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Renal artery stenosis is considered to be one of the
more frequent causes of secondary arterial hyper-
tension. Through its progression renal artery steno-
sis can cause renal insufficiency, uncontrolled
hypertension, and increased cardiovascular morbid-
ity. A thorough clinical examination and the pres-
ence of a typical abdominal bruit may provide
helpful hints to identify hypertensive patients with
possible renal artery stenosis. Testing for renovas-
cular hypertension includes renal artery imaging,
assessment of its functional significance, and evalu-
ation for possible revascularization. Renal artery
stenosis secondary to fibromuscular dysplasia
should be mechanically corrected. For atheroscle-
rotic renal artery stenosis, medical management
can be attempted so long as it does not cause a
decline of kidney function. In patients who are
candidates for renovascular revascularization, sur-
gical intervention can be helpful in improving
blood pressure control and possibly halting the
progression of renal failure. Randomized controlled
trials comparing direct stenting with other surgical
methods are necessary to define the best revascular-
ization strategy in patients with renovascular
hypertension. A careful follow-up study after renal
artery revascularization should evaluate possible
benefits in halting the deterioration of chronic
renal insufficiency. (J Clin Hypertens.
2002;5:363–370) ©2002 Le Jacq Communications, Inc.

Since the experiment of Goldblatt et al.1 the renal
mechanisms generating and maintaining arterial

hypertension have been studied extensively.
Renovascular hypertension represents one of the
more frequent forms of secondary hypertension
and if properly treated can theoretically be cured. 

Several paradigm shifts occurred during the last
decades in the diagnosis and treatment of renovas-
cular hypertension. For the practicing physician the
following questions are of particular importance:
Do all renal artery stenoses cause hypertension?
Who should undergo testing for renovascular
hypertension? What is the “ideal” test to diagnose
renovascular hypertension? When should a patient
with documented renovascular hypertension be
referred for revascularization of the renal artery?
What type of revascularization (surgery or percu-
taneous intervention) is better? What are the crite-
ria of successful revascularization?

RENAL ARTERY STENOSIS AND
RENOVASCULAR HYPERTENSION 
Renal artery stenosis has been described by angio-
graphic2 and autopsy3 methods in both normoten-
sive and hypertensive subjects. Generally at least a
60 mm Hg decrease in mean renal arterial pressure
is necessary to generate significant changes in renal
physiology to produce an elevated blood pressure.4
Hence not all patients with renal artery stenosis
have concomitant hypertension or impairment of
kidney function.

The most frequent causes of renal artery steno-
sis are atherosclerosis and fibromuscular dysplasia.
It has been estimated that atherosclerotic renal
artery stenosis will progress if hypertension is not
corrected in 44% of subjects during the next 5
years after diagnosis, and in 16% of the cases it
may produce total arterial occlusion.5 The progres-
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sion of atherosclerosis in renal artery stenosis is
significantly associated with systolic hypertension,
diabetes mellitus, more than 60% stenosis (or
occlusion) in the ipsilateral or contralateral renal
artery, and a low ankle-brachial pressure index.6
Renovascular disease is estimated to account for
close to 20% of all patients with end-stage renal
disease entering a dialysis program; these patients
have been reported to have a 10-year survival rate
of 5%.7 This may have improved in recent years
with better therapy of hypertension. The involve-
ment of the contralateral renal artery has been
observed in up to 14% of the patients with docu-
mented unilateral atherosclerotic renal artery
stenosis during 2 years of close angiographic fol-
low-up.8 In patients with fibrous dysplasia the rate
of renal artery obstruction was 33% over 4 years
of follow-up; however there was no total occlusion
noted in this group of patients.5

The prevalence of renovascular hypertension
varies widely according to the studied popula-
tion: from 1% in the general population9,10 to
10% in patients referred for diagnostic testing at
specific centers.11 Thirty percent of patients with
angiographically documented coronary artery
disease have been found to have some degree of
renal artery stenosis, and in 15% of these
patients the stenosis was found to be hemody-
namically significant.12 Predictors for the pres-
ence of renal artery stenosis in subjects referred
for cardiac catheterization included age above

60, female gender, presence of peripheral vascu-
lar disease, and congestive heart failure, but not
arterial hypertension.12

A hemodynamically significant renal artery
stenosis will trigger the activation of the renin-
angiotensin system in the ischemic kidney, with
subsequent sodium and fluid retention and eleva-
tion of peripheral resistance. The resulting elevated
blood pressure, if not reduced, will in time affect
the opposite kidney. The damage of the contralat-
eral kidney can explain cases in which the treat-
ment of renal artery stenosis is not followed by
cure of hypertension.13 It also suggests the necessi-
ty for a timely diagnosis and treatment.

THE PATIENT WITH RENOVASCULAR
HYPERTENSION
Who Should Be Tested and What Test To Use
A number of clinical features in the hypertensive
patient may raise the suspicion of renovascular
hypertension and its probable etiology (Table I).
If the patient with probable renovascular hyper-
tension is a potential candidate for revasculariza-
tion then further testing is appropriate. Due to
low sensitivity and specificity, the measurement
of plasma renin activity (which, if high, may con-
firm activation of the renin-angiotensin system)
plays no role in the further diagnosis of renovas-
cular hypertension. Several tests are available,
and each has strengths and limitations (Table II).
Certain tests (intravenous urography, digital sub-
traction angiography) are used infrequently,
while others (Duplex ultrasonography, magnetic
resonance angiography, spiral computed tomo-
graphic angiography) are used more often and
will gain more importance in the future with
equipment and software refinement and operator
experience (Figure 1). Regardless of the method
used to image the renal arteries it is of paramount
importance to assess both the degree of stenosis
and its significance. 

The choice of the imaging test(s) to diagnose reno-
vascular hypertension is mostly dependent on local
facilities and local expertise. It has been recommend-
ed37 that testing should be “staged” according to the
pretest probability for renovascular hypertension: low
probability (<5%), no further testing; intermediate
probability (5%–15%), noninvasive testing first, fol-
lowed by renal arteriography if positive; and high
probability (>15%), renal arteriography. In most cases,
percutaneous revascularization can be done at the
same time as renal arteriography. Recent data32 show
that surgical or percutaneous revascularization may
not be successful in all cases of renal artery stenosis,

Figure 1. A normal magnetic resonance image of the
abdominal aorta and renal arteries



and that a noninvasively determined index from the
segmental renal arteries (renal resistance index calcu-
lated as [1 – {end-diastolic velocity divided by the peak
systolic velocity} × 100]) could reliably identify patients
with renal artery stenosis in whom revascularization
will not improve renal function, blood pressure, or kid-
ney survival. It seems reasonable to perform an initial
noninvasive test (e.g., Doppler ultrasonography) that
can predict the potential for therapeutic success before
attempting revascularization. 

TREATMENT OF RENOVASCULAR
HYPERTENSION
Which Method for Which Patient
The goal of treatment in patients with renovascular
hypertension is prevention and/or regression of tar-

get organ damage, where preservation of kidney
function plays a major role. It is important to
remember that in patients with known renovascu-
lar disease progressive deterioration of kidney
function may occur in some patients despite ade-
quate blood pressure control.38 In patients with
atherosclerotic renal artery disease aggressive treat-
ment of associated risk factors (e.g., dyslipidemia,
smoking, diabetes mellitus) is especially important. 

Medical, interventional, and surgical methods are
available for the treatment of renovascular hyper-
tension (Table III). Only a small number of random-
ized controlled trials comparing the efficacy of the
above mentioned methods, all with few patients
enrolled, diverse patient populations (widely varying
risk profiles), short follow-up periods, and different
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Table I. Characteristics of Renovascular Hypertension14–21

CLINICAL CHARACTERISTICS PATHOLOGIC BASIS OF RENOVASCULAR HYPERTENSION

ATHEROSCLEROSIS MEDIAL FIBROMUSCULAR DYSPLASIA

Morphology Intimal plaques Collagenous rings involving media

Age at onset >50 years <20 years

Duration >1 year Yes Yes

Gender risk None Women>Men

Race Caucasians>African Americans

Smoker status            Yes No

Coexistence of essential hypertension Yes No

Family history of hypertension Possible No

Manifest atherosclerotic involvement in other arterial beds
(e.g., carotids, coronaries)

Yes No

Association with aortic dissection Yes Yes

Abdominal/flank bruits; long, high-pitched systolic with
diastolic component, and localized to the region of the
renal artery. This murmur differs from other murmurs
secondary to atherosclerotic changes in abdominal blood
vessels. These are usually short low-pitched systolic bruits.

Yes Yes

Advanced fundus changes Yes Possible

“Refractory” hypertension Yes Yes

Recurrent pulmonary edema Suggestive of bilateral renal artery stenosis

Rapidly progressive oliguric renal failure in the absence of
obstructive uropathy

Suggestive of bilateral renal artery stenosis

Deterioration of renal function after ACE inhibitor therapy Suggestive of bilateral renal artery stenosis

Congestive heart failure Suggestive of bilateral renal artery stenosis

High plasma renin activity Yes Yes

Low serum potassium Yes Yes

Proteinuria Yes Yes

ACE=angiotensin-converting enzyme
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Figure 3. A fibromuscular dysplasia picture of the right
renal artery (arrow)

Figure 2. An atherosclerotic left renal artery stenosis.
The lumonal stenosis is shown (arrow)

Table III. Treatment Options in Renovascular Hypertension12,39–54

MEDICAL
TREATMENT

PERCUTANEOUS INTERVENTION SURGICAL TREATMENT

Preferential indications Patients
  before/after
  revascularization
Patients not
  candidates for
  revascularization
Patients who failed
  revascularization

Fibromuscular dysplasia>
  atherosclerotic disease
Unilateral>bilateral disease
Ostial renal artery disease
  (stent>balloon angioplasty)
Pediatric renovascular
  hypertension
Transplant renal artery stenosis
Renovascular disease in
  pregnancy

Atherosclerotic disease>
  fibromuscular dysplasia
Failed medical treatment and/or
  failed balloon angioplasty
Bilateral high-grade stenotic disease
Stenosis in a solitary kidney
Total renal artery occlusion
Preservation of kidney function
Concurrent aortic aneurysm/
  dissection

Methods Angiotensin-
  converting enzyme
  inhibitors, calcium
  channel blockers

Stenting superior to balloon
  angioplasty due to lower long-
  term restenosis

Endarterectomy
Aorto-renal artery bypass
Nephrectomy

Perioperative mortality 0.5% 1.7% (Isolated renal procedures);
  9.2% (combined procedures)

Complications Progressive
  chronic renal
  failure

Cholesterol emboli, occlusion of
  renal artery side branches, renal
  surgery, contrast nephropathy

Cholesterol emboli
Hemorrhage

Restenosis 24%–40% (balloon angioplasty
  alone)
12% (stenting)

Not reported

Patency rate 84%–95% 88.6% (19 Months follow-up)
86.7% (50 Months follow-up)

Blood pressure control 74% 47%–56% 82%

Renal function stabilization
or improvement

69% 86%
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approaches to assess their end points are available
(Table IV). Therapeutic recommendations should be
individualized according to the particular patient
and to available expertise.

Criteria of successful treatment address both blood
pressure control (“cure” or improvement) as well as
kidney function.60,61 Medical treatment may use
angiotensin-converting enzyme inhibitors (in cases of
unilateral renal artery stenosis with preserved kidney
function and normal contralateral kidney function)
with or without added calcium channel blockers
(which induce afferent arteriolar dilatation40). In most
cases, a diuretic is necessary for blood pressure control.
If renal function does not deteriorate and if blood pres-
sure control is achieved, medical treatment can be con-
tinued indefinitely.62 In patients undergoing any form
of revascularization, medical treatment should be con-
tinued, if needed, for blood pressure control. Usually
fewer antihypertensive agents are needed for adequate
hypertension control after revascularization. In many
of the cases that have had surgical correction of a renal
stenotic lesion the “high rates” of improvement have
included many cases of patients whose doses of antihy-
pertensive medications have been reduced but whose
blood pressure was not controlled by the procedure.
There are many reasons why this approach to defining
success could be questioned.

Surgical revascularization is an option for
patients with atherosclerotic renovascular disease.
Careful evaluation of atherosclerotic disease in
other vascular beds (e.g., coronaries, carotid arter-
ies, aorta) with adequate treatment, if needed,
before renal revascularization (bypass), reduces the
perioperative morbidity associated with surgical
intervention on the renal arteries.43

Since its initial description,63 percutaneous
transluminal angioplasty of renal artery stenosis
established itself as an efficient method of revascu-
larization in patients with renovascular disease.
Certain forms of renal artery stenosis (fibromuscu-
lar dysplasia, etc.), as shown in Table III, were con-
sidered “elective” indications for percutaneous
transluminal angioplasty from its beginning.64 The
introduction of stenting dramatically reduced the
rates of postprocedural restenosis and allowed suc-
cessful intervention of the ostial46,54 and of bilater-
al disease.48 Primary stenting of renal artery steno-
sis had a significant beneficial effect on blood pres-
sure control in patients with normal or mildly
impaired renal function at baseline over a 4-year
follow-up.45 Further refinement of the technique
(e.g., intravascular ultrasound-guided interven-
tions,35 distal embolization protection devices, use
of platelet inhibitors) may widen the spectrum of

the types of renovascular disease which might ben-
efit from percutaneous techniques. Future studies
will have to address the long-term effects of pri-
mary stenting on preservation of renal function in
addition to optimal blood pressure control.
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