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Stenting for atherosclerotic 
renal artery stenosis:  
One poorly designed trial 
after another
The role of stenting for atherosclerot-

ic renal artery stenosis is hotly debated 
among different specialties.1,2 If we may 
generalize a bit, interventionalists (cardi-
ologists, interventional radiologists, vascular 
surgeons, and vascular medicine specialists) 
have been in favor of liberal use of stenting, 
and nephrologists often favor medical ther-
apy alone. And as with all controversial is-
sues, each group feels rather strongly about 
its position.
 Because few prospective randomized tri-
als have been completed, the management of 
atherosclerotic renal artery stenosis has been 
guided by retrospective studies and case se-
ries.3

See related article, page 178

 In this issue of the Cleveland Clinic Jour-
nal of Medicine, Dr. James Simon4 provides an 
excellent overview of the prevalence, natural 
history, and clinical presentation of athero-
sclerotic renal artery stenosis. In addition, he 
does an admirable job of reviewing the avail-
able prospective randomized trials and pro-
viding editorial commentary about the role 
of the various specialists in the management 
of renal artery disease. And while the title of 
his paper says that it is “time to be less ag-
gressive,” Dr. Simon ultimately comes to the 
same conclusions that we do5 on the indica-

tions for renal artery stenting (see TABLE 3 of 
Dr. Simon’s article), which are those of the 
multidisciplinary 2006 American College 
of Cardiology/American Heart Association 
guidelines on the management of peripheral 
artery disease.3

 So what then is all the controversy 
about? We all agree that prospective ran-
domized trials that provide class I, level 
A evidence impart the only unbiased sci-
entific information on the best treatment 
strategy for patients with renal artery dis-
ease. The basic controversial issue is the 
interpretation of these trials. We contend 
that the three randomized trials of stenting 
vs medical therapy published so far6–8 (see 
below) are so seriously flawed that it is im-
possible to make treatment decisions based 
on their results.
 Since these trials were published in well-
respected journals, their results are often tak-
en as gospel. However, careful review of each 
of these will reveal the flaws in study design 
and implementation.

 ■ The DRASTIC TRIAl

In the Dutch Renal Artery Stenosis Intervention 
Cooperative (DRASTIC) trial,6 106 patients 
with renal artery stenosis and hypertension (dia-
stolic blood pressure > 95 mm Hg) despite treat-
ment with two antihypertensive medications 
were randomly assigned to either renal angioplas-
ty (n = 56) or drug therapy (n = 50).
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Authors’ conclusions
“In the treatment of patients with hyperten-
sion and renal-artery stenosis, angioplasty has 
little advantage over antihypertensive-drug 
therapy.”6 

Four serious problems
As we discussed in a letter to the editor of the 
New England Journal of Medicine on August 10, 
2000, this study had four serious problems that 
invalidate its authors’ conclusions.9

 The sample size was insufficient to detect 
a significant difference between treatment 
groups. In other words, the chance of a type 2 
statistical error is high.
 Balloon angioplasty without stenting was 
used as the method of revascularization. Ex-
perts now recognize that stenting is required 
for renal artery intervention to have a durable 
result.3,5

 Renal artery stenosis was defined as 
greater than 50% stenosis. This allowed a 
large number of patients to enter the trial who 
had hemodynamically and clinically insignifi-
cant lesions. Most clinicians believe that ste-
nosis of less than 70% is not hemodynamically 
important.5,10,11

 Twenty-two of the 50 patients random-
ized to medical therapy crossed over to the 
angioplasty group because their blood pres-
sure became difficult to control. In other 
words, 44% of the patients in the medical 
group underwent angioplasty, an astounding 
percentage in an intention-to-treat analysis 
comparing one therapy with another.
 Despite these serious flaws, the results of 
DRASTIC influenced therapy for years after 
its publication.

 ■ The STAR TRIAl

In the Stent Placement in Patients With 
Atherosclerotic Renal Artery Stenosis and 
Impaired Renal Function (STAR) trial,7 140 
patients with a creatinine clearance of less 
than 80 mL/min/1.73m2, renal artery stenosis 
greater than 50%, and well-controlled blood 
pressure were randomized to either renal ar-
tery stenting plus medical therapy (n = 64) or 
medical therapy alone (n = 76). The primary 
end point was a 20% or greater decrease in 
creatinine clearance. Secondary end points 

included measures of safety and cardiovascu-
lar morbidity and mortality.

Authors’ conclusions
“Stent placement with medical treatment had 
no clear effect on progression of impaired re-
nal function but led to a small number of sig-
nificant procedure-related complications. The 
study findings favor a conservative approach 
to patients with [atherosclerotic renal artery 
stenosis], focused on cardiovascular risk factor 
management and avoiding stenting.”7 

Serious flaws
A number of serious flaws render this study 
uninterpretable.
 Mild renal artery stenosis. At least 33% of 
the patients in the study had mild renal artery 
stenosis (50%–70%), and 12 (19%) of the 64 
patients in the group randomized to stenting 
actually had stenosis of less than 50%. How 
can one expect there to be a benefit to stent-
ing in patients with mild (and hemodynami-
cally insignificant) renal artery stenosis? This 
is especially true when the primary end point 
is a change in renal function.
 More than half of the patients had uni-
lateral disease. It seems intuitive that if one 
were to plan a trial with a primary end point 
of a change in renal function, only patients 
with bilateral renal artery stenosis of greater 
than 70% or with stenosis of greater than 70% 
to a solitary functioning kidney would be in-
cluded. One would not expect that patients 
with unilateral disease and a stenosis of less 
than 70% would derive any benefit from re-
vascularization.
 Not all “stent” patients received stents. 
All of the patients in the medical group re-
ceived medication and there were no cross-
overs. However, only 46 (72%) of the 64 pa-
tients randomized to stenting actually received 
a stent, while 18 (28%) did not. There were 
two technical failures, and 12 patients should 
not have been randomized because they had 
less than 50% stenosis on angiography and 
thus were not stented. Yet all 64 patients were 
analyzed (by intention to treat) in the stent 
group. With these numbers, one could predict 
that the results would be negative.
 Like DRASTIC, this trial was under-
powered, meaning that the chance of a type 
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2 statistical error is high. In fact, the editors 
of the Annals of Internal Medicine, in a note 
accompanying the article, cautioned that the 
study “was underpowered to provide a defini-
tive estimate of efficacy.”7 If the study was un-
derpowered to answer the question at hand, 
why was it deemed worthy of publication?
 High complication rates. The periproce-
dural complication and death rates were much 
higher than in many other reports on renal ar-
tery stenting (see details below).5

 ■ The ASTRAl TRIAl

In the Angioplasty and Stenting for Renal 
Artery Lesions (ASTRAL) trial,8 the prima-
ry outcome measure was the change in renal 
function over time as assessed by the mean 
slope of the reciprocal of the serum creatinine. 
In this trial, 806 patients with atherosclerotic 
renal artery stenosis were randomized to either 
stent-based revascularization combined with 
medical therapy or medical therapy alone.

Authors’ conclusions
“We found substantial risks but no evidence of 
a worthwhile clinical benefit from revascular-
ization in patients with atherosclerotic reno-
vascular disease.”8

Despite size, flaws remain
Unlike the other trials, ASTRAL had a sam-
ple size large enough to provide an answer. 
However, numerous flaws in study design and 
implementation invalidate its results for the 
overall population of patients with renal ar-
tery stenosis. The major flaws in ASTRAL 
were:
 Selection bias. For a patient to be enrolled, 
the treating physician had to be undecided on 
whether the patient should undergo revas-
cularization or medical management alone. 
However, the treatment of atherosclerotic re-
nal artery stenosis is so controversial that phy-
sicians of different specialties cannot agree on 
the most effective treatment strategy for most 
patients.1,2 Therefore, to exclude patients 
when their physicians were sure they needed 
or did not need renal artery revascularization 
is incomprehensible and introduces consider-
able selection bias into the trial design.
 Normal renal function at baseline. The 

primary outcome was a change in renal func-
tion over time. Yet 25% of patients had nor-
mal renal function at the outset of the trial. In 
addition, a significant number had unilateral 
disease, and 41% had a stenosis less than 70%. 
What made the investigators think that stent 
implantation could possibly be shown to be 
beneficial if they entered patients into a re-
nal function study who had near-normal renal 
function, unilateral disease, and mild renal 
artery stenosis? These are patients whose con-
dition would not be expected to worsen with 
medical therapy nor to improve with stenting. 
Most clinicians would not consider stenting a 
patient to preserve renal function if the pa-
tient has unilateral mild renal artery stenosis.
 There was no core laboratory to adjudi-
cate the interpretation of the imaging stud-
ies. To determine the degree of stenosis of an 
artery in an accurate and unbiased fashion, a 
core laboratory must be used.
 The reason this is so important is that vi-
sual assessment of the degree of stenosis on 
angiography is not accurate and almost always 
overestimates the degree of stenosis.12,13 In a 
study assessing the physiologic importance 
of renal artery lesions, the lesion severity by 
visual estimation was 74.9% ± 11.5% (range 
50%–90%), which exceeded the quantitative 
vascular angiographic lesion severity of 56.6% 
± 10.8% (range 45%–76%).13

 Therefore, in ASTRAL, some patients in 
the 50%–70% stenosis group (about 40% of 
patients entered) actually had a stenosis of less 
than 50%. And some patients in the group 
with stenosis greater than 70% had stenosis of 
less than 70%. This further illustrates that, for 
the most part, the patients in ASTRAL had 
mild to moderate renal artery stenosis.
 A high adverse event rate. The major ad-
verse event rate in the first 24 hours was 9%, 
whereas the usual rate is 2% or less.14–18 Of the 
280 patients in the revascularization group for 
whom data on adverse events were available 
at 1 month, 55 (20%) suffered a serious ad-
verse event (including two patients who died) 
between 24 hours and 1 month after the pro-
cedure. This is in contrast to a major compli-
cation rate of 1.99% in five reports involving 
727 patients.5

 The trial centers were not high-volume 
centers. During the 7 years of recruitment, 
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24 centers (42% of all participating centers) 
randomized between one and five patients, 
and 32 centers (61% of all participating cen-
ters) randomized nine patients or fewer. This 
means that many participating centers ran-
domized, on average, less than one patient per 
year! This was not a group of high-volume op-
erators.

 ■ WIll CoRAl GIve US The AnSWeR?

The CORAL (Cardiovascular Outcomes in 
Renal Atherosclerotic Lesions) trial is under 
way.19 Enrollment was to have ended on Janu-
ary 31, 2010, and it will be several years before 
the data are available for analysis.
 CORAL, a multicenter study funded in 
2004 by the National Institutes of Health, will 
have randomized more than 900 patients with 
greater than 60% stenosis to optimal medical 
therapy alone or optimal medical therapy plus 
renal artery stenting. Inclusion criteria are a 
documented history of hypertension on two 
or more antihypertensive drugs or renal dys-
function, defined as stage 3 or greater chronic 
kidney disease based on the National Kidney 
Foundation classification (estimated glomeru-
lar filtration rate < 60 mL/min/1.73 m2 calcu-
lated by the modified Modification of Diet in 
Renal Disease [MDRD] formula) and stenosis 
of 60% or greater but less than 100%, as as-
sessed by a core laboratory. The primary end 
point is survival free of cardiovascular and re-
nal adverse events, defined as a composite of 
cardiovascular or renal death, stroke, myocar-
dial infarction, hospitalization for congestive 
heart failure, progressive renal insufficiency, or 
need for permanent renal replacement therapy.
 We hope this trial will give us a clear an-
swer to the question of whether renal artery 
stenting is beneficial in the patient popula-
tion studied. One note of caution: recruit-
ment for this trial was difficult and slow. Thus, 
there were a number of protocol amendments 

throughout the trial in order to make recruit-
ment easier. Hopefully, this will not be a prob-
lem when analyzing the results.

 ■ We All AGRee  
on The InDICATIonS FoR STenTInG

So, are we really so far apart in our thinking? 
And is it really “time to be less aggressive” if 
we follow the precepts below?
 All renal arteries with stenosis do not 
need to be (and should not be) stented.
 There must be a good clinical indication 
and hemodynamically significant stenosis. 
This means the degree of stenosis should be 
more than 70% on angiography or intravascu-
lar ultrasonography.
 Indications for stenting. Until more data 
from compelling randomized trials become 
available, adherence to the American Col-
lege of Cardiology/American Heart Associa-
tion guidelines on indications for renal artery 
stenting is advised3:
•	 Hypertension: class IIa, level of evidence 

B. Percutaneous revascularization is rea-
sonable for patients with hemodynami-
cally significant renal artery stenosis and 
accelerated hypertension, resistant hyper-
tension, and malignant hypertension.

•	 Preservation of renal function: class IIa, 
level of evidence B. Percutaneous revascu-
larization is reasonable for patients with re-
nal artery stenosis and progressive chronic 
kidney disease with bilateral renal artery 
stenosis or a stenosis to a solitary function-
ing kidney.

•	 Congestive heart failure: class I, level of 
evidence B. Percutaneous revascularization 
is indicated for patients with hemodynami-
cally significant renal artery stenosis (ie, > 
70% stenosis on angiography or intravas-
cular ultrasonography) and recurrent, un-
explained congestive heart failure or sud-
den, unexplained pulmonary edema. ■
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