinical outcomes but a
nearly 6-fold greater initial cost for surgery (807).

4. MESENTERIC ARTERIAL DISEASE

All diseases and conditions that affect the arteries have been
reported in the arteries that supply the intestines, including
atherosclerosis, arteritis, aneurysms, arterial infections,
FMD, dissections, arterial emboli, and thrombosis. The evi-
dence and recommendations in this section of the guideline
are directed at the various causes and treatment of the most
common vascular problem affecting the intestines, ischemia.
Because there are major differences in presentation, the sec-
tions are divided into acute and chronic intestinal ischemia.
Acute intestinal ischemia is most frequently caused by arte-
rial obstruction but also occurs in the absence of intestinal
arterial obstruction (e.g., nonocclusive mesenteric ischemia
seen in low flow states). Chronic intestinal ischemia is
always the result of arterial obstruction. Regardless of cause,
intestinal ischemia is rare. This means that there are no ran-
domized or controlled trials of diagnosis or therapy for intes-
tinal ischemia, acute or chronic, regardless of cause. There
are important gaps in our knowledge of the natural history of
intestinal ischemia, especially with regard to the number of
persons with asymptomatic intestinal arterial obstructions
who eventually become symptomatic. Despite this, the con-
dition and the primary diagnoses responsible for most cases
have been known for decades. Numerous series documenting
the results of surgical treatment have been reported, and
recently, the clinical course of a number of patients’ case
series treated by percutaneous intervention has also been



is classically referred to as “pain out of proportion to physi-
cal findings.”

LABORATORY FINDINGS. Laboratory evaluation most frequent-
ly shows leukocytosis and lactic acidosis, and amylase is ele-
vated in approximately 50% of patients; approximately 25%
of patients have occult blood in the stool. Abdominal radi-
ographs most frequently show some dilated loops of intes-
tine. There are no specific laboratory or plain radiograph
findings for acute intestinal ischemia.

ULTRASOUND. Because duplex ultrasound scanning is capable
of identifying occlusive lesions of the intestinal arteries, this
test is theoretically attractive for diagnosis of acute intestin-
al ischemia. In practice, it is not very helpful. This is because
duplex scanning of the deeply located intestinal arteries is
technically demanding, requiring ideal conditions for suc-
cess (e.g., fasting patients and early morning examinations to
avoid excessive intestinal gas). The abdominal distention and
fluid frequently present with acute ischemia precludes suc-
cessful scanning in most patients. Because of the need for
emergent treatment in acute ischemia and the time required
to attempt duplex scanning, this test is contraindicated.

COMPUTED TOMOGRAPHIC SCANNING. Computed tomographic
scans are frequently performed in patients with acute abdom-
inal pain. Computed tomographic findings suggestive of
intestinal ischemia include atherosclerotic disease of intes-
tinal arteries and obvious thrombosis of proximal intestinal
arteries, as well as intestinal distention, intestinal wall thick-
ening, intraabdominal fluid, and intestinal perforation. These
findings may also be present in patients without intestinal
ischemia. Computed tomographic findings suggestive of
intestinal ischemia include pneumatosis intestinalis and por-
tal venous air, both of which are late findings. Because com-
puted tomographic scanning for evaluation of abdominal
pain requires administration of intravenous iodinated con-
trast material, which may affect later arteriography, this test
is not the best initial examination for suspected acute intes-
tinal ischemia, although it is frequently performed before
consideration of the mesenteric ischemia diagnosis. 

ARTERIOGRAPHY. Arteriography is the most helpful diagnos-
tic test in patients suspected of having acute intestinal
ischemia; however, its use is controversial because of the
time required for its performance in the emergency setting.
In patients suspected of having intestinal ischemia, arteriog-
raphy can be diagnostic and can differentiate occlusive from
nonocclusive ischemia. Furthermore, catheter-directed thera-
py of arterial occlusions with intra-arterial vasodilators,
thrombolysis, or mechanical thrombectomy devices is possi-
ble in some patients with acute ischemia. If surgical treat-
ment is required, knowledge of the extent and nature of intes-
tinal arterial lesions is helpful. 

The decision for arteriography is probably best individual-
ized in patients suspected of having acute intestinal ischemia.
For those with a very acute presentation, a high likelihood of
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arterial obstruction, and suspected bowel infarction, immedi-
ate laparotomy by a surgeon capable of intestinal revascular-
ization is the best approach. In patients with acute onset in
whom angiography can be performed rapidly and without
delay, this is a reasonable approach. For those with a more
delayed presentation or a high likelihood of nonocclusive
ischemia, initial arteriography is indicated. In these cases, the
advantages of the additional information provided by arteri-
ography outweigh the time required for its performance.

4.1.1.3. Natural History

All series of acute intestinal ischemia patients include some
who had a history of chronic abdominal pain and weight loss.
The frequency with which chronic intestinal ischemia caused
by arterial obstruction becomes acute intestinal ischemia
(presumably by thrombosis) is unknown.

The natural history of acute intestinal ischemia caused by
obstruction of intestinal arteries in the absence of treatment
is nearly always fatal. Intestinal ischemia leads to infarction,
perforation, peritonitis, and death in the vast majority of
patients. A few exceptions occur in which the ischemic injury
may be confined to the mucosal layer of the intestine, or in
which the gradual development of collateral circulation may
result in resolution of the ischemia before infarction.
Although such patients are well recognized, they are rare
compared with those who do not recover. The exact percent-
age is unknown (808,809,813-818). The focus of treatment
in patients with acute mesenteric ischemia is to provide an
aggressive and rapid diagnosis to minimize the amount of
ischemic bowel that will progress to infarction, while rapid-
ly instituting appropriate therapy. 

4.1.1.4. Surgical Treatment

RECOMMENDATION

Class I
Surgical treatment of acute obstructive intestinal
ischemia includes revascularization, resection of
necrotic bowel, and, when appropriate, a “second
look” operation 24 to 48 hours after the revascular-
ization. (Level of Evidence: B)

Despite treatment, acute intestinal ischemia caused by arte-
rial obstruction is most often fatal. Various surgical series
show both that treatment outcome has changed little during
the past several decades and that mortality averages approx-
imately 70% (808,809,813-817). The reason for this grim
prognosis is found in the time course of the signs and symp-
toms of the disease. Because patients present initially with
abdominal pain and few findings, diagnosis is often delayed.
By the time the diagnosis is obvious because of abdominal
distention, perforation, shock, and so on, ischemia is far
advanced, and survival is doubtful, despite treatment.

Surgical treatment consists of laparotomy, revasculariza-
tion of the ischemic intestine either by embolectomy or
bypass grafting, assessment of the viability of the intestine
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4.1.2. Acute Nonocclusive Intestinal Ischemia

4.1.2.1. Etiology

RECOMMENDATIONS

Class I
1. Nonocclusive intestinal ischemia should be suspected

in patients with low flow states or shock, especially
cardiogenic shock, who develop abdominal pain.
(Level of Evidence: B)

2. Nonocclusive intestinal ischemia should be suspected
in patients receiving vasoconstrictor substances and
medications (e.g., cocaine, ergots, vasopressin, or nor-
epinephrine) who develop abdominal pain. (Level of
Evidence: B)

3. Nonocclusive intestinal ischemia should be suspected
in patients who develop abdominal pain after coarcta-
tion repair or after surgical revascularization for
intestinal ischemia caused by arterial obstruction.
(Level of Evidence: B)

Acute intestinal ischemia sufficient to produce infarction
also occurs in the absence of fixed arterial obstruction. The
most frequent setting is severe systemic illness with systemic
shock, usually as a result of reduced cardiac output (808,823-
827). In this situation, the intestinal ischemia has been shown
to be the result of severe and prolonged intestinal arterial
vasospasm. Before modern intensive care and vasodilator
treatment of congestive heart failure, nonocclusive intestinal
ischemia was quite common. With the advent of this therapy,
it has become rare. 

Intestinal vasospasm sufficient to produce ischemia/infarc-
tion also occurs as a result of cocaine ingestion and ergot poi-
soning (828,829). Therapeutic drugs may produce intestinal
ischemia from vasospasm, especially when vasopressors are
used in high doses to treat circulatory shock. 

Intestinal ischemia can also occur as a result of mesenteric
arterial spasm after repair of aortic coarctation (830) and
occasionally occurs after revascularization procedures for
chronic mesenteric ischemia (825). The mechanism of this
apparently paradoxical spasm is unknown. 

4.1.2.2. Diagnosis

RECOMMENDATION

Class I
Arteriography is indicated in patients suspected of
having nonocclusive intestinal ischemia whose condi-
tion does not improve rapidly with treatment of their
underlying disease. (Level of Evidence: B)

Nonocclusive mesenteric ischemia should be suspected
whenever patients with circulatory shock, especially cardio-
genic shock, develop abdominal pain and/or distention.
Because such patients are seriously ill, often with a
decreased level of consciousness, diagnosis may be delayed. 

after revascularization, resection of nonviable intestine, and
intensive care. Frequently, some intestine is clearly viable,
some is clearly nonviable, and some is questionable. No
intraoperative diagnostic test has yet been described that is
superior to the clinical judgment of experienced surgeons in
determining intestinal viability (819). Scheduled “second
look” operations, 24 to 48 hours after the initial procedure,
are the best way to avoid both excessive resection of poten-
tially viable bowel and failure to resect nonviable intestine.

4.1.1.5. Endovascular Treatment

RECOMMENDATION

Class IIb
Percutaneous interventions (including transcatheter
lytic therapy, balloon angioplasty, and stenting) are
appropriate in selected patients with acute intestinal
ischemia caused by arterial obstructions. Patients so
treated may still require laparotomy. (Level of
Evidence: C)

Acute intestinal ischemia caused by arterial obstructions is
most frequently the result of occlusion of the proximal por-
tion of the superior mesenteric artery either by thrombosis at
the site of atherosclerosis or by localized arterial embolism.
It is reasonable to consider the role of lytic therapy, balloon
angioplasty/stenting, or both as definitive treatment, espe-
cially in view of the dismal results associated with standard
surgical therapy. 

Several isolated reports of percutaneous interventional
treatment of superior mesenteric artery obstruction produc-
ing acute intestinal ischemia have been published (820-822).
Because most patients with acute intestinal ischemia have at
least some nonviable intestine at the time of presentation,
most will still require laparotomy and surgical assessment of
the intestinal viability. This approach may be required even
if percutaneous therapy is successful in relieving the obstruc-
tion. However, re-establishment of flow to infarcted bowel
may cause a sudden systemic release of endotoxins, which
may be associated with the sudden onset of disseminated
intravascular coagulation, adult respiratory distress syn-
drome, and sudden cardiovascular collapse. Therefore, in the
presence of infarcted bowel or markedly elevated lactic acid
levels, initial percutaneous treatment should be weighed
against surgical options in which control of the venous out-
flow (and the endotoxins) from the infarcted bowel segment
can be achieved.

Although only a few cases have been reported, further
exploration of this approach to acute ischemia seems appro-
priate. Percutaneous treatment of the arterial obstruction
greatly reduces the magnitude of the surgical procedure that
is required, and the high mortality associated with the stan-
dard approach means that investigation of alternative
approaches is appropriate.



In modern practice, nearly all ergot poisoning is the result
of use/misuse of therapeutic ergot preparations intended to
treat migraine headaches. The diagnosis of nonocclusive
intestinal ischemia should be suspected in persons using
cocaine or amphetamines who have abdominal pain.

There are no physical findings or laboratory tests specific
for nonocclusive intestinal ischemia. Arteriography is the
“gold standard” study. It can demonstrate the characteristic
mesenteric arterial vasospasm and allow direct intra-arterial
instillation of vasodilator medications (824,826,829).

4.1.2.3. Treatment

RECOMMENDATIONS

Class I
1. Treatment of the underlying shock state is the most

important initial step in treatment of nonocclusive
intestinal ischemia. (Level of Evidence: C)

2. Laparotomy and resection of nonviable bowel is indi-
cated in patients with nonocclusive intestinal ischemia
who have persistent symptoms despite treatment.
(Level of Evidence: B)

Class IIa
Transcatheter administration of vasodilator medica-
tions into the area of vasospasm is indicated in
patients with nonocclusive intestinal ischemia who do
not respond to systemic supportive treatment and in
patients with intestinal ischemia due to cocaine or
ergot poisoning. (Level of Evidence: B)

Initial treatment of nonocclusive intestinal ischemia should
be directed at treatment of the underlying shock state. The
most intensive hemodynamic monitoring possible, including
appropriate fluid/pharmacological therapy to improve car-
diac output/peripheral perfusion, is the most reliable way to
relieve the inappropriate vasospasm. 

Administration of vasodilators by percutaneously placed
catheters at the site of inappropriate vasospasm has been
associated with relief of vasospasm/ischemic symptoms in
multiple patients (823). Because of the complete absence of
any controlled trials, it is not possible to determine whether
the improvement that occurred was the result of the systemic
or local effects of the vasodilators or the result of simultane-
ous treatment of the systemic condition.

Transcatheter administration of vasodilators is especially
appropriate in nonocclusive mesenteric ischemia caused by
drugs such as ergot or cocaine, in which systemic shock may
not coexist (831). Abdominal symptoms/findings that persist
after relief of intestinal arterial vasospasm are an indication
for laparotomy/resection of necrotic intestine.

There are few level I or II data on treatments for acute
mesenteric ischemia caused by mesenteric venous throm-
boses, internal or external hernias, vasculitides, or aortic dis-
sections, and therefore, a formal discussion of these causes is
not included in this document.
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4.2. Chronic Intestinal Ischemia

4.2.1. Etiology

Although atherosclerotic disease of the celiac and mesenteric
vessels is common, the clinical presentation of chronic intes-
tinal ischemia is rare. It is nearly uniformly caused by ather-
osclerosis (832). Other rare causes include Buerger’s disease
(812,833), fibromuscular dysplasia/dissection, and aortic
dissection, but these are very rare causes of an already rare
syndrome. The celiac, superior mesenteric, and inferior
mesenteric arteries are all extensively interconnected, to a
degree that means that in usual circumstances, proximal
occlusion by atherosclerosis of any one is well tolerated
(832). Although classic clinical approaches to the diagnosis
of intestinal ischemia have often suggested that this syn-
drome requires occlusion or stenosis of at least 2 of the 3
intestinal arteries, this is not entirely true (833,834). Well-
documented cases of intestinal ischemia occur as a result of
single-vessel disease, virtually always of the superior mesen-
teric artery. Patients in whom some of the normal collateral
intestinal arterial connections have been interrupted by pre-
vious surgery are especially vulnerable to single-vessel
occlusions. 

Patients with chronic intestinal ischemia are most often
female (70%) and classically complain of severe abdominal
pain induced by eating. The pattern of pain is quite variable,
however, and the relationship to food is not always clear, at
least by history. What is clear is that patients voluntarily vast-
ly reduce their food intake, so that weight loss occurs, and
this may be profound. Vomiting, diarrhea, and constipation
are all present in a minority of patients. A majority have a
history of cardiovascular disease, and 30% to 50% have had
previous operations for atherosclerotic disease (most fre-
quently coronary and lower extremity bypass) (835,836).

4.2.2. Diagnosis

RECOMMENDATIONS

Class I
1. Chronic intestinal ischemia should be suspected in

patients with abdominal pain and weight loss without
other explanation, especially those with cardiovascu-
lar disease. (Level of Evidence: B)

2. Duplex ultrasound, CTA, and gadolinium-enhanced
MRA are useful initial tests for supporting the clinical
diagnosis of chronic intestinal ischemia. (Level of
Evidence: B)

3. Diagnostic angiography, including lateral aortogra-
phy, should be obtained in patients suspected of hav-
ing chronic intestinal ischemia for whom noninvasive
imaging is unavailable or indeterminate. (Level of
Evidence: B)

Clinical Presentation

Because there are many common causes of abdominal pain
and weight loss, and because chronic intestinal ischemia is
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Approach to Diagnosis

Although multiple diagnostic techniques are available to
demonstrate diseased intestinal vessels, such lesions are
actually quite common, whereas symptomatic intestinal
ischemia is rare. At present, there are no diagnostic tests that
establish the diagnosis definitively. Rather, it is the combina-
tion of the typical clinical presentation of abdominal pain
and weight loss, with other evidence of cardiovascular dis-
ease, and the finding of intestinal arterial obstruction in the
absence of other obvious cause of the symptoms that should
lead to consideration of the diagnosis.

4.2.3. Natural History

Significant atherosclerotic obstruction of the intestinal arter-
ies is present in 6% to 10% of unselected autopsies and in
14% to 24% of patients undergoing abdominal arteriography.
The fact that nearly all such patients have no symptoms of
intestinal ischemia is a reflection of the extensive collateral
connections present among the intestinal arteries (832). Only
one study (841) has addressed the issue of how many patients
with asymptomatic intestinal arterial lesions ultimately
develop intestinal ischemia. Of 980 abdominal aortograms,
there were 15 patients who had severe stenosis or occlusions
of all 3 intestinal vessels, of whom 4 developed symptomatic
intestinal ischemia with a mean follow-up of 2.6 years. No
patients who had fewer than 3 severely affected vessels
developed symptoms (841).

Development of symptomatic intestinal ischemia in
patients with asymptomatic intestinal arterial obstruction
after abdominal surgery for other reasons has been described
(842). The presumed mechanism is division of vital collater-
als during the surgical procedure. This sequence of events
has been most frequently recognized after abdominal vascu-
lar surgery (e.g., aortic aneurysm or renal artery repair). The
frequency with which this complication occurs is unknown.

The natural history of symptomatic chronic intestinal
ischemia is known in part. An unknown percentage of
patients progress to acute intestinal ischemia, and the
remainder have progressive weight loss with ultimate death
from inanition. Although it is reasonable to postulate that
some of the affected patients must experience spontaneous
recovery, no such case has been documented in the literature.

4.2.4. Interventional Treatment

RECOMMENDATION

Class I
Percutaneous endovascular treatment of intestinal
arterial stenosis is indicated in patients with chronic
intestinal ischemia. (Level of Evidence: B)

Percutaneous treatment of symptomatic intestinal ischemia
was first reported in 1980 (843). Since then, a large number
of reports in the literature have documented that percuta-
neous interventional treatment of intestinal arterial obstruc-

rare, diagnosis is delayed in most patients. Many patients in
whom the diagnosis is made have been symptomatic for
months or even years and have undergone the gamut of
abdominal diagnostic procedures, including contrast X-ray
studies, endoscopy, and multiple scans. The profound weight
loss that occurs suggests a diagnosis of malignancy, which
leads to further imaging studies.

Laboratory Testing

Although multiple tests of intestinal absorption and others
have been proposed for diagnosis of chronic intestinal
ischemia, none has proven worthwhile. At present, there are
no laboratory abnormalities that are diagnostic.

Duplex Scanning

The atherosclerotic lesions that typically produce intestinal
arterial obstruction are usually located at the origin of the
vessels from the aorta and are actually protruding aortic
plaques in most (833). This feature makes the lesions suit-
able for diagnosis by duplex ultrasound. Duplex scanning of
visceral vessels is technically difficult but can be accom-
plished in more than 85% of subjects in the elective setting.
The test has an overall accuracy of approximately 90% for
detection of greater than 70% diameter stenoses or occlu-
sions of the celiac and superior mesenteric arteries when per-
formed in highly experienced laboratories (837-839).
Although the expected increase in intestinal arterial flow that
results from food ingestion can be detected and quantified by
duplex scanning, this information has not added to the diag-
nostic accuracy of the test for establishing whether abdomi-
nal symptoms that are present are the result of intestinal
ischemia (840).

Computed Tomography/MRA

Both contrast-enhanced CTA and gadolinium-enhanced
MRA are well suited for visualizing the typical atheroscle-
rotic lesions at the origins of the intestinal arteries that are
implicated in most cases of chronic intestinal ischemia.
These techniques are presently less suited for visualizing the
more distal intestinal arteries and for diagnosis of some of
the more unusual causes of intestinal ischemia.

Arteriography

Arteriograms provide definitive diagnosis of intestinal arteri-
al lesions. Lateral aortography is best suited for display of
the typical origin lesions, which may not be apparent on
frontal projections. The presence of an enlarged “arc of
Riolan” (an enlarged collateral vessel connecting the left
colic branch of the inferior mesenteric artery with the supe-
rior mesenteric artery) is an arteriographic sign of proximal
mesenteric arterial obstruction that is visible on anteroposte-
rior aortograms. Selective arteriography of the intestinal ves-
sels may fail to visualize the typical atherosclerotic origin
lesions because the selective catheter may be positioned
beyond them in the affected vessel.



tions is possible with a high technical success rate and few
complications in properly selected cases (844-849). Most
procedures have been performed to treat intestinal arterial
stenoses, with few attempting to treat occlusions. To date,
there have been no prospective therapeutic trials, and follow-
up information is limited; that which exists indicates that
elimination of the arterial obstruction is reliably followed by
relief of symptoms and weight gain. Several reports of con-
current series treated by angioplasty/stenting or surgery indi-
cate that recurrences after percutaneous procedures have
been more frequent than after open surgery, but many of the
recurrences can be managed by percutaneous interventions
(850). The results of several series are listed in Table 42. The
reported recurrence rates mandate careful follow-up of
patients treated with angioplasty and stents. As with open
surgery, recurrent symptoms have nearly always indicated
recurrent arterial obstruction.

4.2.5. Surgical Treatment

RECOMMENDATIONS

Class I
Surgical treatment of chronic intestinal ischemia is
indicated in patients with chronic intestinal ischemia.
(Level of Evidence: B)

Class IIb
Revascularization of asymptomatic intestinal arterial
obstructions may be considered for patients undergo-
ing aortic/renal artery surgery for other indications.
(Level of Evidence: B)

Class III
Surgical revascularization is not indicated for patients
with asymptomatic intestinal arterial obstructions,
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except in patients undergoing aortic/renal artery sur-
gery for other indications. (Level of Evidence: B)

Surgical treatment of chronic intestinal ischemia is accom-
plished by endarterectomy or bypass grafting, with the
majority of surgeons preferring the latter approach (836,851-
858). The overall operative mortality and durability of revas-
cularization in chronic cases described by multiple contem-
porary reports are listed in Table 42. Long-term patency and
relief of symptoms are the rule, with few recurrences; how-
ever, long-term follow-up is mandatory. Essentially all
symptomatic recurrences are the result of recurrent stenosis
or occlusion of visceral arteries or the reconstructions.
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Table 42. Single-Institution Comparisons of Mesenteric Angioplasty/Stenting Versus Surgery

Successfully 30-Day
First Author No. of Revascularized Mortality Recurrence
and Procedure Year Reference Patients (%) (%) (%)

Kasirajan* 2001 (850)
Angioplasty 28 93 11 27
Surgery 85 98 8 24

Rose† 1995 (850a)
Angioplasty/stenting 8 80 13 33
Surgery 9 100 11 22

Bowser‡ 2002 (850b)
Angioplasty/stenting 18 88 11 46
Surgery 22 100 9 19

*Surgical controls were historic; mean postprocedure follow-up was 3 years for both groups.
†Mean follow-up for surgery was 3 years; for angioplasty/stenting, 9 months.
‡Mean follow-up was 14 months.
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Dr Jules B. Puschett None None None None None
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NHDS = National Hospital Discharge Survey
OR = odds ratio
p = statistical significance
PAD = peripheral arterial disease
PARTNERS = PAD Awareness, Risk and Treatment:

New Resources for Survival (study)
PGE-1 = prostaglandin E1
phVEGF165 = vascular endothelial growth factor 

plasma DNA
PTA = percutaneous transluminal 

angioplasty
PTFE = polytetrafluoroethylene
PVR = pulse volume recording
RAS = renal artery stenosis
RRI = resistive index
ROS = review of symptoms
SVS/ISCVS = Society for Vascular Surgery/ 

International Society for Cardiac 
Vascular Surgery

TASC = TransAtlantic Inter-Society 
Consensus Working Group

TBI = toe-brachial index
3D = 3-dimensional
UK = United Kingdom
US = United States
USPSTF = United States Preventive Services 

Task Force
VA = Veterans Affairs
VEGF = vascular endothelial growth factor

APPENDIX 3. ABBREVIATIONS
ABI = ankle-brachial index
ACC = American College of Cardiology
ACE = angiotensin-converting enzyme
AHA = American Heart Association
ARIC = Atherosclerosis Risk in 

Communities study
bFGF = basic fibroblast growth factor
CI = confidence interval
CLI = critical limb ischemia
COPD = chronic obstructive pulmonary 

disease
CTA = computed tomographic angiography
DNA = deoxyribonucleic acid
DRASTIC = Dutch Renal Artery Stenosis 

Intervention Cooperative
EDTA = ethylenediaminetetraacetic acid
ESRD = end-stage renal disease
EUROSTAR = EUROpean collaborators on Stent-

graft Techniques for abdominal aortic
Aneurysm Repair

FDA = Food and Drug Administration
FMD = fibromuscular dysplasia
HDL = high-density lipoprotein
HMG = hydroxymethyl glutaryl
ICAVL = Intersocietal Commission for 

Accreditation of Vascular 
Laboratories

INR = international normalized ratio
LDL = low-density lipoprotein
MI = myocardial infarction
MMP = matrix metalloproteinases
MRA = magnetic resonance angiography
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