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Abstract

Renal artery stenosis (RAS) most commonly due to atherosclerosis, with fibromuscular dysplasia 

(FMD) the most frequent among other less common etiologies. A high index of suspicion based 

upon clinical features is essential for diagnosis. Revascularization strategies are currently a topic 

of discussion and debate. When revascularization is deemed appropriate atherosclerotic RAS is 

most often treated with stent placement while patients with fibromuscular dysplasia are usually 

treated with balloon angioplasty. Ongoing randomized trials should help to better define the 

optimal management of RAS.
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Introduction

Renal artery stenosis (RAS) is somewhat unusual as a vascular disorder although renal 

artery ischemia can present as one of several overlapping clinical syndromes. Although 

several disease states can cause renal artery stenosis (Table 1), the vast majority of patients 

are affected by atherosclerotic lesions with fibromuscular dysplasia a distant second. 

Atherosclerosis typically occurs in older individuals, may present with hypertension or renal 

insufficiency, and has an equal prevalence in men and women. In contrast fibromuscular 

dysplasia is more often seen in the young, in women, and is usually associated with 

hypertension without renal insufficiency.(1)

Diagnosis

With an understanding of the etiologic possibilities, consideration of the diagnosis of RAS 

should incorporate an understanding of the likely etiology (Table 2). One example would be 

a young (< 35 year old) woman who presents with resistant hypertension and normal renal 

function. It is reasonable to proceed with a non-invasive screening study such as Duplex 

ultrasound to rule out renovascular disease. A second example would be an elderly 
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gentleman with known atherosclerotic coronary artery disease who has difficult to control 

hypertension and mild chronic kidney disease. He should be evaluated for atherosclerotic 

renal artery stenosis with a non-invasive screening test.

Screening for Atherosclerotic Renal Artery Stenosis

A limited literature addresses the clinical factors that are predictive of finding 

atherosclerotic RAS and that may be useful in guiding appropriate screening. One of the 

early efforts, by Krijnen and coworkers in 1998 described clinical characteristics that were 

predictive of a RAS with imaging.(2) Importantly, in a follow-up publication in 2005 the 

results from the earlier work were validated. In brief, the authors demonstrated that older 

age, smoking history, and an elevated serum creatinine were significant predictors of 

atherosclerotic RAS in both the development and validation samples.(3)

Several other investigators have evaluated the utility of abdominal angiography at the time 

of cardiac catheterization, specifically focusing on the “risk factors” that are predictive of 

finding angiographically significant RAS. Cohen et. al. demonstrated that elevated serum 

creatinine, advanced age, peripheral vascular disease, multiplicity of cardiovascular 

medications, hypertension, female gender and multivessel coronary artery disease were 

important (Figure 1).(4) Others have described factors including multivessel coronary 

disease, diabetes, carotid disease, abdominal bruit, pulmonary edema, and advanced age as 

factors.(5) Several have created risk scores to predict which patients are likely to benefit 

from screening.(4,5)

A number of expert panels have evaluated the topic of screening for renal artery stenosis. 

The first was part of the American Heart Association/American College of Cardiology 

(AHA/ACC) guidelines committee on peripheral vascular disease (PVD), the second was a 

committee assembled by the AHA to evaluate screening at the time of cardiac 

catheterization.(6,7) The guidelines for screening are summarized in Table 3.

Diagnostic methods

Invasive angiography has been considered the “gold standard” for the diagnosis and 

evaluation of RAS. Currently the most commonly employed methodology is intra-arterial 

digital subtraction angiography (DSA). (8) Carbon dioxide can be utilized for intra-arterial 

angiography (9), but image quality is reduced and this may create greater uncertainty about 

lesion severity unless combined with judicious use of iodinated contrast (10).

Duplex ultrasonography is an excellent screening test for RAS since it is non-toxic, involves 

no exposure to ionizing radiation and, in capable hands, is reliable (11). The major limitation 

to this method is its dependence on technician skill for acquisition of adequate images. In 

duplex ultrasound, peak systolic and end-diastolic velocities of the renal artery as well as the 

ratio of velocities in the renal artery to the aorta are obtained. Sensitivities of 92.5% to 98% 

and specificities of 96% to 98% have been reported.(12,13) A number of factors may limit 

image quality and thus the diagnostic accuracy of the test including obesity, bowel gas, and 

recent food intake.
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Magnetic resonance angiography (MRA) and computerized tomographic angiography 

(CTA) are both non-invasive imaging methods which can visualize RAS (Figure 2). A meta-

analysis by Vasbinder suggests that Duplex is inferior to MRA and CTA, however, the 

safety of Duplex makes it ideal as an index strategy for evaluation of patients with suspected 

RAS. (14). They conclude that CTA and gadolinium-enhanced three-dimensional MRA 

were more reliable noninvasive tests. A later publication by the same authors compared 

DSA with CTA and MRA and found both techniques lacked sensitivity and specificity.(15) 

Other limitations of tomographic imaging include the risk of contrast nephropathy with CTA 

and nephrogenic sclerosing fibrosis when gadolinium is utilized with MRA in patients with 

renal insufficiency. Among patients with significant renal insufficiency, non–contrast MRA 

techniques such as balanced steady state free precession may be useful.(16)

An alternative strategy is to perform abdominal aortography when invasive angiography 

performed for other indications, such as peripheral arterial disease, or coronary disease in 

patients with a high likelihood of RAS. The obvious advantage is the ability to gain high 

quality diagnostic information during the already scheduled procedure. Limitations include 

increased contrast as the result of the aortic and renal imaging and the risk of 

atheroembolization if selective renal angiography is performed. For these reasons 

multidisciplinary guidelines were published in 2006.(7)

Another non-invasive test for RAS is captopril renography(17). Renography is dependent on 

comparative imaging of the right and left kidneys. Because the incidence of bilater RAS is 

approximately 30%, it makes a poor screening test. Subsequent meta-analysis has shown 

that captopril testing performs poorly compared to receiver operator curves of other non-

invasive techniques. (14) Captopril renography may be useful when trying to determine the 

physiologic significance of a known intermediate stenosis.

Treatment

The treatment of RAS is performed for 1) blood pressure control, treatment of heart failure 

and/or pulmonary edema, and prevention of nephropathy. In addition renal artery 

revascularization is indicated to facilitate management of unstable angina, refractory to 

medical therapy. There is now general agreement that a ‘cure’ of hypertension with 

revascularization is uncommon (<10%) in patients with atherosclerotic RAS and is more 

frequently seen after revascularization in patients with FMD (approximately 50%).(1) 

Importantly, across a variety of observational studies there appears to be a consistent and 

sustained blood pressure lowering effect of revascularization.(18,19) In several of the early 

randomized studies of balloon angioplasty compared to medical therapy, balloon angioplasty 

was more effective than medical therapy alone in reducing hypertension.(1) In two recent 

studies of renal stenting in patients with uncertain indications for treatment or mild to 

moderate RAS, the patients in the medical therapy arm appear to have a similar lowering of 

their blood pressure (20,21).

Considerable controversy exists regarding the use of revascularization of atherosclerotic 

RAS to treat or prevent the development of ischemic nephropathy. This controversy stems 

from an apparent disparity between the effectiveness of stenting observed in clinical practice 
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and practice-based registries versus the lack of effect seen in randomized studies. Several 

observational studies from the late 1990’s suggested that stent revascularization in patients 

with ischemic nephropathy and significant stenoses resulted in a slower rate of progression 

of nephropathy.(22,23) This effect has been described as stabilization. In a minority of 

patients, an actual improvement in renal function is seen with either stenting or surgical 

revascularization. (24) However, some patients experience a decline in kidney function that 

offset improvements seen in other patients. In contrast, there are now several randomized 

studies that have been conducted in patients with mild to moderate RAS or patients with 

uncertain indications for revascularization to determine the effect(s) of stenting on renal 

function. In general the following can be gleaned from the two most recent randomized trials 

of renal intervention.(20,21) The severity of the stenosis treated in these two trials were mild 

to modest and its not surprising that revascularization was not helpful. Core laboratories 

were not utilized for measurement of key study factors or outcomes such as lesion severity 

or renal function which were left to on-site reporting which is known to be highly variable 

and inconsistent. The skill level of the operators was uncertain and complication rates 

reported far exceeded those reported in the literature from skilled centers.

As a consequence, there still remains significant debate about revascularization in general, 

and more specifically our ability to discriminate between patients likely to benefit and those 

less likely to benefit from renal stenting.(25) One conclusion that can be made at this time, 

based upon the aggregate evidence, is that if stenting has effects that are superior to medical 

therapy for blood pressure control or renal function, the effects are likely modest and may 

not be present at all for patients with milder expressions of the disease. Furthermore, 

complications of a revascularization procedure have the potential to undermine the potential 

benefits.

Medical therapy

There has been considerable evolution in medical therapy for patients with ischemic renal 

disease. In the mid 1980’s there were observations demonstrating the potential for 

angiotensin converting enzyme (ACE) inhibitors to induce acute hemodynamically-

mediated renal failure in patients with RAS (26). As a consequence all ACE inhibitors and 

angiotensin receptor blockers (ARBs) now carry a “black box” warning. Recent 

observational data, however, suggest that ACE inhibitors are associated with better 

outcomes. Specifically, data from Hackam et al suggests that treatment of RAS with 

ACE/ARB is associated with lower cardiovascular event rates (10 vs 13%) and need for 

dialysis (1.5 vs. 2.5%) although this comes at the cost of an increased risk of hospitalization 

for acute renal failure (1.2 vs. 0.6%).(27) These agents may reduce the adverse 

consequences of activation of the renin angiotensin system, controlling blood pressure and 

limiting downstream effects. However, as is the case with all observational data, a 

significant limitation may be selection bias; such that patients with better renal function 

and/or less severe disease are treated with these agents resulting in an apparent improvement 

of outcome.

In parallel, there is a growing consensus that other agents used to control the atherosclerotic 

process are important for the care of patients with atherosclerotic RAS. Observational data 
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suggests that statins decrease death, limit lesion progression and promote restenosis-free 

survival.(28–31) There is general agreement that platelet inhibitors are important for the 

prevention of future cardiovascular events. However there is no data on antiplatelet agents 

effectiveness in patients with RAS.

Lifestyle Interventions

In addition to medical therapy, patients with atherosclerotic RAS need to be counseled 

regarding appropriate diet and lifestyle interventions. Specifically the therapeutic lifestyle 

changes recommended by the National Cholesterol Treatment Panel should be discussed 

with RAS patients (32). Furthermore all patients with atherosclerotic RAS and hypertension 

may benefit from the dietary recommendations, which include increased intake of fruits and 

vegetables, as well as dietary calcium through low fat dairy products.(33)

Revascularization

For patients with FMD the treatment of choice is balloon angioplasty.(34) A recent meta-

regression suggests that early reports of hypertension cure with angioplasty may have 

overstated the benefit and that a reasonable estimate of the likelihood of cure is 

approximately 50%, with younger patients more likely to achieve this outcome.(1) In a 

minority of FMD cases there will be concomitant aneurysms of the renal artery. Some are 

small and can be followed, others that are larger or that compress on the kidney may require 

treatment. Such treatment may include exclusion with stent grafts, coil occlusion or even 

surgical reconstruction.(35)

In patients with atherosclerotic RAS stenting has proven superior to balloon angioplasty in 

randomized trials and is the recommended treatment (Figure 3).(1, 36) Surgical bypass or 

reconstruction is an alternative, but at least one randomized trial found no benefit over 

angioplasty (37). More importantly several series, including a large recent review of the 

Medicare experience suggests high rates of adverse outcomes with surgery, including peri-

operative mortality of approximately 10% in this “real world” cohort.(38,39,40).

When stenting is performed there are a number of technical factors that should be 

considered as part of the procedure. Previously, Feldman and colleagues described the “no 

touch” technique for engaging a catheter into the renal artery (41). This technique is 

recommended to reduce the risk of atheroembolism. No embolic protection device is 

approved by FDA for use in the renal artery. Data regarding the use of embolic protection 

systems suggest this strategy is safe and may improve renal function outcomes.(42–45) 

However, a small randomized trial demonstrated a benefit of embolic protection only in 

patients also assigned to abciximab (a platelet glycoprotein IIbIIIa inhibitor).(46) Several 

stents are approved by FDA for use in the renal artery for the indication of failed balloon 

angioplasty (47), regardless of the fact that primary stenting is the standard of care for 

atherosclerotic RAS worldwide.
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Guidelines for treatment

The guidelines for treating RAS were published as part of the PAD guidelines in 2006 

through a joint AHA/ACC committee.(6) An outline of the recommendations is provided in 

Table 4. There are some limitations though to this work: 1) the recommendations are largely 

based on expert opinion or observational studies, and 2) they predate the reporting of several 

randomized studies. With these limitations in mind a few conclusions are still worthy of 

consideration. The guidelines generally recommend treatment for complicated hypertension 

(drug resistant, accelerated, malignant) and for kidney disease in a setting that may imply a 

causal relationship between the stenosis and loss of renal function (bilateral stenosis and 

progressive kidney disease as an example.) Finally the guidelines also acknowledge the 

potential relationship(s) between RAS and either CHF or unstable angina as a rationale for 

treatment.

Conclusion

RAS is a common problem that affects the young (FMD) and old (atherosclerosis), and 

rarely is caused by other conditions. Treatment of FMD with balloon angioplasty and anti-

hypertensive medications is well accepted. Treatment of atherosclerotic RAS remains 

somewhat controversial, largely due to the apparent disparity in results between 

observational cohorts suggesting a treatment advantage and randomized trials that have 

failed to detect such differences in treatment outcome. It is hoped that the reporting of 

ongoing studies may provide clarity in this area. (48)

Abbreviations

RAS Renal artery stenosis

FMD Fibromuscuclar Dysplasia

AHA American Heart Association

ACC American College of Cardiology

PVD Peripheral Vascular Disease

DSA Digital Subtraction Angiography

CTA computed Tomography Angiography

MRA Magnetic Resonance Angiography

ACE Angiotensin Converting Enzyme

ARB Angiotensin Receptor Blockers
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Figure 1. 
Relationship of age and creatinine with the prevalence of significant RAS.

From Cohen et al. Am Heart J 2005;150:1204.
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Figure 2. 
Screening renal computerized tomographic angiography.
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Figure 3. 
Successful renal artery stent placement.
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Table 1

Causes of main renal artery stenosis.

Fibromuscular dysplasia

Atherosclerosis

Traumatic thrombosis or avulsion: usually due to blunt trauma

Non-traumatic thrombosis: hypercoagulable states

Thromboembolism

Renal or aortic dissection

Renal artery aneurysm

Congenital

William’s syndrome

Takayasu’s arteritis
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Table 2

Increase risk of renal artery stenosis

• Onset of hypertension ≤ 30 yrs or ≥ 55 yrs.

• Malignant, accelerated, or resistant hypertension.

• Unexplained renal dysfunction.

• Development of azotemia with an ACE inhibitor or ARB medication.

• Unexplained size discrepancy of ≥ 1.5 cm between kidneys.

• Cardiac disturbance syndrome (flash pulmonary edema).

• Peripheral arterial disease (Abdominal Aortic Aneurysm or ABI < 0.9).

• Multivessel coronary artery disease.
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Table 3

Summary of current guidelines for screening patients with atherosclerotic RAS adapted from Hirsch et al: 

ACC/AHA 2006 guidelines for the management of patients with peripheral arterial disease.

Class I Class IIa Class IIb

Onset of hypertension before the age of 30 years. (Level of Evidence: B) Unexplained renal 
failure, including 
individuals starting 
renal replacement 
therapy(Level of 
Evidence: B)

Multivessel coronary artery disease 
and no clinical clues or PAD at the 
time of arteriography. (Level of 
Evidence: B)

Severe hypertension after the age of 55 years. (Level of Evidence: B) Unexplained congestive heart 
failure or refractory angina (see 
Section 3.5.2.4 of the full-text 
guidelines). (Level of Evidence: C)

a. Accelerated hypertension

b. Resistant hypertension

c. Malignant hyper-tension (Level of Evidence: C)

New azotemia or worsening renal function after the administration of an ACE 
inhibitor or an angiotensin receptor blocking agent. (Level of Evidence: B)

Atrophic kidney or a discrepancy in size between the 2 kidneys of greater than 
1.5 cm. (Level of Evidence: B)

Sudden, unexplained pulmonary edema (especially in azotemic patients). 
(Level of Evidence: B)
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Table 4

Summary of current guidelines for revascularization in patients with atherosclerotic RAS adapted from Hirsch 

et al: ACC/AHA 2006 guidelines for the management of patients with peripheral arterial disease.

Class I Class IIa Class IIb

1. Hemodynamically 
significant RAS and 
unexplained CHF or sudden 
unexplained pulmonary edema 
(Evidence level B)

1. Hemodynamically significant RAS and accelerated 
HTN, resistant HTN, HTN with unexplained unilateral 
small kidney and HTN with medication intolerance 
(Evidence level B)

1. Asymptomatic bilateral or solitary viable 
kidney with hemodynamically significant 
RAS (Evidence level C)

2. Bilateral RAS or RAS of solitary functioning kidney 
and progressive CKD (Evidence level B)

2. Unilateral hemodynamically significant 
RAS in a viable kidney (Evidence level C)

3. Hemodynamically significant RAS and unstable angina 
(Evidence level B)

3. Unilateral RAS and CKD (Evidence level 
C)
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