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Renal artery stenosis is a common cause
of secondary hypertension with a rising in-
cidence due to systemic atherosclerosis in
an aging population. Patients with renovas-
cular disease complicated by refractory hy-
pertension, acute pulmonary edema, or
progessive renal dysfunction benefit from
aggressive medical therapy and may be con-
sidered for renal revascularization. Athero-
sclerotic renal artery stenosis (ARAS) ac-
counts for the majority of patients with re-
nal artery stenosis (RAS); however, the sub-
set of patients with fibromuscular dyspla-
sia (FMD) and hypertension represents a
unique group that benefits from renal ar-
tery revascularization.

CuinicaL FEATURES oF RENAL
ARTERY STENOSIS

Renovascular disease can result from
a number of pathophysiologic and ana-
tomic abnormalities. Rarely, renal artery
congenital malformations, renal artery vas-
culitides, renal artery aneurysms, embolic
phenomena, arteriovenous malformations
or fistulas, extrinsic compression of the

renal arteries, prior abdominal radiation
therapy, neurofibromatosis, Willian's syn-

to atherosclerotic plaque.

Figure 1. Non-selective distal abdominal aortic angiography
showing bilateral aorto-ostial atherosclerotic renal artery
stenoses (single right renal artery and 2 left renal arteries).
Note the luminal irregularities in the infrarenal abdominal
aorta and proximal portions of the iliac arteries secondary
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drome, spontaneous dissections and trau-
matic injury to the renal arteries, can re-
sult in renal artery pathology.""" Athero-
sclerotic renal artery disease and renal ar-
tery fibromuscular dysplasia are by far the
most common causes of RAS, with
atherosclerotic disease accounting for 80-
90% of RAS.'213 ARAS usually occurs in
the setting of systemic atherosclerotic car-
diovascular disease. It is common to iden-
tify coronary, carotid, aortic and periph-
eral arterial disease in patients with ARAS.

Atherosclerotic disease of the renal
artery usually involves the proximal 2 cm
of the renal artery, and aorto-ostial seg-
ment disease typically represents a con-
tinuum of aortic disease extending into
the main renal artery branch. (Figure 1)
Atherosclerotic typically
progresses, with 36-71% of lesions pro-
gressing to significant stenosis and 16%

progressing to total occlusion after 12-
14-18

disease

60 months of follow-up.

The prevalence of ARAS in the gen-
eral population is difficult to quantify and
varies depending on age and other vas-
cular comorbidities. One population-
based study that randomly screened eld-
erly patients in the
population found a
prevalence of 6.8%."
Typically patients with
ARAS tend to be older,
with traditional risk fac-
tors for cardiovascular
disease and associated
comorbidities such as
coronary artery disease
or cerebral vascular dis-
ease. In one study, 30%
of patients undergoing
cardiac catheterization
were incidentally found
to have RAS.® Signifi-
cant RAS can be found
in up to 70% of pa-
tients with evidence of

A |

atherosclerosis in other

vascular beds.?!
Hypertension, the

most common clinical

manifestation of RAS, is present in nearly
a third of patients with malignant or un-
controlled hypertension despite multi-
drug therapy. However, half of the pa-
tients with significant RAS do not have
hypertension, or their blood pressure is
well controlled on minimal therapy. Pro-
gressive RAS can lead to the development
of progressive renal failure, clinically sig-
nificant renal atrophy, and decreased life
expectancy.?> 2

The impact of RAS on the time to
development of renal replacement
therapy has not been well established due
to multiple confounding factors. How-
ever, the life expectancy of a patient on
hemodialysis with renovascular disease is
much shorter than that of a patient on
hemodialysis due to polycystic kidney dis-
ease or uncontrolled hypertension with-
out RAS.” This is likely due to the asso-
ciation of comorbid atherosclerotic car-
diovascular and cerebrovascular disease.
In fact, the presence of ARAS, even if
not hemodynamically significant, is asso-
ciated with premature cardiovascular
events (myocardial infarction, stroke, and
death), and the presence of ARAS in pa-
tients with coronary artery disease inde-
pendently doubles a patient’s risk of
death, even if coronary revascularization
is performed.”

FIBROMUSCULAR DYSPLASIA

FMD usually occurs in younger pa-
tients, mainly women age 15-50 years,
without systemic vascular disease or car-
diovascular risk factors. FMD accounts for
10-20% of adult cases of RAS.”® Patients
with FMD usually present with refractory
hypertension and rarely have renal dys-
function.”” The suspicion for FMD should
be raised in a younger woman with severe
or newly diagnosed hypertension.

FMD is sub-classified into three cat-
egories based on the layer of arterial wall
affected, intimal, medial and adventitial.
Medial FMD is the most common of the
three sub-groups by far in the adult
population.” While ARAS typically in-

volves the ostial and proximal segments
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Figure 2. Selective right renal angiography in a patient
with fibromuscular dysplasia extending from the distal
third of the main renal artery into the branch vessels. Note
the “beaded” appearance of the artery.

of the renal artery, FMD involves the mid
to distal segment of the main renal artery
and may extend into branches, with a
characteristic “beaded” angiographic
appearance.” (Figure 2)

FMD can affect the carotid, verte-
bral, iliac and mesenteric arteries, and
there is an association with cerebral ar-
tery aneurysms.” The diagnostic evalu-
ation of patients with suspected RAS
from FMD is similar to patients with

ARAS.

Clinical Evaluation and
Diagnosis

The clinical evaluation of patients
with suspected RAS should begin with
the history, physical examination and
basic laboratory testing. Patients with
hypertension, renal dysfunction or recur-
rent unexplained flash pulmonary edema
should raise suspicion for the diagnosis
of RAS, particularly in a patient with
known cardiovascular disease or with
multiple cardiovascular risk factors.

HYPERTENSIVE PATIENT

RAS is the most common cause of
secondary hypertension. RAS causes or
exacerbates hypertension via endocrino-
logic activation of the renin-angiotensin-
aldosterone axis. In patients with unilat-
eral RAS, elevated blood pressure is pre-
dominantly secondary to activation of
angiotensin II, which is a potent vasocon-
strictor, but volume expansion as a result
of excess aldosterone secretion is limited

by natriuresis of the con-
tralateral normally func-
tioning kidney.”? In pa-
tients with bilateral RAS or
with only one functioning
kidney, the natriuretic ef-
fect of the contralateral
kidney is lost and the el-
evated blood pressure is
maintained by volume ex-
pansion rather than
chronically elevated renin
levels.*° In the hyperten-
sive patient, there are sev-
eral clues that suggest the
diagnosis of a secondary
cause of hypertension such
as RAS.? (Table 1) Other
causes of secondary hyper-
tension include pheochro-
mocytoma, Cushing’s syn-
drome, Conn’s syndrome, obstructive
sleep apnea, coarctation of the aorta, hy-
pothyroidism, hyperparathyroidism and
medications such as oral contraceptives,
non-steroidal anti-inflammatory agents,
steroids, immunosuppresants, erythropoi-
etin derivatives, and some antidepres-
sants.*

RENAL DYSFUNCTION

RAS should be considered in the
patient with renal insufficiency without
hematuria or significant proteinuria and
bland urinary sediment. Specific patterns
of renal dysfunction exist that suggest
RAS as the etiology of the renal dysfunc-
tion.”! (Table 2)

CONGESTIVE HEART FAILURE
Certain patients with congestive
heart failure should raise the suspicion

of RAS.?! (Table 3)

DiagNosTICc IMAGING

After a thorough history and physical
examination, multiple diagnostic imaging
modalities exist to identify RAS. Magnetic
resonance angiography (MRA), computed
tomographic angiography (CTA), duplex
ultrasound (U/S) and conventional an-
giography are the main imaging tests for
the evaluation of RAS. All of the non-inva-
sive tests have similar sensitivity and speci-
ficity compared to conventional angiogra-
phy.3 Captopril renal scintigraphy, selec-
tive renal vein renin measurement
and plasma renin measurement with or
without captopril administration are no
longer recommended as initial diagnostic
tests for RAS due to their lack of sensitivity
and specificity, although they may still be
helpful in isolated circumstances.” Test
availability and patient factors are the main
determinants of the test to be used for di-
agnosis of RAS.

IMAGNETIC RESONANCE
ANGIOGRAPHY

MRA is an accurate, comprehensive
way to evaluate for RAS, and is now the
test of choice to diagnose RAS.?! The ben-
efits include its lack of ionizing radiation,
ability to visualize both main and acces-
sory renal arteries, the renal parenchyma,
and the aorta and adjacent mesenteric and
iliac arterial branches. MRA requires the
infusion of gadolinium as a contrast agent,
so caution should be used in patients with
renal insufficiency given the recently de-
scribed potentially fatal nephrogenic sys-
temic fibrosis secondary to gadolinium tis-
sue deposition in patients with renal in-
sufficiency.” Other limitations include
lack of widespread availability, long acqui-
sition and exam time resulting in claustro-
phobia in some patients, and limitations
of metallic artifact that preclude its use as
an imaging tool to follow patients with
prior renal stenting.”

Table 1. Clinical Scenarios suggesting renal artery stenosis

* New onset hypertension at age less than 30 or greater than 55
+ Severe, malignant hypertension (refractory to 3 or more medications,

including a diuretic)

+ Uncontrolled hypertension that was previously well controlled medically
* Hypertension in an individual without a family history of essential hyper-

tension

+ Severe hypertension causing refractory angina or congestive heart fail-

ure

+ Presence of an abdominal bruit on physical examination in a patient with

hypertension
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renal insufficiency

Table 2. Patterns of renal dysfunction that suggest
renal artery stenosis
» Development of worsening renal function after initiation of an ACE-I or
ARB (greater than 25% increase in creatinine)

+ Unexplained atrophy of kidneys (less than 8cm) or size discrepancy of
greater than 1.5cm between each kidney

+ Unexplained renal dysfunction, including those patients starting hemodi-

* Presence of an abdominal bruit on physical examination in a patient with

Table 3. Subsets of patients with congestive heart failure that
suggest renal artery stenosis

+ Recurrent pulmonary edema without significant coronary artery disease,
valvular disease or left ventricular dysfunction

+ Severe hypertension and otherwise unexplained congestive heart failure

COMPUTED TOMOGRAPHIC
ANGIOGRAPHY

CTA is a fast, effective, comprehen-
sive way to evaluate for RAS.?! The advan-
tages include its widespread availability,
short exam time, the ability to visualize the
main and accessory renal arteries, the renal
parenchyma and the abdominal aorta and
adjacent mesenteric and iliac arterial
branches. However, its use requires the
infusion of 100-150ml of iodinated con-
trast, which may limit its use in patients with
renal insufficiency. The exposure to radia-
tion may limit its use in younger patients or
in patients who require serial evaluations of
a stent after a revascularization procedure.
In addition, the metallic artifact of stents
may make it difficult to evaluate the sever-
ity of in-stent stenoses.

DUPLEX ULTRASOUND

Duplex ultrasound is a safe, effective
and inexpensive way to evaluate for RAS.
Ultrasound is portable and there is no ra-
diation or use of potential nephrotoxic
contrast agents. Anatomic and functional
information can be obtained about the
main renal arteries, renal size and appear-
ance. The diagnosis of renal artery steno-
sis is both based on anatomic appearance
and on doppler flow. The renal resistive
index is calculated based on doppler find-
ings. An abnormal renal resistive index
may identify patients with significant re-
nal parenchymal disease who may not ben-
efit from renal revascularization.®® Unfor-
tunately, ultrasound is highly operator and
patient dependent, with limited images in

obese patients or patients with significant
bowel gas. There is limited ability to evalu-
ate for accessory renal arteries. Ultrasound
is thus limited as an initial diagnostic test
for renal artery stenosis. However, ultra-
sound is an excellent test for serial evalua-
tions of stent patency after percutaneous
revascularization since there is no radia-
tion or contrast risk and images are not
limited by metallic stent artifact.

CONVENTIONAL ANGIOGRAPHY
Catheter-based angiography, long
considered the “gold standard” for the
evaluation of RAS, has largely been re-
placed by the non-invasive tests, but is still
very valuable in patients with equivocal
findings on non-invasive tests. Conven-
tional angiography may be especially
helpful in patients with suspected FMD,
as the sensitivity of non-invasive testing is
much lower in patients with FMD.”" In
patients without renal failure, the rate of
serious adverse outcomes with non-selec-
tive renal angiography, such as contrast-
induced nephropathy, bleeding or
atheroemboli, is low. American Heart
Association guidelines support the use of
non-selective renal angiography in pa-
tients undergoing diagnostic cardiac
catheterization or peripheral angiography
in whom there is a high suspicion of RAS,
especially if they are candidates for renal
revascularization.* Conventional angiog-
raphy is performed in all patients con-
sidered for percutaneous
revascularization.

renal

CLINICAL MANAGEMENT AND
MEDICAL THERAPY

Patients with known renovascular dis-
ease should be managed aggressively. The
goals of therapy should be normalization
of blood pressure, preservation of renal
function and prevention of cardiovascular
events.’! The use of multiple medications
to control blood pressure is often warranted
in patients with RAS. However, lowering
the blood pressure too much in patients
with RAS may hinder renal perfusion. Most
nephrologists will aim for a blood pressure
of 140/90 mmHg although data on spe-
cific BP targets in this population are lack-
ing. An ideal regimen includes an angio-
tensin converting enzyme inhibitor (ACE-
I) or angjotensin receptor blocker (ARB),
which directly counter the activation of the
renin-angjotensin system. These agents
should be used with caution in patients with
significant bilateral renal artery disease or
with a solitary kidney as they can decrease
renal perfusion.” A diuretic is frequently
employed in this setting to counter intra-
vascular volume overload. Monitoring of
electrolytes and creatinine is essential. In pa-
tients with concominant renal dysfunction,
nephrotoxic agents and nephrotoxic
medications should be avoided. Medical
therapy should also include aggressive man-
agement of atherosclerotic disease and car-
diovascular risk factors. In patients with
ARAS, therapy should include aggressive
lipid management, aspirin or anti-platelet
agents, antihypertensive therapy, aggressive
blood sugar control in diabetics, and smok-
ing cessation. A comprehensive history
should be obtained in patients with RAS
to evaluate for coronary artery disease, cere-
brovascular disease and peripheral arterial
disease. Patients should be monitored
closely for progression of RAS or failure of
medical therapy.

Patients with hypertension and FMD
can initially be managed medically, but the
clinician should have a low threshold for
referral for angiography and angioplasty
since the success rate of revascularization
and improvement in blood pressure con-
trol in this patient subset is very high.”

REVASCULARIZATION

Patients with clinically significant
RAS due to FMD are almost always re-
ferred for revascularization procedures;
however, significant controversy exists
about the role of revascularization in pa-
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tients with ARAS.¥? Revascularization
can be achieved surgically or
endovascularly with percutaneous
transluminal renal angioplasty (PTRA)

and possible stenting.

SURGERY

Due to the advent of PTRA and the
excellent results with stenting, the use of
surgical revascularization is now limited
to those individuals who have failed
PTRA, who have complex anatomy not
amenable to PTRA, or have concominant
abdominal aortic disease that warrants
surgical repair (such as a abdominal aor-
tic aneurysm).

ENDOVASCULAR

The use of PTRA has largely replaced
surgical techniques due to their less inva-
sive nature with faster recovery times and
decreased morbidity. The addition of
stenting to PTRA has significantly im-
proved procedural success rates and pro-
vided improved long term outcomes with
less need for repeat revascularization.?”
Endovascular techniques continue to im-
prove. The use of filter guide wires can
limit embolization of atheroma into the
distal renal arterioles. Stenting is used
mainly for ARAS at the ostium or proxi-
mal third of the main renal or accessory
renal arteries, whereas balloon angioplasty
alone has excellent success and a sustained
benefit for FMD.”

Significant controversy exists about
the role of revascularization in patients with
ARAS.
medical therapy versus surgery or PTRA %
Most do not include the use of modern
aggressive medical therapy nor do they

Several studies have evaluated

represent modern endovascular therapy
techniques with the use of stenting and
distal protection devices. PTRA alone
without stenting is limited by high
restenosis rates, and randomized trials have
suffered from small sample size and high
crossover rates from medical therapy to
PTRA. Randomized trials with PTRA and
stenting have shown improved blood pres-
sure control.’® The 2005 ACC/AHA
guidelines on the management of periph-
eral arterial disease address the current
expert opinion from multiple professional
societies on the
revascularization.? (Figure 3) The

role of renal

anatomy of the lesion and the clinical sta-
tus of the patient must be considered.

Anatomically, lesions are considered
significant if they are greater than 70%
stenotic or if they are 50-70% stenotic
with a pressure gradient greater than
20mmHg measured across them at the
time of angiography. Lesions with
doppler velocities greater than 300cm/
second by U/S are considered hemody-
namically significant as well. Clinically
symptomatic patients with unilateral or
bilateral disease may be considered for
revascularization. It is less clear if asymp-
tomatic patients with significant unilat-
eral disease and two functioning kidneys
will benefit from revascularization.
PTRA is usually performed in patients
with FMD even if the lesions appear less
than 70% stenotic as the true anatomic
caliber of the vessel is often underesti-
mated and clinical improvement can oc-
cur in patients with lesions that appear
mildly obstructive.

Factors predicting a poor outcome
from PTRA with or without stenting in-
clude patients with known progressive
intrinsic renal disease, known diabetic
nephropathy with significant proteinuria,

atrophic kidney (<7 cm), elevated renal
resistive index (>80), and advanced re-
nal failure (Cr > 3.5) since the likelihood
of renal recovery is low.?!

Due to the ongoing controversy
about the role of renal revascularization
in ARAS, ongoing randomized, con-
trolled trials including the CORAL (Catr-
diovascular Outcomes in Renal Athero-
sclerotic Lesions), STAR (Stenting in
Renal Dysfunction Caused
by Atherosclerotic Renal Artery Steno-
sis) and ASTRAL (Angioplasty and
Stent for Renal Artery Lesions) trials will
help to further define which patients are
best treated with aggressive medical
therapy versus medical therapy com-
bined with modern day endovascular
techniques.
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