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Chapter 24
In Patients with Renovascular Hypertension Is 
There a Role for Open or Endovascular 
Revascularization Compared to Medical 
Management?

Joie C. Dunn, Sung Wan Ham, and Fred A. Weaver

Abstract Renovascular hypertension occurs when an existing renal artery stenosis 
(RAS) leads to hypoperfusion of the juxtaglomerular apparatus of the kidney result-
ing in an increase in renin production with subsequent up regulation of the renin- 
angiotensin- aldosterone system. The most common pathology of RAS is 
atherosclerosis. Non-atherosclerotic etiologies of RAS include fibromuscular dys-
plasia (FMD), dissection, trauma, congenital hypoplastic syndromes and arteritis. 
Both medical management, and endovascular (angioplasty/stenting) or open revas-
cularization strategies have been used to treat the hypertensive diathesis, however 
comparative data of the competing strategies is limited.

Recent randomized trials have demonstrated that medical management should be 
the first line therapy for patients with atherosclerotic RAS with revascularization, by 
either endovascular or open surgical technique, being reserved for patients with 
resistant hypertension (blood pressure greater than 140/90 despite maximum toler-
ated doses of three antihypertensive with one being a diuretic), non-cardiac flash 
pulmonary edema, or bilateral severe RAS (>90 %) associated with renal dysfunc-
tion (ischemic nephropathy).

Our recommended initial treatment strategy for atherosclerotic RAS mediated 
renovascular hypertension is optimal medical management. Renal artery angio-
plasty/stenting is safe with high degree of technical success, and should be  
considered as the first line of revascularization therapy. Open surgical revascu-
larization is reserved for patients with renal artery anatomy not amenable to 
endovascular  revascularization such as a renal artery occlusion and renal artery 
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disease associated with extensive aortic occlusive or aneurysm disease requiring 
open repair.

Keywords Renovascular hypertension • Renal artery stenosis • Endovascular  
• Stenting

 Introduction

Renovascular hypertension occurs when an existing RAS leads to hypoperfusion of 
the juxtaglomerular apparatus of the kidney resulting in an increase in renin produc-
tion with subsequent up regulation of the renin-angiotensin-aldosterone system. 
Atherosclerosis accounts for more than 90 % of RAS and, affects approximately 
6.8 % of elderly patients [1]. Other less common causes of RAS include FMD, arte-
ritis, dissection, trauma, and congenital hypoplastic syndromes [2–4].

Renovascular hypertension exists in 1–5 % of hypertensive patients [5]. 
Historical features of patients with renovascular hypertension include one or more 
of the following: onset of hypertension in patients younger than 30 and older than 
55, an abrupt increase in existing hypertension which was previously mild and 
well controlled, hypertension resistant to multi-drug therapy, unexplained episodes 
of “flash” pulmonary edema, unexplained deterioration in renal function in a non-
diabetic patient [1]. Physical findings are few beyond a cuff blood pressure greater 
than 140/90. An epigastric bruit is found in a minority of patients and patients with 
atherosclerotic RAS may have associated extremity pulse deficits or bruits. The 
optimal treatment strategy is an area of controversy, particularly the comparative 
roles of best medical therapy versus revascularization by renal artery angioplasty/
stenting. General goals of revascularization include the improvement in blood 
pressure control, the lowering of doses and number of antihypertensive medica-
tions, the preservation of renal function, and the prevention of cardiovascular 
events [6].

 Search Strategy

A literature search of English language publications from 1990 to 2014 was used to 
identify published data on renovascular hypertension, RAS and treatment strategies. 
Primary database search was performed through PubMed. Terms used in the search 
were “renovascular hypertension” “atherosclerotic renal artery stenosis” “non- 
atherosclerotic renal artery stenosis” “Takaysu/renal artery stenosis” AND “inter-
ventions” “open surgery” “endovascular therapy” “medical management” “CORAL 
trial” “ASTRAL trial.” Six randomized controlled trials, ten cohort studies, one 
meta-analysis, one consensus statement, and 12 review articles were identified. The 
data was classified using the GRADE system (See Table 24.1).
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 Atherosclerotic Renal Artery Stenosis

Atherosclerotic RAS is more common than typically appreciated, and has a higher 
incidence in individuals with concomitant coronary artery (15–23 %), aortoiliac 
(28–38 %), and peripheral vascular disease (45–59 %). Atherosclerotic lesions typi-
cally involve the ostia and proximal renal artery [1]. Despite the prevalence of angi-
ographic as well as hemodynamically significant RAS, the relative role of optimal 
medical therapy versus revascularization, particularly renal artery angioplasty/
stenting is controversial.

 Optimal Medical Therapy Versus Angioplasty/Stenting Plus Optimal 
Medical Therapy

Initial studies comparing medical versus endovascular management began with 
renal artery angioplasty alone. Three separate randomized trials (SNRASCG, 
EMMA, DRASTIC) all failed to demonstrate significant improvement in blood 
pressure or renal function with angioplasty alone when compared to optimal medi-
cal therapy [7–9]. The inadequacy of angioplasty alone for atherosclerotic RAS was 
first documented by van de Ven. He demonstrated that primary patency at 6 months 
was significantly better (75 % vs. 29 %) and restenosis rates were lower (14 % vs. 
48 %) in patients subjected to angioplasty plus stenting when compared to angio-
plasty alone [10].

Based on these earlier studies, randomized trials were performed comparing 
optimal medical therapy with optimal medical therapy plus renal artery angioplasty/
stenting. The STAR trial (Stent Placement and Blood Pressure and Lipid-Lowering 
for the Prevention of Progression of Renal Dysfunction Caused by Atherosclerotic 
Ostial Stenosis of the Renal Artery) and ASTRAL trial (Angioplasty and Stent for 
Renal Artery Lesions) were designed to determine whether optimal medical therapy 
plus renal artery angioplasty/stenting reduced adverse cardiovascular or renal events 

Table 24.1 Results

P (patients) I (intervention) C (comparator) O (outcomes)

Patients with 
renovascular 
hypertension 
secondary to 
atherosclerotic 
stenosis
Or
Patients with 
renovascular 
hypertension 
secondary to 
non-atherosclerotic 
stenosis

Angioplasty
Stenting
Open surgical 
revascularization

Optimal 
medical 
management

Mortality from 
cardiovascular or renal cause, 
myocardial infarction, stroke, 
hospitalization for heart 
failure, progressive renal 
insufficiency, need for 
permanent renal-replacement 
therapy, preservation of renal 
function, Improvement in 
blood pressure, or 
antihypertensive medication 
reduction
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when compared to optimal medical therapy alone [11–13]. Both studies failed to 
demonstrate that renal artery angioplasty/stenting and optimal medical management 
were better than optimal medical management alone in reducing cardiovascular and 
renal events [12–14].

However both trials had serious design limitations. The STAR trial was criticized 
for being underpowered with only 140 patients and included many patients who 
may have had clinically insignificant RAS. While ASTRAL had a larger enrollment, 
806 patients, only 59 % of patients randomized to angioplasty/stenting had angio-
graphic evidence of RAS >70 %. In addition, the design of the trial excluded patients 
with RAS who in the opinion of the investigators would definitely benefit from renal 
artery angioplasty/stenting. This biased the results in general against angioplasty/
stenting. Finally, there was concern over operator experience due to the low rate of 
technical success (78.6 %) of the angioplasty/stenting procedure [15, 16].

The Cardiovascular Outcomes in Renal Atherosclerotic Lesions (CORAL) study 
was a multicenter, randomized, controlled trial that compared optimal medical ther-
apy with optimal medical therapy plus renal artery angioplasty/stenting in patients 
with atherosclerotic RAS. Inclusion criteria included patients with hypertension 
(SBP >155 mmHg or higher on ≥2 antihypertensive medications) and angiographic 
renal artery stenosis of at least 80–99 % or RAS greater than 60 % but less than 80 % 
with a systolic pressure gradient of at least 20 mmHg. The primary endpoint was the 
composite end point of death from cardiovascular or renal cause, myocardial infarc-
tion, stroke, hospitalization for heart failure, progressive renal insufficiency or need 
for permanent renal-replacement therapy. No significant difference in the primary 
composite endpoint was found between the medical and stenting/angioplasty groups 
(35.8 % and 35.1 %, P = 0.58). In addition, similar results were seen for the individ-
ual components of the composite endpoint [17].

CORAL as designed required that after randomization, patients were prohibited 
from crossing over to the competing arm for the duration of the study. By limiting 
crossovers, many patients with severe bilateral renal artery disease may have been 
treated outside the trial by renal artery angioplasty/stenting rather than subjecting 
them to the possibility of medical therapy only. This biased the study group towards 
patients with less severe renal artery disease and potentially excluded the subset of 
patients who may have received the most benefit from a renal artery intervention 
(i.e. severe bilateral renal artery stenosis associated with heart failure/flash pulmo-
nary edema, malignant refractory hypertension or renal dysfunction) [18].

A recent meta-analysis of the six major randomized control trials (SNRASCG, 
EMMA, DRASTIC, STAR, ASTRAL, CORAL), concluded that renal artery angio-
plasty with or without stenting for atherosclerotic RAS was no better than optimal 
medical therapy alone in achieving blood pressure control or preserving renal func-
tion. However, it is important to note that in the angioplasty/stenting group a trend 
toward a lower rate of major events, including acute heart decompensation, renal 
dysfunction, stroke, and mortality was demonstrated [19].

Given the shortcomings of the available literature, particularly for patients who 
might truly benefit from renal artery angioplasty/stenting, a consensus document 
was produced in 2014 by the Society for Cardiovascular Angiography and 
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Interventions (SCAI). The consensus is based on the major randomized trials, cohort 
studies, and the multi-societal guidelines recommendations from ACC/AHA 2005 
Practice Guidelines for the management of patients with peripheral arterial disease.

The Consensus recommendations were divided into three categories based on 
varying levels of appropriateness for renal artery angioplasty/stenting: (1) Renal 
artery angioplasty/stenting represents appropriate care, (2) Renal artery angioplasty/
stenting may represent appropriate care, and (3) Renal artery angioplasty/stenting 
rarely represents appropriate care. Patients deemed appropriate for renal artery 
angioplasty/stenting included those with cardiac disturbance syndrome or “flash” 
pulmonary edema, severe (>90 %) bilateral renal artery stenosis or stenosis to a soli-
tary kidney, accelerated or resistant hypertension, or global renal ischemia associ-
ated with renal dysfunction. Patients in whom renal artery angioplasty/stenting may 
represent appropriate care include those with unilateral severe (90 %) renal artery 
stenosis, hypertension and prior episodes of unexplained congestive heart failure or 
patients at high risk for progressive ischemic nephropathy who could benefit from 
revascularization for stabilization of renal function. Finally, patients in whom renal 
artery angioplasty/stenting is rarely appropriate are those who have RAS with con-
trolled blood pressure and normal renal function, mild to moderate renal artery ste-
nosis, ischemic nephropathy already requiring hemodialysis greater than 3 months, 
and chronic total occlusions of the renal arteries [20]. Although not specifically 
addressed in this consensus statement, it is also important to emphasize that the 
“prophylactic” or “drive-by” renal artery angioplasty/stenting of clinically occult 
atherosclerotic RAS is rarely if ever appropriate [12–14].

 Open Surgical Intervention

Surgical revascularization is considered for patients with anatomically challenging 
or high-risk atherosclerotic RAS not amenable to endovascular intervention. Blood 
pressure response rates in selected patients undergoing open surgical revasculariza-
tion have been favorable, with up to 85 % being cured or showing significant 
improvement in the hypertensive diathesis [21]. Open surgical repair of atheroscle-
rotic RAS is durable, with patency rates in one series as high as 97 % at a mean 
follow-up of 3 years [21]. In a large case series by Darling, 687 open renal artery 
reconstructions were performed over a 23-year period. The majority of procedures 
were performed in conjunction with aortic reconstruction (531/687), with an overall 
morbidity of 15.5 % and mortality of 5.5 %. In the subgroup of patients who under-
went an isolated renal artery procedure, the morbidity was 14.1 % and mortality was 
3.2 %. Primary graft patency at 5 years was 95 % [22].

Given the current use of renal artery angioplasty/stenting as the first line revas-
cularization strategy for atherosclerotic RAS, the use of open renal artery revascu-
larization for an isolated RAS is rare. However, a role for open surgery remains for 
patients with an occluded renal artery or arteries with early bifurcation, small 
 diameter (<3 cm), or severe concentric calcification; or patients with other abdomi-
nal aortic pathology (i.e. aortoiliac occlusive disease, aneurysmal disease) that 
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require concomitant open repair; or in selected patients who fail renal artery stent-
ing or develop restenosis following intervention [20, 21].

 Non-atherosclerotic Renal Artery Stenosis

Non-atherosclerotic RAS, primarily FMD, accounts for a significant portion of 
patients with renovascular hypertension [23]. Other non-atherosclerotic pathologies 
include renal artery dissection, aneurysm, arteritis, congenital hypoplastic syn-
dromes and trauma. No randomized clinical trials for non-atherosclerotic RAS 
comparing optimal medical management to renal artery angioplasty/stenting exist, 
but the principles of medical and, endovascular or open revascularization are the 
same as for patients with atherosclerotic RAS. Optimal treatment is predicated on a 
variety of considerations including lesion pathology, patient age, severity of hyper-
tension and associated renal dysfunction.

 Optimal Medical Therapy Versus Angioplasty and Stenting (Non- 
atherosclerotic Renal Artery Stenosis)

The primary indication for renal revascularization in a patient with non- 
atherosclerotic renal artery disease is resistant hypertension [24]. When required in 
patients with FMD, renal angioplasty alone has been shown to be effective for most 
lesions isolated to the main renal artery. Three recent case series of renal angioplasty 
for FMD have documented reasonable results. Hypertension improvement was seen 
in 21–76 % of patients with a primary patency of the renal intervention being 
50–71 % at 5 years [25–27]. Davies demonstrated that 71 % of patients maintained 
improvement or cure in hypertension at 5 years [28]. Stent placement is rarely if 
ever required for FMD and should be reserved for residual stenosis >30 % or a flow 
limiting dissection [26]. Other non-atherosclerotic renal artery pathologies are man-
aged on a case-by-case basis, since depending on the anatomy and lesion, open or 
endovascular revascularization may be preferred.

 Open Surgical Intervention (Non-atherosclerotic Renal Artery Stenosis)

Open surgical revascularization for FMD is uncommon and is reserved for patients 
with extension of FMD into secondary renal artery branches or associated with a 
renal artery aneurysm, or in patients who fail endovascular intervention. Overall 
cure and improvement rates in hypertension for open revascularization are 33 % to 
63 % and 24 % to 57 % respectively. Five year primary graft patency ranges from 75 
to 85 % [29–32]. In a recent series of 43 patients with non-atherosclerotic renal 
artery disease primary graft patency was 80 % at 5 years, and survival 78 % at 10 
years. Open revascularization was associated with an improvement in blood pres-
sure, less antihypertensive medication and improvement in renal function [33]. For 
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patients with arteritis, and specifically Takayasu’s arteritis, open surgical revascu-
larization is the primary revascularization strategy. Primary patency has been dem-
onstrated as high as 79 % at 5 years, with a statistically significant reduction of 
anti-hypertensive medication requirements [34].

 Recommendations

The management of renovascular hypertension is stratified by the RAS pathology: 
atherosclerotic and non-atherosclerotic.

For atherosclerotic RAS, optimal medical therapy is the appropriate first line 
therapy for most patients. Renal artery angioplasty/stenting should be considered 
for patients with significant RAS (>60 %) associated with “flash” pulmonary 
edema, resistant hypertension, or in selected patients with renal insufficiency and 
either severe (>90 %) bilateral renal artery stenosis or severe stenosis to a solitary 
functioning kidney. Open revascularization should be considered in patients who 
are reasonable surgical candidates who have unfavorable renal artery anatomy for 
angioplasty/stenting (i.e. early bifurcation, small diameter vessels (<3 cm); ves-
sels with severe concentric calcification, renal artery occlusion) or those with 
associated renal artery aneurysms, complex aortic disease or concomitant aortic 
disease that requires open repair; or in selected patients with severe bilateral 
renal artery disease or a solitary kidney, especially if associated with renal 
dysfunction.

The optimal management of non-atherosclerotic renovascular hypertension varies 
and is largely dependent on RAS pathology. For patients with hypertension easily 
controlled with one or two antihypertensives, medical therapy is preferred. However, 
for patients with resistant hypertension revascularization should be considered. 
Balloon angioplasty alone is preferred for FMD confined to the main renal artery with 
open surgical revascularization employed for FMD associated renal artery aneurysms 
or branch vessel involvement; or patients who have failed endovascular management. 
Open surgical revascularization is also the primary therapy for selected non-FMD 
lesions, specifically renal artery stenosis secondary to Takayasu’s arteritis.

 A Personal View of the Data

The prospective randomized trials to date have consistently failed to show any ben-
eficial effect of renal artery angioplasty/stenting over optimal medical therapy alone 
for the treatment of renovascular hypertension due to atherosclerotic RAS. However, 
these trials by design excluded many patients who would have benefited the most 
from endovascular intervention. While ample evidence has demonstrated the safety 
and the high technical proficiency of renal artery angioplasty/stenting, the benefits in 
blood pressure control and preservation or improvement in renal function have been 
difficult to validate. Despite dissonance in the published data, we continue to be of 

24 In Patients with Renovascular Hypertension



294

the opinion that renal artery angioplasty/stenting has a beneficial role in a select 
subset of patients of with atherosclerotic RAS mediated renovascular hypertension.

Comparative data regarding non-atherosclerotic RAS is lacking. However, for 
FMD, simple angioplasty is safe and relatively effective. Unfortunately, the role of 
endovascular revascularization in non-FMD lesions is less certain. Data from our own 
institution indicates open revascularization is preferred for Takayasu’s arteritis and 
may be the optimal choice for most non atherosclerotic RAS. However, a comparator 
population is lacking for most non-FMD management leaving it up to physician judg-
ment and experience to decide the appropriate treatment for the individual patient.

Recommendations
• Renovascular Hypertension due to Atherosclerotic RAS

• We recommend optimal medical therapy as first line treatment (evi-
dence quality high; strong recommendation).

• For patients with cardiac disturbance syndrome or “flash” pulmonary 
edema, severe (>90 %) bilateral renal artery stenosis or stenosis to a 
solitary kidney, accelerated or resistant hypertension (failure of >3 
maximally tolerated medications including the use of a diuretic), or 
ischemic nephropathy, we recommend renal artery angioplasty/stenting 
(evidence quality moderate; strong recommendation).

• For patients with unilateral severe (90 %) renal artery stenosis and resistant 
hypertension or prior episodes of congestive heart failure without a primary 
cardiac etiology or patients with progressive ischemic nephropathy who 
could benefit from revascularization for preservation of renal function, we 
recommend renal artery angioplasty/stenting as this group of patients may 
benefit (evidence quality moderate; moderate recommendation).

• For patients with controlled blood pressure and normal renal function, 
mild to moderate RAS, chronic ischemic nephropathy already requiring 
hemodialysis greater than 3 months and chronic total occlusions of the 
renal arteries, we do not recommend renal artery angioplasty/stenting, and 
especially “prophylactic” or “drive-by” interventions on clinically occult 
atherosclerotic RAS (evidence quality high; strong recommendation).

• Open surgical revascularization should be considered for those that 
meet criteria for revascularization but have lesion characteristics not 
amenable to endovascular management or have concomitant abdominal 
aortic pathology that requires open surgical repair (evidence quality 
strong; strong recommendation).

• Renovascular Hypertension due to Non-atherosclerotic RAS: The opti-
mal treatment for renovascular hypertension due to non-atherosclerotic 
RAS varies widely and largely depends on the pathology of the renal artery 
stenosis. Patients with resistant hypertension and FMD confined to the 
main renal artery are best managed initially by renal artery angioplasty. 
Other pathologies are managed on a case by case basis.
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