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Who Is The Right 
Patient For The Renal 

Artery Duplex 
Examination?

Laurence Needleman, MD
Philadelphia, PA

Two approaches

• Identify risk profile for RAS. Can we identify clinical clues to predict RAS?
or 
• Study those likely to benefit from revascularization

• New wrinkle: renal denervation 
• “renal denervation presents a novel treatment strategy for patients with 

uncontrolled blood pressure.” AHA
• Patients with RAS greater than 50% have been excluded from trials

Hypertension

Hypertension is available at www.ahajournals.org/journal/hyp
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on Hypertension; Council on Peripheral Vascular Disease; and Council on Cardiovascular Radiology and Intervention

ABSTRACT: Renovascular disease is a major causal factor for secondary hypertension and renal ischemic disease. However, 
several prospective, randomized trials for atherosclerotic disease failed to demonstrate that renal revascularization is more 
effective than medical therapy for most patients. These results have greatly reduced the generalized diagnostic workup 
and use of renal revascularization. Most guidelines and review articles emphasize the limited average improvement and 
fail to identify those clinical populations that do benefit from revascularization. On the basis of the clinical experience of 
hypertension centers, specialists have continued selective revascularization, albeit without a summary statement by a 
major, multidisciplinary, national organization that identifies specific populations that may benefit. In this scientific statement 
for health care professionals and the public-at-large, we review the strengths and weaknesses of randomized trials in 
revascularization and highlight (1) when referral for consideration of diagnostic workup and therapy may be warranted, (2) 
the evidence/rationale for these selective scenarios, (3) interventional and surgical techniques for effective revascularization, 
and (4) areas of research with unmet need.
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This scientific statement has the overall goal of sum-
marizing the current status and identifying knowl-
edge gaps regarding renal revascularization for 

renovascular hypertension, ischemic nephropathy, and 
congestive heart failure. Renovascular disease refers 
to an occlusive vascular disease in arteries that per-
fuse one or both kidneys with attendant activation of 
pressor systems, sodium avidity, reduction in glomerular 
filtration rate, or all three. Therefore, clinical manifes-
tations of renovascular disease extend across diverse 
fields of hypertension, chronic kidney disease, and heart 
disease. For many years it was axiomatic that restoring 
renal blood flow, either surgically or using endovascu-
lar techniques, represented an essential therapeutic 
goal. Results of several prospective, endovascular inter-
ventional studies have challenged the value of routine 
clinical revascularization for atherosclerotic disease, 
because adding it to current medical therapy has not 
demonstrably improved overall clinical outcomes. These 

data are discordant with numerous observational stud-
ies demonstrating that successful restoration of blood 
flow can reverse complications of untreated renovas-
cular disease such as refractory hypertension or isch-
emic nephropathy, or both.1 Essentially all hypertension 
treatment guidelines, including those in 2017 to 2018 
from the American Heart Association and the European 
Society of Hypertension, emphasize the importance of 
treating secondary causes of hypertension including 
renovascular disease.2,3 A Kidney Disease Improving 
Global Outcomes Controversies Conference in 2020 
identified renal revascularization as a central priority in 
peripheral vascular disease.4 These issues have become 
more pressing as the goal blood pressure levels for opti-
mal cardiovascular outcomes have continued to fall. As 
a result, clinicians may struggle to weigh potential risks 
and benefits of renovascular intervention against those 
of refractory hypertension or progressive kidney injury, 
or both for an individual patient. This scientific statement 
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revascularization for blood pressure response or recov-
ery of renal function are reported.15

The prevalence of ARVD, visualized as >50% lumen ste-
nosis, increases in patients with traditional cardiovascular 
risk factors (age, male sex, smoking, hypercholesterolemia, 
low high-density lipoprotein, and peripheral artery disease), 
with the highest prevalence in patients with peripheral 
artery disease (14%–40%).13,19,20 Many of these lesions 
pose only minor hemodynamic effects until lumen occlu-
sion approaches 70% to 80%. The prevalence of reno-
vascular hypertension among patients with hypertension 
is estimated to be 0.1% to 5%.21–23 The prevalence of 
ARVD also increases with worsening severity of hyperten-
sion, for example, documented as 14% to 24% of patients 
with resistant hypertension undergoing catheterization for 
suspected cardiac atherosclerosis.24–26 In the prestatin era, 
ARVD commonly progressed with an increase in the degree 
of stenosis over time in 36% to 71% of patients.27–31

FMD is a group of noninflammatory, nonatherosclerotic 
arterial diseases affecting predominantly middle-aged 
women.32,33 In a US registry, the renal arteries are involved 

in 63% and hypertension is a presenting sign in 57% of 
patients.34 In a European registry, recruited primarily from 
hypertension specialty centers, the renal arteries are 
involved in >90%, and hypertension is a presenting sign 
in 72% of patients.33 About one-third of patients with mul-
tifocal FMD (the most common type) and 90% of patients 
with focal FMD warrant renovascular intervention35 (Fig-
ure 3). Other, but less common, causes of renovascular 
disease include renal artery aneurysm, dissection, extra-
vascular compression, infarction, mid aortic coarctation, 
partial or complete renal artery coverage by stent grafts, 
allograft inflow obstruction, and anatomic variants (eg, 
median arcuate ligament syndrome).

OBSERVATIONAL STUDIES 
Early studies of surgical revascularization after short-
term renal artery occlusion identify marked blood pres-
sure reduction and recovery of kidney function in some 
individuals.36 This was followed by extensive efforts to 
identify candidates for surgical revascularization with the 

Figure 2. Progression of renovascular disease and the limitations of revascularization. 
Central arrow depicts putative sequence of events associated with progressive vascular occlusion. Reductions in blood flow and perfusion 
pressure develop only after substantial lumen occlusion (>70%), leading to activation of the renin-angiotensin-aldosterone system. Bottom 
images depict blood oxygen level–dependent magnetic resonance slices mapping deoxyhemoglobin within the kidney. Despite reduced blood 
flow, renal oxygenation is significantly reduced only with severe and prolonged occlusion (bottom right), which is associated with activation of 
inflammatory injury, vascular rarefication, and tissue fibrosis. Renal revascularization can restore kidney perfusion and reverse these processes 
only under conditions that have not become permanent (depicted in red).
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Considered in aggregate, these trials indicate that 
most patients with atherosclerotic disease do not ben-
efit from vascular intervention when treated with optimal 
medical therapy. Most importantly, these data do not clar-
ify the criteria to identify people with clinical conditions 
and hemodynamically severe renal artery occlusive dis-
ease who may benefit from revascularization.

PATIENT POPULATIONS AND 
CHARACTERISTICS THAT 
WARRANT CONSIDERATION FOR 
REVASCULARIZATION 
Fibromuscular Dysplasia
Hypertension is diagnosed at a similar age in patients with 
FMD and in patients with essential hypertension.32 FMD-
related renovascular hypertension (Figure 3) should be 

suspected in those patients (particularly women) with 
early-onset, accelerated, malignant, or resistant hyper-
tension, a small kidney without uropathy, arterial bruit in 
the abdomen, flank, or neck‚ or FMD in another vascular 
territory (Table 2).32,62 The prevalence may be as high as 
7.5% among hypertensive women <50 years of age,63 
and computed tomographic angiography is the initial 
imaging modality of choice for diagnosis of renal FMD.64

When FMD-related renovascular hypertension is sus-
pected, catheter-based angiography with hemodynamic 
assessment is warranted to determine the need for angio-
plasty and assess for gradient obliteration after angio-
plasty64 (Supplemental Figure S1). Angioplasty without 
stenting is the recommended procedure when revascu-
larization is indicated, and a consensus-based protocol 
for catheter-based angiography and angioplasty has been 
recently published.64 Randomized controlled trials of revas-
cularization for hypertension in patients with FMD are not 
available. However, revascularization has been associated 
with cure of hypertension in observational studies. In a 
meta-analysis, cure rates, defined as <140/90 mm Hg 
without treatment, were 36% and 54% in 47 angioplasty 
and 23 surgery studies, respectively. Among those who 
underwent angioplasty, the probability of cure significantly 
decreased with increasing age and duration of hyperten-
sion.65 Also, angioplasty may be more effective in patients 
with focal versus multifocal FMD35,65 (Figure 3).

Refractory Hypertension
Treatment-resistant hypertension, as defined by uncon-
trolled hypertension despite ≥3 hypertensive classes of 
medications including a diuretic or by hypertension requir-
ing ≥4 antihypertensive classes of medications, is associ-
ated with worse cardiovascular outcomes and increased 
incidence of secondary hypertension.66–68 The true preva-
lence of ARVD in resistant hypertension is estimated to 
be 14% to 23% on the basis of studies in consecutive 
patients with poorly controlled hypertension undergo-
ing cardiac catheterization24,25 and 24% in patients with 
resistant hypertension referred for renal arteriography.26 
Multiple retrospective studies of patients with ARVD and 
resistant hypertension who underwent percutaneous 
angioplasty indicate that antihypertensive pill burden can 
decrease (Table 1).37 However, in controlled clinical trials, 
there are minimal differences in the number of medica-
tions in patients managed with revascularization and medi-
cal therapy versus medical therapy alone.

Progressive Kidney Function Decline
Progressive kidney function decline associated with 
severe hypertension and ARVD is common, but the inci-
dence of potentially preventable ischemic renal disease 
is unknown.69 In patients with existing renovascular dis-
ease, risk factors for progressive loss of kidney func-
tion or renal artery occlusion include severely elevated 

Table 2. Populations and Characteristics Considered for 
Renal Revascularization

Clinical populations

Unilateral renal artery stenosis with characteristic syndromes (see below)

Fibromuscular dysplasia with hypertension*

High-risk clinical syndromes*

 Rapidly progressive hypertension*

 Rapidly declining estimated glomerular filtration rate*

 Flash pulmonary edema*

Bilateral renal artery stenosis with progressive loss of renal functional mass

Single native kidney renal artery stenosis

Special populations:

  Renal allograft: transplant renal artery stenosis with or without calcineurin 
inhibitors

  Episodic, circulatory congestion with bilateral atherosclerotic renovascu-
lar disease

  Progressive loss of glomerular filtration rate with occlusive atherosclerotic 
renovascular disease and no other kidney disease (ischemic nephropathy)

 Aortic disease with renovascular protection as part of endovascular repair

 Left-ventricular assist device

 Radiation-induced renovascular disease with clinical syndromes

 Other diseases: eg, Takayasu arteritis, extrinsic vascular compression

 Pediatric patients with mid aortic syndrome or fibromuscular variants

Characteristics suggestive of clinical benefit from revascularization

Recent onset or exacerbation (<1 y) of hypertension*

Absence of proteinuria*

Identifiable activation of renin-angiotensin system*

 Hyperreninemia*

 With unilateral renal artery stenosis, lateralization of renal vein renin*

Younger age

Radiographic evidence of progressive renal artery occlusion

Treatment-resistant hypertension (documentation of hypertension by ambu-
latory blood pressure and medication adherence)

Angiotensin-dependent glomerular filtration rate

*Further details are available in the text. 
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Considered in aggregate, these trials indicate that 
most patients with atherosclerotic disease do not ben-
efit from vascular intervention when treated with optimal 
medical therapy. Most importantly, these data do not clar-
ify the criteria to identify people with clinical conditions 
and hemodynamically severe renal artery occlusive dis-
ease who may benefit from revascularization.

PATIENT POPULATIONS AND 
CHARACTERISTICS THAT 
WARRANT CONSIDERATION FOR 
REVASCULARIZATION 
Fibromuscular Dysplasia
Hypertension is diagnosed at a similar age in patients with 
FMD and in patients with essential hypertension.32 FMD-
related renovascular hypertension (Figure 3) should be 

suspected in those patients (particularly women) with 
early-onset, accelerated, malignant, or resistant hyper-
tension, a small kidney without uropathy, arterial bruit in 
the abdomen, flank, or neck‚ or FMD in another vascular 
territory (Table 2).32,62 The prevalence may be as high as 
7.5% among hypertensive women <50 years of age,63 
and computed tomographic angiography is the initial 
imaging modality of choice for diagnosis of renal FMD.64

When FMD-related renovascular hypertension is sus-
pected, catheter-based angiography with hemodynamic 
assessment is warranted to determine the need for angio-
plasty and assess for gradient obliteration after angio-
plasty64 (Supplemental Figure S1). Angioplasty without 
stenting is the recommended procedure when revascu-
larization is indicated, and a consensus-based protocol 
for catheter-based angiography and angioplasty has been 
recently published.64 Randomized controlled trials of revas-
cularization for hypertension in patients with FMD are not 
available. However, revascularization has been associated 
with cure of hypertension in observational studies. In a 
meta-analysis, cure rates, defined as <140/90 mm Hg 
without treatment, were 36% and 54% in 47 angioplasty 
and 23 surgery studies, respectively. Among those who 
underwent angioplasty, the probability of cure significantly 
decreased with increasing age and duration of hyperten-
sion.65 Also, angioplasty may be more effective in patients 
with focal versus multifocal FMD35,65 (Figure 3).

Refractory Hypertension
Treatment-resistant hypertension, as defined by uncon-
trolled hypertension despite ≥3 hypertensive classes of 
medications including a diuretic or by hypertension requir-
ing ≥4 antihypertensive classes of medications, is associ-
ated with worse cardiovascular outcomes and increased 
incidence of secondary hypertension.66–68 The true preva-
lence of ARVD in resistant hypertension is estimated to 
be 14% to 23% on the basis of studies in consecutive 
patients with poorly controlled hypertension undergo-
ing cardiac catheterization24,25 and 24% in patients with 
resistant hypertension referred for renal arteriography.26 
Multiple retrospective studies of patients with ARVD and 
resistant hypertension who underwent percutaneous 
angioplasty indicate that antihypertensive pill burden can 
decrease (Table 1).37 However, in controlled clinical trials, 
there are minimal differences in the number of medica-
tions in patients managed with revascularization and medi-
cal therapy versus medical therapy alone.

Progressive Kidney Function Decline
Progressive kidney function decline associated with 
severe hypertension and ARVD is common, but the inci-
dence of potentially preventable ischemic renal disease 
is unknown.69 In patients with existing renovascular dis-
ease, risk factors for progressive loss of kidney func-
tion or renal artery occlusion include severely elevated 

Table 2. Populations and Characteristics Considered for 
Renal Revascularization

Clinical populations

Unilateral renal artery stenosis with characteristic syndromes (see below)

Fibromuscular dysplasia with hypertension*

High-risk clinical syndromes*

 Rapidly progressive hypertension*

 Rapidly declining estimated glomerular filtration rate*

 Flash pulmonary edema*

Bilateral renal artery stenosis with progressive loss of renal functional mass

Single native kidney renal artery stenosis

Special populations:

  Renal allograft: transplant renal artery stenosis with or without calcineurin 
inhibitors

  Episodic, circulatory congestion with bilateral atherosclerotic renovascu-
lar disease

  Progressive loss of glomerular filtration rate with occlusive atherosclerotic 
renovascular disease and no other kidney disease (ischemic nephropathy)

 Aortic disease with renovascular protection as part of endovascular repair

 Left-ventricular assist device

 Radiation-induced renovascular disease with clinical syndromes

 Other diseases: eg, Takayasu arteritis, extrinsic vascular compression

 Pediatric patients with mid aortic syndrome or fibromuscular variants

Characteristics suggestive of clinical benefit from revascularization

Recent onset or exacerbation (<1 y) of hypertension*

Absence of proteinuria*

Identifiable activation of renin-angiotensin system*

 Hyperreninemia*

 With unilateral renal artery stenosis, lateralization of renal vein renin*

Younger age

Radiographic evidence of progressive renal artery occlusion

Treatment-resistant hypertension (documentation of hypertension by ambu-
latory blood pressure and medication adherence)

Angiotensin-dependent glomerular filtration rate

*Further details are available in the text. 
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Renovascular Hypertension

• Restoring blood flow has not demonstrated overall improved outcomes
• Renovascular hypertension is a manifestation of renovascular disease. This is a 

hemodynamic disorder. Ischemic nephropathy indicates permanent scarring from 
hypoxia, inflammation, fibrosis
• There are minor hemodynamic effects until 70-80% stenosis
• Atherosclerotic renovascular disease is present in 6.8% of the population over 65.
• 14-40% of people with PAD have stenosis greater than 50%
• Hypertensives: 0.1-5% renovascular hypertension
• Resistant hypertension (dxed at cardiac cath) is 14-24%
• FMD: renal involvement in 63%, hypertension as presenting signs in 57%
• Other diseases: aneurysm, dissection, comprestion, infraction, mid aortic 

syndrome, obstruction by stent grafts, transplant obstuction
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Suspected FMD

• Particularly women with early-onset
• Accelerated, malignant, resistant hypertension
• Small kidney
• May be 7-8% in hypertensive women younger than 50

Refractory hypertension

• Resistant hypertension is uncontrolled hypertension despite 3 or 
more hypertensive classes including a diuretic or hypertension 
requiring 4 or more clases
• 24% of patients referred for angiography for resistant hypertension 

have atherosclerotic renovascular disease
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Prevalence and Risk Factors of Renal Artery Stenosis in Patients
Undergoing Simultaneous Coronary and Renal Artery
Angiography: A Systematic Review and Meta-Analysis of
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Abstract: Background/Objectives: Renal artery stenosis (RAS) is associated with coronary artery
disease (CAD), exacerbation of arterial hypertension, and progression to heart failure, but remains
frequently unrecognized in clinical practice. Methods: We conducted a systematic review and
meta-analysis of studies by pooling data of patients undergoing CAG due to suspected or stable
CAD that received a bilateral renal artery angiography. Results: A total of 31 studies with
31,689 patients were included (mean age 63.2 ± 8.7 years, 20.9% were female). Overall, 13.4%
(95%CI 10.5–16.7%) of patients undergoing coronary angiography had significant RAS, with 6.5%
(95% CI 4.5–8.9%) and 3.7% (95%CI 2.5–5.2%) having severe and bilateral RAS. The mean weighted
proportion of patients with three-vessel coronary disease (3VD) was 25.1 (95%CI 19.6–30.9%)
while 4.2% (95%CI 2.6–6.2%) had left main (LM) coronary disease. Patients with RAS compared
to those without RAS were significantly older (mean difference, MD 4.2 years (95%CI 3.8–4.6)).
The relative risk of RAS was greater for the female sex (risk ratio, 95%CI; RR 1.3, 1.03–1.57),
presence of diabetes (RR 1.2, 1.10–1.36), arterial hypertension (RR 1.3, 1.21–1.46), dyslipidemia (RR
1.1, 1.06–1.14), peripheral artery disease (PAD) (RR 2.1, 1.40–3.16), chronic kidney disease (CKD)
(RR 2.6, 2.04–3.37), 3VD (RR 1.6, 1.30–1.87), and LM disease (RR 1.8, 1.28–2.47). Smoking had a
neutral effect on the risk of RAS occurrence (RR 1.0, 0.94–1.06). Conclusions: RAS is common in
patients undergoing coronary angiography. CKD, PAD, older age, and severe CAD were among
the strongest predictors for the presence of significant RAS.

Keywords: coronary artery disease; coronary angiography; prevalence; renal artery stenosis; risk factors

1. Introduction
Renal artery stenosis (RAS) is an important but frequently unrecognized clinical con-

dition. It shares common etiopathogenesis with other atherosclerotic diseases such as
coronary artery disease (CAD), cerebrovascular disease (CVD), or peripheral artery disease
(PAD) [1]. The detection of significant RAS is clinically relevant as the condition can perpet-
uate the progression of associated cardiovascular disease due to renovascular hypertension
and lead to heart failure due to cardiorenal syndrome with renin–angiotensin–aldosterone
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Figure 3. The pooled weighted proportions of three-vessel disease: Panel (A), based on available 
data from 14,771 patients and left main disease; Panel (B), based on available data from 10,670 
patients with CAD undergoing cardiac catheterization. 

The impact of anthropometric factors such as age and female sex and 
cardiovascular/clinical factors including diabetes mellitus (DM), arterial hypertension, 
dyslipidemia, smoking, chronic kidney disease (CKD), three-vessel coronary disease 
(3VD), left main (LM) disease, and peripheral artery disease (PAD) were evaluated for the 
potential association with RAS occurrence in the meta-analysis. As shown in Table 3 and 
in the order of decreasing magnitude, CKD was found to be the most robust predictor of 
RAS as it was associated with a more than 2.5-fold increase in the relative risk of RAS 
compared to patients without CKD. This was followed by PAD and LM disease that were 
associated with a 2-fold and 1.8-fold increases in the relative risk of RAS occurrence. 
Likewise, 3VD was associated with a 56% relative risk increase in RAS. 

Table 3. Clinical factors associated with the risk of RAS occurrence during coronary angiography in 
CAD patients. 

Variable 
Risk Ratio 

(RR) 
95% Con! dence 

Interval 
! -Value Heterogeneity * 

Female sex 
N = 27 studies 

1.27 1.03–1.57 0.030 
High 

I2 = 92% 
Diabetes mellitus 

N = 28 studies 
1.22 1.10–1.36 <0.001 

Moderate 
I2 = 57% 

Arterial hypertension 
N = 19 studies 

1.33 1.21–1.46 <0.001 
High 

I2 = 94% 
Dyslipidemia 
N = 24 studies 

1.10 1.06–1.14 <0.001 
Moderate 
I2 = 59% 

Current smoking 
N = 24 studies 

1.00 0.94–1.06 0.930 
Low 

I2 = 26% 
Chronic kidney disease 

N = 13 studies 
2.62 2.04–3.37 <0.001 

Moderate 
I2 = 66% 

Three-vessel disease 
N = 17 studies 

1.56 1.30–1.87 <0.001 
High 

I2 = 81% 
Left main disease 1.78 1.28–2.47 <0.001 Moderate 

Figure 3. The pooled weighted proportions of three-vessel disease: Panel (A), based on available data
from 14,771 patients and left main disease; Panel (B), based on available data from 10,670 patients
with CAD undergoing cardiac catheterization.

Table 3. Clinical factors associated with the risk of RAS occurrence during coronary angiography in
CAD patients.

Variable Risk Ratio (RR) 95% Confidence Interval p-Value Heterogeneity *

Female sex
N = 27 studies 1.27 1.03–1.57 0.030 High

I2 = 92%

Diabetes mellitus
N = 28 studies 1.22 1.10–1.36 <0.001 Moderate

I2 = 57%

Arterial hypertension
N = 19 studies 1.33 1.21–1.46 <0.001 High

I2 = 94%

Dyslipidemia
N = 24 studies 1.10 1.06–1.14 <0.001 Moderate

I2 = 59%

Current smoking
N = 24 studies 1.00 0.94–1.06 0.930 Low

I2 = 26%

Chronic kidney disease
N = 13 studies 2.62 2.04–3.37 <0.001 Moderate

I2 = 66%

Three-vessel disease
N = 17 studies 1.56 1.30–1.87 <0.001 High

I2 = 81%

Left main disease
N = 10 studies 1.78 1.28–2.47 <0.001 Moderate

I2 = 52%

Peripheral artery disease
N = 13 studies 2.11 1.40–3.16 <0.001 High

I2 = 94%

* The heterogeneity of each meta-analysis was determined by a chi-square (! 2) test of heterogeneity and the
Higgins I2 statistic, and the following criteria were applied: studies with an I2 statistic of 15% to <35% were
considered to have low heterogeneity; those with an I2 statistic of >35% to 75% were considered to exhibit a
moderate heterogeneity; and those with an I2 statistic of >75% were considered to exhibit a high heterogeneity.

Detailed analyses with generated visual funnel plots (publication bias) and forest plots
of individual clinical risk factors and consequent risk ratios comparing patients with RAS
vs. non-RAS are provided in Supplementary Materials (Supplemental Figures S1–S15).

Schwarz K, Straume 
Bah I, Will M et al. 
Prevalence and Risk 
Factors of Renal 
Artery Stenosis in 
Patients Undergoing 
Simultaneous 
Coronary and Renal 
Artery Angiography: A 
Systematic Review 
and Meta-Analysis of 
31,689 Patients from 
31 Studies. Diseases. 
2024; 12: 208.
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Characteristics Suggestive of Clinical Benefit 
from Revascularization
• New-onset hypertension
• Hypertension less than 1 year had nearly double cure or improvement 
• Duration less than 5 years also had significantly higher cure rate.

! !"#$%"&'($)*%$+"&*'+,%$"-$)*#.$*&'/$&'.00)*$1$+*23%#.$%

• Nonproteinuric hypertension with unilateral disease.
• Proteinuria can be a sign of irreversible kidney damage.

• Lateralization of renin activity , especially when associated with short 
duration of hypertension

Kidney function decline

• 11-22% of patients initiating hemodialysis have bilateral renovascular 
disease
• Good sign for revascularization when kidney volume exceeds what 

GFR would suggest. 

Other criteria to consider in CKD

• Renal size
• Less than 7 cm in long dimension unlikely to recover from revascularization
• Renal volume, cortical size also suggested

! 40%5"&*10&35$*6'#.*&06*23+,#'0+*5"7*8$*2"10%"8&$

• Biopsy with interstitial fibrosis/atheroemboli unlikely to recover renal 
function
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renal artery stenosis (the Dutch Renal Artery Stenosis
Intervention Cooperative study) [21]. Patients were
included if they had persistent hypertension (deÞned
as a diastolic blood pressure of 95 mmHg or higher)
despite a standardized two-drug regime and a normal
or mildly impaired renal function (deÞned as a serum
creatinine concentration of 200mmol/l or less). The rule
predicted the presence of renal artery stenosis at angio-
graphy according to the local radiologist (ÔoutcomeÕ). To
determine the degree of atherosclerotic stenosis, the
diameter of the most severely affected part of a renal
artery was measured and related to the reference
diameter, which was deÞned as the diameter of a repre-
sentative non-affected portion of the artery, preferably
immediately beyond the site of post-stenotic dilation if
present. Fibromuscular dysplasia was diagnosed when
multiple aneurysms separated by focal narrowing (Ôstring-
of-beadsÕ sign) were observed. A luminal narrowing of
at least 50% as well as all cases of Þbromuscular dysplasia
were deÞned as clinically relevant renal artery stenosis.
The prediction rule included the following risk factors for
renal artery stenosis (predictors): age, sex, signs and sym-
ptoms of vascular disease, recent hypertension, smoking
history, obesity, abdominal bruit, serum creatinine con-
centration and hypercholesterolemia. Logistic regression
coefÞcients for the clinical predictors were estimated. To
facilitate practical use, a simple score chart was constructed
on thebasisof the regressioncoefÞcients. The riskscore for
an individual patient (Table 1) can be used to read the
patientÕs probability of stenosis from a graph [6].

Validation of the prediction rule
The validation sample consisted of 180 patients who
participated in a prospective multicentre cohort study
in The Netherlands designed to compare the value of
computed tomography angiography (CTA) and magnetic
resonance angiography (MRA) with that of conventional
intra-arterial subtraction angiography for the diagnosis of
renal artery stenosis (the ÔRADISHÕ study) [22]. The
study was approved by the medical ethics committee
at each of six participating centres. Written informed
consent was obtained from all patients. In the study,
402 consecutive patients were referred for evaluation
of hypertension between November 1998 and November
2001. These clinics had previously contributed 12% of
the patients in the development sample. Of the 402
patients, 213 met the inclusion criterion of drug-resistant
hypertension (deÞned as a diastolic blood pressure of
95 mmHg or higher, despite the use of two or more
antihypertensive drugs) and a normal or mildly impaired
renal function (deÞned as a serum creatinine concen-
tration lower than 200mmol/l). Eleven patients were
excluded from the validation sample because conven-
tional angiography (the reference test) was not per-
formed, and 16 patients were excluded because of
missing data on one or more of the clinical predictors.
Six patients with an increase in the serum creatinine
concentration after use of an angiotensin-converting
enzyme inhibitor were also excluded from the validation
sample, because this condition is considered an indica-
tion for angiography given the high risk of renal artery
stenosis [23]. Of the remaining 180 patients, complete
data on clinical predictors and renal artery stenosis
(outcome) were available. The predictors were deÞned
as in the development sample except for vascular
disease and smoking history (see Table 2 for details).
Renal artery stenosis on conventional intra-arterial
subtraction angiography was evaluated by a panel of four
vascular radiologists in the same way as in the deve-
lopment sample. Data on predictors and outcome were
prospectively collected on standardized case record forms
by the treating physicians.

Data analysis
We reÞtted the logistic regression model in the validation
sample to compare the value of the predictors for renal
artery stenosis in the validation sample with that of these
predictors in the development sample. Next, we assessed
the validity of the published prediction rule (i.e. without
reÞtting the regression model) in the validation sample,
where we studied the agreement between the predicted
and observed probabilities of stenosis (ÔreliabilityÕ or
ÔcalibrationÕ), and the ability of the model to distinguish
between patients with stenosis and those without stenosis
(ÔdiscriminationÕ) [20,24]. The agreement between pre-
dicted probabilities and observed frequencies of the
outcome was evaluated visually in a calibration plot. The
U-statistic was used to test whether the agreement was

1584 Journal of Hypertension 2005, Vol 23 No 8

Table 1 Prediction rule for quantifying the probability of renal artery
stenosis

Predictor

Scorea

Persons
who never smoked

Former or
current smokers

Ageb

20 years 0 3
30 years 1 4
40 years 2 4
50 years 3 5
60 years 4 5
70 years 5 6

Female sex 2 2
Signs and symptoms of atherosclerotic

vascular diseasec
1 1

Onset of hypertension within 2 years 1 1
Body mass index< 25 kg/m2 2 2
Presence of abdominal bruit 3 3
Serum creatinine concentrationb

40 mmol/l 0 0
60 mmol/l 1 1
80 mmol/l 2 2
100 mmol/l 3 3
150 mmol/l 6 6
200 mmol/l 9 9

Serum cholesterol level> 6.5 mmol/l or
cholesterol-lowering therapy

1 1

Reprinted with permission from Krijnenet al. [6]. aThe sum score is obtained by
adding all relevant scores. The sum score can be used to obtain the predicted
probability of renal artery stenosis from Figure 1.bFor intermediate values, the
score can be linearly interpolated.cFemoral or carotid bruit, angina pectoris
claudication, myocardial infarction, cerebrovascular accident, or vascular surgery.
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Validation of a prediction rule for renal artery stenosis
Pieta Krijnena, Ewout W. Steyerberga, Cornelis T. Postmab, Karin Flobbec,
Peter W. de Leeuwd and M.G. Myriam Huninke,f

Objectives We previously developed a prediction rule to
estimate the probability of renal artery stenosis. This rule
should be validated before it can be used reliably to select
hypertensive patients for renal angiography. We determined
the validity of the prediction rule in recent patients and in
other settings.

Design We studied three aspects of validity (agreement
between predicted and observed probability of stenosis,
discriminative ability, and clinical usefulness) in 180
consecutive patients with drug-resistant hypertension and
normal or mildly impaired renal function, who visited six
hypertension clinics of academic and community hospitals
in the Netherlands. Thirty-Þve patients (19%) had a
signiÞcant stenosis.

Results The clinical characteristics in the rule (age, sex,
vascular disease, recent onset of hypertension, smoking,
body mass index, abdominal bruit, serum creatinine
concentration, and hypercholesterolemia) had similar
predictive value in the validation sample and development
sample. The predicted probabilities of stenosis agreed well
with the observed frequencies (HosmerÐLemeshow
goodness-of-Þt test, P U 0.87). The prediction rule
discriminated reasonably between patients with and
without stenosis in the validation sample with an area under
the receiver operating characteristic curve of 0.71. If only
patients with predicted probabilities of stenosis of 5% or

more were referred for renal angiography, the number of
referrals was reduced by 20%, while 9% of patients with a
stenosis were missed.

Conclusions The prediction rule was valid in more recently
treated patients in other settings. If used conservatively, the
rule can reliably exclude a small proportion of patients from
angiography. J Hypertens 23:1583Ð1588 Q 2005 Lippincott
Williams & Wilkins.
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Introduction
Renal artery stenosis may cause hypertension and renal
failure. Many of the patients with renal artery stenosis
who have hypertension or renal insufÞciency can be
treated successfully with balloon angioplasty, with or
without stenting [1,2]. For this reason, the presence of
renal artery stenosis should be evaluated in patients with
renal failure and in patients with hypertension that can-
not be controlled adequately by aggressive medical
therapy. The reference test for Þnding renal artery ste-
nosis is intra-arterial subtraction angiography, but this is
an invasive and costly procedure.

Clinical characteristics are useful to select patients with
hypertension for renal angiography [3Ð5]. We previously
developed a clinical prediction rule to identify patients
with a high risk of renal artery stenosis on the basis of their
clinical characteristics [6]. The rule was developed in a
sample of 460 patients with drug-resistant hypertension

and normal or mildly impaired renal function. The pre-
dictions of the rule were internally validated for this
patient group. The prediction rule seems to be accepted
on a wide scale [7Ð18].

Before the rule can be applied reliably in clinical practice,
the validity of its predictions should be tested in other
groups of similar patients and in other settings [19,20].
The purpose of this study was to determine the validity
of the prediction rule in patients who were treated more
recently in other hospitals than the patients in the deve-
lopment sample.

Patients and methods
Development of the prediction rule
The prediction rule was developed in a sample of 460
patients [6] who participated in a large multicentre study
in The Netherlands designed to evaluate the diagnostic
workup and treatment of patients suspected of having

Original article 1583
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Clinical clues for RAS

• New onset hypertension in patient less than 30 or greater than 55
• Accelerated or resistant hypertension
• Severe hypertension with other areas of known atherosclerosis
• Unexplained deterioration of kidney function on treatment.
• Renal function deterioration after ACE inhibitor, angiotensin receptor blocker, 

EVAR 
• Atrophic kidney (around 8 cm)
• Difference of kidney size more than 1.5 cm.
• Flash pulmonary edema
• Systolic heart failure (54% had evidence of renal artery disease)
• Abdominal bruit
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Considered in aggregate, these trials indicate that 
most patients with atherosclerotic disease do not ben-
eÞt from vascular intervention when treated with optimal 
medical therapy. Most importantly, these data do not clar-
ify the criteria to identify people with clinical conditions 
and hemodynamically severe renal artery occlusive dis-
ease who may beneÞt from revascularization.

PATIENT POPULATIONS AND 
CHARACTERISTICS THAT 
WARRANT CONSIDERATION FOR 
REVASCULARIZATION 
Fibromuscular Dysplasia
Hypertension is diagnosed at a similar age in patients with 
FMD and in patients with essential hypertension.32 FMD-
related renovascular hypertension (Figure 3) should be 

suspected in those patients (particularly women) with 
early-onset, accelerated, malignant, or resistant hyper-
tension, a small kidney without uropathy, arterial bruit in 
the abdomen, ßank, or neckâ or FMD in another vascular 
territory (Table 2).32,62 The prevalence may be as high as 
7.5% among hypertensive women <50 years of age,63 
and computed tomographic angiography is the initial 
imaging modality of choice for diagnosis of renal FMD.64

When FMD-related renovascular hypertension is sus-
pected, catheter-based angiography with hemodynamic 
assessment is warranted to determine the need for angio-
plasty and assess for gradient obliteration after angio-
plasty64 (Supplemental Figure S1). Angioplasty without 
stenting is the recommended procedure when revascu-
larization is indicated, and a consensus-based protocol 
for catheter-based angiography and angioplasty has been 
recently published.64 Randomized controlled trials of revas-
cularization for hypertension in patients with FMD are not 
available. However, revascularization has been associated 
with cure of hypertension in observational studies. In a 
meta-analysis, cure rates, deÞned as <140/90 mm Hg 
without treatment, were 36% and 54% in 47 angioplasty 
and 23 surgery studies, respectively. Among those who 
underwent angioplasty, the probability of cure signiÞcantly 
decreased with increasing age and duration of hyperten-
sion.65 Also, angioplasty may be more effective in patients 
with focal versus multifocal FMD35,65 (Figure 3).

Refractory Hypertension
Treatment-resistant hypertension, as deÞned by uncon-
trolled hypertension despite �t3 hypertensive classes of 
medications including a diuretic or by hypertension requir-
ing �t4 antihypertensive classes of medications, is associ-
ated with worse cardiovascular outcomes and increased 
incidence of secondary hypertension.66Ð68 The true preva-
lence of ARVD in resistant hypertension is estimated to 
be 14% to 23% on the basis of studies in consecutive 
patients with poorly controlled hypertension undergo-
ing cardiac catheterization24,25 and 24% in patients with 
resistant hypertension referred for renal arteriography.26 
Multiple retrospective studies of patients with ARVD and 
resistant hypertension who underwent percutaneous 
angioplasty indicate that antihypertensive pill burden can 
decrease (Table 1).37 However, in controlled clinical trials, 
there are minimal differences in the number of medica-
tions in patients managed with revascularization and medi-
cal therapy versus medical therapy alone.

Progressive Kidney Function Decline
Progressive kidney function decline associated with 
severe hypertension and ARVD is common, but the inci-
dence of potentially preventable ischemic renal disease 
is unknown.69 In patients with existing renovascular dis-
ease, risk factors for progressive loss of kidney func-
tion or renal artery occlusion include severely elevated 

Table 2.  Populations and Characteristics Considered for 
Renal Revascularization

Clinical populations

Unilateral renal artery stenosis with characteristic syndromes (see below)

Fibromuscular dysplasia with hypertension*

High-risk clinical syndromes*

 Rapidly progressive hypertension*

 Rapidly declining estimated glomerular Þltration rate*

 Flash pulmonary edema*

Bilateral renal artery stenosis with progressive loss of renal functional mass

Single native kidney renal artery stenosis

Special populations:

  Renal allograft: transplant renal artery stenosis with or without calcineurin 
inhibitors

  Episodic, circulatory congestion with bilateral atherosclerotic renovascu-
lar disease

  Progressive loss of glomerular Þltration rate with occlusive atherosclerotic 
renovascular disease and no other kidney disease (ischemic nephropathy)

 Aortic disease with renovascular protection as part of endovascular repair

 Left-ventricular assist device

 Radiation-induced renovascular disease with clinical syndromes

 Other diseases: eg, Takayasu arteritis, extrinsic vascular compression

 Pediatric patients with mid aortic syndrome or Þbromuscular variants

Characteristics suggestive of clinical beneÞt from revascularization

Recent onset or exacerbation (<1 y) of hypertension*

Absence of proteinuria*

IdentiÞable activation of renin-angiotensin system*

 Hyperreninemia*

 With unilateral renal artery stenosis, lateralization of renal vein renin*

Younger age

Radiographic evidence of progressive renal artery occlusion

Treatment-resistant hypertension (documentation of hypertension by ambu-
latory blood pressure and medication adherence)

Angiotensin-dependent glomerular Þltration rate

*Further details are available in the text. 
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