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Abstract
Background and objectives Atherosclerotic renal artery stenosis may cause kidney function loss, but effects of
stenting on eGFR and clinical events associated with CKD are uncertain. Our study objectives were to determine
effects of stenting on eGFR and predictors of clinical events.
Design, setting, participants, & measurements Participants (n=931) in the Cardiovascular Outcomes in Renal
Artery Stenosis Trial (from May of 2005 to September of 2012) had .60% atherosclerotic renal artery stenosis and
systolic hypertension on two or more antihypertensive drugs and/or stage $3 CKD. The intervention was
stenting versus no stenting on a background of risk factor management: renin-angiotensin system inhibition,
statin, antiplatelet therapy, and smoking cessation education. The effect of stenting on eGFR by the serum
creatinine-cystatin C Chronic Kidney Disease Epidemiology Collaboration equation was the prespeciﬁed
analysis of kidney function. Predictors of eGFR and CKD outcomes ($30% eGFR loss, ESRD, and death) and
cardiovascular disease outcomes (stroke, myocardial infarction, heart failure, and death) controlling for eGFR
and albuminuria were also determined.
Results eGFR was 59624 ml/min per 1.73 m2 (mean6SD) at baseline. Over 3 years, eGFR change, assessed by
generalized estimating equations, was 21.567.0 ml/min per 1.73 m2 per year in the stent group versus 22.366.3
ml/min per 1.73 m2 per year in the medical therapy only group (P=0.18). eGFR predictors (multiple variable
generalized estimating equations) were age, albuminuria, systolic BP, and diabetes (inverse associations) as well
as men, total cholesterol, and HDL cholesterol (positive associations). CKD outcomes events occurred in 19% (175
of 931), and predictors (Cox proportional hazards models) included albuminuria (positive association), systolic
BP (positive association), and HDL cholesterol (inverse association). Cardiovascular disease outcomes events
occurred in 22% (207 of 931), and predictors included age, albuminuria, total cholesterol, prior cardiovascular
disease, and bilateral atherosclerotic renal artery stenosis (positive associations).
Conclusions Stenting did not inﬂuence eGFR in participants with atherosclerotic renal artery stenosis receiving
renin-angiotensin system inhibition–based therapy. Predictors of clinical events were traditional risk factors for
CKD and cardiovascular disease.
Clin J Am Soc Nephrol 11: 1180–1188, 2016. doi: 10.2215/CJN.10491015

Introduction
Atherosclerotic renal artery stenosis (ARAS) may
cause kidney function loss, leading to CKD, cardiovascular disease (CVD), and death (1–4). The effect of
renal artery revascularization by stenting on kidney
function is unclear, even after recent randomized trials, because of highly selected study populations,
crossovers from medical therapy to stenting, and
lack of power or ascertainment (5–9). Moreover, predictors of kidney function over time have not been
previously determined in patients with ARAS.
In the Cardiovascular Outcomes in Renal Artery
Stenosis (CORAL) Clinical Trial, patients with ARAS
were randomized to medical therapy plus stenting or
1180
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medical therapy only (10). Medical therapy was designed to achieve optimal targets for CKD and CVD
risk factors, including hypertension, increased LDL
cholesterol, hyperglycemia, platelet aggregation, and
smoking. Risk factor management was target driven
with add-on therapies on the basis of clinical practice
guidelines current at the time of the study (11–14).
Revascularization by stenting did not reduce the
primary outcome, a composite of clinical events, including death, myocardial infarction, stroke, hospitalization for congestive heart failure, ESRD, and $30%
reduction in eGFR.
The CORAL Trial had a large international sample
of participants with ARAS, which provided a unique
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opportunity to determine effects of stenting on eGFR and
predictors of eGFR over time. Additional study objectives
were to ascertain predictors of clinical events associated
with CKD.

Materials and Methods
Study Participants and Enrollment
The CORAL Trial enrollment began on May 16, 2005 and
concluded on January 30, 2012, with follow-up until
September 28, 2012 (ClinicalTrials.gov; NCT00081731) (10).
The sample size was calculated for 90% power to detect a
25% reduction in incidence of the primary outcome. The
trial included multiple sites with international locations
(North America, South America, Europe, Australia/New
Zealand, and Africa). The study protocol adhered to the
principles of the Declaration of Helsinki and was approved
by institutional review boards or ethics committees at each
participating site. All participants signed written informed
consent to participate. They had ARAS with .60% stenosis
and systolic hypertension on two or more antihypertensive
drugs and/or CKD stage $3. ARAS was identiﬁed by renal
angiography, duplex ultrasonography, magnetic resonance
angiography, or computed tomographic angiography. Exclusion criteria were ﬁbromuscular dysplasia, CKD attributable to other causes, serum creatinine .4 mg/dl, kidney
length ,7 cm, or stenoses that could not be treated with a
single stent. Renal angiograms were analyzed by an angiographic core laboratory (10). Global ischemia was deﬁned
as .60% bilateral stenoses or .60% stenosis to a single
functioning kidney (10).
Randomization and Interventions
Participants with ARAS were randomized in a 1:1 ratio
to medical therapy plus stenting or medical therapy only
by means of an interactive voice randomization system
with a permuted block design (the Consolidated Standards
of Reporting Trials diagram) (Supplemental Figure 1) (10).
Participants, investigators, and study coordinators were
not masked to group assignment. Both groups received
antihypertensive therapy with a stepwise approach to
achieve the BP target starting with a renin-angiotensin system (RAS) inhibitor and either an angiotensin receptor
blocker or an angiotensin–converting enzyme inhibitor
(10). They also received a statin adjusted to achieve the
LDL cholesterol target, aspirin at 81–325 mg daily, and
clopidogrel at 75 mg daily for those receiving stents (according to local standard of care). Goals for risk factors
included BP,130/80 mmHg with CKD or diabetes and
,140/90 mmHg otherwise, LDL cholesterol ,70 mg/dl,
hemoglobin A1c of approximately 7% (diabetes subgroup), and smoking cessation by an education program
(11–14). Candesartan (16–32 mg) with or without hydrochlorothiazide (12.5–50 mg; Astra Zeneca) and atorvastatinamlodipine (10–80/2.5–10 mg; Pﬁzer Inc.) were provided
to participants through use of a voucher system at local
pharmacies.
For participants randomized to stenting, each renal
artery with .60% stenosis was stented (Palmaz–Genesis
Stent; Cordis Corporation) (10). An Angioguard embolic
protection device was required until August of 2006, when
embolic protection was subsequently used at operator

Stenting for Renal Artery Stenosis and eGFR, Tuttle et al.

1181

discretion (10). Crossovers from the medical therapy
only group to stenting were allowed only on approval
by the CORAL Trial crossover committee after occurrence
of a primary outcome event.
Study Outcomes
The effect of stenting on eGFR was a prespeciﬁed
secondary analysis in the CORAL Trial protocol. Post hoc
analyses were formulated for assessing predictors of eGFR
and clinical event outcomes associated with CKD. For the
rate of change in eGFR, the post hoc power was estimated
at 40%. eGFR was calculated by the serum creatinine-cystatin
C Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation, because this method is considered
the most accurate and precise, even at eGFR levels .60
ml/min per 1.73 m2, on the basis of clinically available
ﬁltration markers, serum creatinine, and cystatin C (15).
eGFR was also calculated by other equations: serum creatinine CKD-EPI, serum creatinine Modiﬁcation of Diet in
Renal Disease (MDRD), and serum cystatin C CKD-EPI.
CKD events ($30% eGFR loss for $60 days, ESRD, and
death caused by kidney disease) and CVD events (stroke,
myocardial infarction, congestive heart failure hospitalizations, and death caused by CVD) were prespeciﬁed in the
study protocol (10). The deﬁnition of the eGFR end point
to $30% loss was adjusted before unmasking or awareness of event rates with the approval of the US Food and
Drug Administration because of changes in clinical outcome deﬁnitions during the trial. Death caused by kidney disease was deﬁned as death attributable to uremia,
a dialysis procedure, acute renal failure, renal transplant,
hyperkalemia in association with renal insufﬁciency, and
other complications of renal failure in the study protocol.
An independent clinical events committee, whose members
were unaware of randomization assignment, adjudicated
all study events.
Statistical Analyses
Analyses were on the basis of the intent to treat principle.
Differences in baseline characteristics, laboratory values,
risk factors, and lesion-based measures were assessed by
unpaired t tests and chi-squared tests for continuous and
categorical variables, respectively. eGFR over time was
evaluated by univariate and multiple variable generalized
estimating equations (GEEs). Predictors of CKD and CVD
events were assessed by Cox proportional hazards models.
Multiple variable models were treatment adjusted (stent
versus no stent) with age and sex forced into the models.
Other covariates were derived from baseline characteristics
with stepwise selection for multiple variable analyses with
entry and stay criteria of P,0.10. Kaplan–Meier survival
plots were constructed and evaluated with the log rank
test for analyses of CKD or CVD events. Statistical signiﬁcance was set at a with P,0.05. All analyses were performed
using SAS, version 9.1.3 (SAS Institute Inc., Cary, NC).

Results
Study Participants
From the parent study, 931 CORAL Trial participants
(stent plus medical therapy group, n=459; medical therapy
only group, n=472) had data for inclusion in the analyses

1182

Clinical Journal of the American Society of Nephrology

of eGFR and clinical event outcomes. The CORAL Trial
participants were 6969 (mean6SD) years of age (Table
1). Women (466 of 931) and men (465 of 931) were equally
represented. Baseline BP was 150623/79613 mmHg on
2.161.6 antihypertensive agents (Table 2). One third (310
of 929) had diabetes, and 59% (526 of 890) of participants
had CKD stage $3. CKD stage 4 was present in 8% (69 of
890). Bilateral ARAS was present in 20% (155 of 760). In
the group assigned to receive stenting, arterial dissection
occurred in 11 participants, and one required dialysis between 30 and 90 days after the procedure. One participant
assigned to the medical therapy only group had a stroke
on the day of randomization (10).
Kidney Function
The CORAL Trial participants had a serum creatininecystatin C CKD-EPI eGFR of 59624 ml/min per 1.73 m2 at
baseline and 55623 ml/min per 1.73 m2 (mean6SD) after
3 years (Figure 1). The rate of change in eGFR was
21.567.0 ml/min per 1.73 m2 per year in the group randomized to stent plus medical therapy versus 22.366.3
ml/min per 1.73 m2 per year in the group who received
medical therapy only (P=0.18) during 3 years of follow-up.
In addition to the prespeciﬁed outcome of eGFR by the
serum creatinine-cystatin C CKD-EPI equation, analyses
by the CKD-EPI equation on the basis of serum cystatin
C alone or creatinine–based MDRD or CKD-EPI equations
yielded similar results (Supplemental Table 1, Supplemental
Figure 2A). Serum cystatin C measurements were made at
baseline and yearly, whereas creatinine was measured at
baseline and 3 and 6 months followed by annual measurements. Despite lower creatinine–based eGFR in the medical
therapy only group at 3 and 6 months, no difference in

creatinine-based eGFR was detected between groups after
1–3 years of follow-up (Supplemental Figure 2).
Predictors of eGFR (serum creatinine-cystatin C CKDEPI) adjusted for age, sex, and randomization group (stent
plus medical therapy versus medical therapy only) and
covariates selected stepwise in the models were determined
by GEE (Figure 2). Covariates retained in the eGFR model
are shown as estimates with 95% conﬁdence intervals (95%
CIs) for change over mean follow-up of 1.84 years: age (per
decade, 22.99; 95% CI, 24.03 to 21.95; P=0.001), men
(2.89; 95% CI, 1.06 to 4.71; P=0.002), systolic BP (per 10 mmHg,
20.57; 95% CI, 20.96 to 20.19; P=0.003), total cholesterol
(per 10 mg/dl, 0.31; 95% CI, 0.08 to 0.52; P,0.01), HDL
cholesterol (per 10 mg/dl, 0.93; 95% CI, 0.25 to 1.61;
P,0.01), log urine albumin-to-creatinine ratio (UACR; per
SD, 22.03; 95% CI, 23.03 to 21.03; P,0.001), and diabetes
(22.01; 95% CI, 23.98 to 20.04; P=0.05). Stent treatment,
bilateral ARAS, and baseline eGFR were not retained in
the GEE models. Moreover, no signiﬁcant interactions were
detected to indicate differences in predictors of eGFR by
subgroups, including CKD stage, albuminuria status, systolic
BP level, use of antihypertensive agents, degree of stenosis,
or prior CVD events (Supplemental Figure 3).
CKD Events
The CKD event outcomes (ESRD, $30% eGFR loss, and
death caused by kidney disease) occurred in 19% (175 of
931) of the CORAL Trial participants. CKD events occurred among 18% (84 of 459) in the stent group and
19% (91 of 472) in the medical therapy only group
(P=0.61; Kaplan–Meier survival plot) (Supplemental Figure 4). Numbers of individual events in stent and medical
therapy only groups have been previously reported (10).

Table 1. Demographics and baseline kidney function measures for the Cardiovascular Outcomes in Renal Artery Stenosis Trial
participants by randomization group

Measures
Age, yr
Mean6SD (N)
No. of men
Hispanic or Latino
Race
American Indian or Alaska Native
Asian
Black
Native Hawaiian or Paciﬁc Islander
White
Serum creatinine, mg/dl
Mean6SD (N)
Creatinine-cystatin C CKD-EPI
eGFR (ml/min per 1.73 m2)
Mean6SD (N)
Urine albumin-to-creatinine
ratio, mg/g
Median (IQR)
CKD stage $3

Stent Plus
Medical
Therapy, n=459

Medical
Therapy
Only, n=472

6969 (459)
51% (234/459)
5.2% (24/459)

6969 (472)
49% (231/472)
6.6% (31/472)

0.3 [20.9 to 1.5]
2 [24 to 8]
21.3 [24.4 to 1.7]

0.2% (1/459)
1.1% (5/459)
7.0% (32/459)
0.2% (1/459)
91.5% (420/459)

0.2% (1/472)
1.5% (7/472)
7.0% (33/472)
0.4% (2/472)
90.9% (429/472)

0.0 [20.6 to 0.6]
20.4 [21.8 to 1.1]
20.0 [23.3 to 3.3]
20.2 [20.9 to 0.5]
0.6 [23.0 to 4.3]

1.2660.46 (436)

1.2560.47 (454)

59624 (436)
24 (10–98.0)
60% (261/436)

59623 (454)
21 (9–75)
58% (265/454)

Difference
[95% CI]

P Value

0.60
0.56
0.41
0.96

0.01 [20.05 to 0.07]

0.78

0.1 [23.0 to 3.1]

0.96

2 [24 to 8]
23 [210 to 3]

0.29
0.47

P values for comparisons are generated with two–sample t tests for continuous measurements and chi-squared tests for binary measurements. 95% CI, 95% conﬁdence interval; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; IQR, interquartile range.
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Table 2. Risk factors, medications, and renal artery stenosis measures for the Cardiovascular Outcomes in Renal Artery Stenosis Trial
participants by randomization group

Measures
Systolic BP, mmHg
Mean6SD (N)
Diastolic BP, mmHg
Mean6SD (N)
Antihypertensive counts,
mean6SD (N)
Antihypertensive classes,
mean6SD (N)
ACE inhibitor or ARB
Diuretic
Calcium channel blocker
b-Blocker
Diabetes mellitus
HbA1c, %
Mean6SD (N)
Total cholesterol, mg/dl
Mean6SD (N)
LDL cholesterol, mg/dl
Mean6SD (N)
HDL cholesterol, mg/dl
Mean6SD (N)
Statin use
Body mass index
Mean6SD (N)
Global ischemia
Stenosis, % (core laboratory),
mean6SD (N)

Stent Plus Medical
Therapy, n=459

Medical Therapy
Only, n=472

Difference
[95% CI]

P Value

150623 (457)

150623 (467)

20.5 [23.5 to 2.4]

0.50

79613 (457)
2.261.6 (455)

79613 (467)
2.161.6 (467)

0.3 [21.5 to 2.0]
0.1 [20.1 to 0.3]

0.23
0.95

2.061.5 (455)

2.061.4 (467)

0.1 [20.1 to 0.2]

0.58

83% (380/459)
65% (298/459)
62% (284/459)
78% (358/450)
32% (148/457)

84% (397/472)
71% (337/472)
65% (307/472)
77% (362/472)
34% (162/472)

21.3 [6.1 to 3.5]
26.5 [212.4 to 0.5]
23.2 [29.4 to 3.0]
1.3 [24.1 to 6.7]
0.1 [20.1 to 0.3]

0.60
0.04
0.34
0.64
0.58

7.061.4 (132)

6.861.2 (150)

0.1 [20.2 to 0.4]

0.39

164643 (434)

162642 (450)

2 [24 to 8]

0.50

92634 (419)

89633 (445)

3 [21 to 8]

0.15

43614 (432)
83% (382/459)

44613 (451)
87% (410/472)

21 [23 to 1]
24% [28% to 1%]

0.23
0.12

28.265.3 (458)
20% (89/445)
67611 (557)

28.765.7 (468)
16% (51/315)
67612 (377)

20.4 [21.1 to 0.3]
4% [22% to 9%]

0.24
0.19
0.96

P values for comparisons are generated with two–sample t tests for continuous measurements and chi-squared tests for binary measurements. HbA1c analyses include only study participants with diabetes. 95% CI, 95% conﬁdence interval; ACE, angiotensinconverting enzyme; ARB, angiotensin receptor blocker; HbA1c, hemoglobin A1c.

To assess predictors of events, Cox proportional hazards
models were applied with multiple variable analyses adjusted for age, sex, and randomization group with stepwise selection of covariates (Figure 3). Baseline covariates
independently predicting CKD events are reported as hazard ratios (HRs) with 95% CIs over mean follow-up of 2.96
years: systolic BP (per 10 mmHg; HR, 1.09; 95% CI, 1.02 to
1.17; P=0.01), log UACR (per SD; HR, 1.57; 95% CI, 1.35 to
1.83; P,0.001), and HDL cholesterol (per 10 mg/dl; HR,
0.86; 95% CI, 0.75 to 0.99; P=0.03).
CVD Events
The CVD event outcomes (stroke, myocardial infarction,
hospitalization for congestive heart failure, and death)
occurred in 22% (207 of 931) of the CORAL Trial participants. CVD events occurred among 22% (103 of 459) in the
stent group and 22% (104 of 472) in the medical therapy
only group (P=0.90; Kaplan–Meier survival plot) (Supplemental Figure 5). Numbers of individual events in stent
and medical therapy only groups have been previously
reported (10). To assess predictors of events, Cox proportional hazards models were applied with multiple variable
analyses adjusted for age, sex, and randomization group
with stepwise selection of covariates (Figure 3). Baseline

covariates independently predicting CVD events are reported as HRs with 95% CIs over mean follow-up of 3.12
years: age (per decade; HR, 1.37; 95% CI, 1.15 to 1.64;
P,0.001), baseline log UACR (per SD; HR, 1.51; 95% CI,
1.32 to 1.73; P,0.001), history of a prior CVD event (HR,
2.20; 95% CI, 1.62 to 2.98; P,0.001), and baseline total
cholesterol (per 10 mg/dl; HR, 1.04; 95% CI, 1.00 to 1.07;
P=0.03). Bilateral ARAS associated with CVD events in
univariate analyses (HR, 1.58; 95% CI, 1.12 to 2.22;
P,0.01). Data on bilateral ARAS had missing records,
such that inclusion of this variable in the Cox models substantially lowered the sample size (from n=817 to n=664).
Therefore, two stepwise regressions, one with bilateral
ARAS and one without it, were conducted in sensitivity
analyses. When included in the modeling, bilateral ARAS
was retained as a predictor (HR, 1.47; 95% CI, 1.02 to 2.10;
P=0.04). Otherwise, the same set of predictor variables resulted regardless of whether bilateral ARAS was included
(Figure 4, Supplemental Table 1).

Discussion
In the CORAL Trial participants with ARAS, mean eGFR
was slightly low at baseline and remained so after 3 years of
follow-up. Stent treatment, when added to optimal medical
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Figure 1. | Creatinine-cystatin C Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) eGFR (milliliters per minute per 1.73 m2) in
randomized treatment groups of the Cardiovascular Outcomes in Renal Artery Stenosis Trial. Data are displayed as means6SDs. Pts, patients.

therapy, neither mitigated nor worsened eGFR. Although
more than one half of the participants had at least CKD stage
3 at study enrollment, eGFR over time was not predicted by
baseline eGFR. Instead, eGFR predictors included other CKD
risk factors, such as age, diabetes, sex, systolic BP, and
albuminuria. Notably, more severe ARAS did not predict
eGFR. Stent treatment did not modify eGFR or risks of clinical
events associated with CKD.

The clinical effects of renal artery revascularization by
stenting have been controversial, despite recent clinical
trials (5,6,10). The CORAL Trial participants with ARAS
had traditional risk proﬁles for CKD. Importantly, RAS
inhibition and target-driven control of multiple risk factors
were feasible, were safe, and produced outcomes for eGFR
and clinical events associated with CKD that were not bested by addition of stenting. An earlier collection of reports

Figure 2. | Forest plot displaying a multivariate model for baseline covariates of eGFR (Chronic Kidney Disease Epidemiology Collaboration
creatinine-cystatin C). All models were treatment and visit adjusted. Age, sex, and treatment were forced into the multiple variable model.
Covariates were added to the model sequentially and kept in the model if the significance level was P,0.10 (n=713). Age is displayed per 10
years. Systolic BP is displayed per 10 mmHg. Total cholesterol and HDL cholesterol are displayed per 10-mg/dl units. Log of urine albumin-tocreatinine ratio is displayed per SD. Estimates are per mean follow-up of 1.84 years. 95% CI, 95% confidence interval.
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Figure 3. | Forest plot displaying a multiple variable Cox proportional hazards model of baseline covariates for CKD events. CKD events were
a composite of $30% eGFR loss for .60 days, ESRD, and death caused by kidney disease. All models were treatment adjusted. A stepwise
model selection method was used with a significance level of P,0.10 for covariates to enter and stay in the model (n=811). Age, sex, and
treatment were forced into the multiple variable model. Age is displayed per 10 years. Systolic BP is displayed per 10 mmHg. Total cholesterol
and HDL cholesterol are displayed per 10-mg/dl units. Log of urine albumin-to-creatinine ratio is displayed per SD. Estimates are per mean
follow-up of 2.96 years. 95% CI, 95% confidence interval.

suggested that renal artery stenting may beneﬁt hypertension, kidney function, and various other clinical outcomes
(16–25). Most of these data were derived from observational cohorts (often retrospective), single-center experiences, and uncontrolled or underpowered clinical trials.
Frequent crossovers to stenting also limited interpretation
of the results. These studies did not assure optimal risk
factor management by contemporary standards, and
none mandated, although many avoided, RAS inhibitor
use. The primary outcomes were typically surrogates,
most commonly measures of BP. Indeed, the CORAL Trial
showed a small reduction in systolic BP by stenting, but it
did not translate into higher eGFR or lower risk of either
CKD or CVD events (10).
Effects of revascularization by stenting on longitudinal
eGFR have not been previously reported. The CORAL Trial
group receiving only medical therapy had transiently
lower serum creatinine–based eGFR than the stented
group at 3 and 6 months. Calculations of eGFR with cystatin C were only available from baseline and annual assessments. Nevertheless, from 1 year onward and in the
overall analysis, no between-group difference in eGFR was
detected by any estimating method with serum creatinine
and/or cystatin C. This response is reminiscent of early
GFR decline followed by stabilization after reducing BP
by RAS inhibition in patients with CKD (26,27). With BP
management including RAS inhibition in the CORAL
Trial, a similar phenomenon likely occurred. The CORAL
Trial risk prediction models for eGFR, CKD events, and

CVD events uniquely controlled for severity of kidney disease at baseline (eGFR and albuminuria). Predictors of
eGFR in the CORAL Trial were traditional CKD risk factors. In particular, the inverse relationship between systolic BP and eGFR reﬂects an association of lower BP
with higher eGFR over time. Baseline levels of HDL and
total cholesterol also favorably associated with eGFR and
CKD events. Dyslipidemia exacerbates kidney injury early
in the course of experimental ARAS (28). These data suggest that a more favorable lipid proﬁle may beneﬁt kidney
function in patients with ARAS.
Observational and uncontrolled studies suggest that
high-risk patients, such as those with more severe ARAS
or global ischemia, low eGFR or rapid eGFR decline,
uncontrolled hypertension, congestive heart failure, or
ﬂash pulmonary edema, may beneﬁt from stenting (29–
31). However, assessments of such cohorts have inherent
bias for treatment selection. Much of these data were collected during an earlier era, when optimal medical management was not well deﬁned and event rates for CKD,
CVD, and death were considerably higher (30). For example, in the CORAL Trial, bilateral ARAS predicted CVD
outcomes, but stenting did not reduce risk of these events.
Bilateral ARAS is an indicator of more severe vascular
disease and thereby, may associate with higher CVD
risk. From this randomized clinical trial testing optimal
medical therapy alone versus with stenting, these analyses
do not reveal variation in response to treatment by highrisk features. Therefore, the CORAL Trial data support the
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Figure 4. | Forest plot displaying a multiple variable Cox proportional hazards model of baseline covariates for cardiovascular disease (CVD)
events. CVD events were a composite of stroke, myocardial infarction, hospitalization for congestive heart failure, and death caused by CVD.
Prior CVD was defined as CVD events that occurred before entry into the Cardiovascular Outcomes in Renal Artery Stenosis (CORAL) Trial. All
models were treatment adjusted. A stepwise model selection method was used with a significance level P,0.10 for covariates to enter and stay
in the model (n=817). Age, sex, and treatment were forced into the multiple variable model. Age is displayed per 10 years. Total cholesterol is
displayed per 10-mg/dl units. Log of urine albumin-to-creatinine ratio is displayed per SD. Estimates are per mean follow-up of 3.12 years. Two
stepwise regressions, one with bilateral atherosclerotic renal artery stenosis (ARAS) and one without ARAS, were conducted. Because bilateral
ARAS had missing records, inclusion of this variable in the multivariate model substantially lowered the sample size (n=664). Therefore, the
model without ARAS is presented. The same set of predictors was obtained regardless of whether bilateral ARAS was included in the model by
sensitivity analysis. 95% CI, 95% confidence interval.

effectiveness of risk factor treatment and BP control with
RAS inhibition as standard of care in patients with
ARAS (32).
This study has both limitations and strengths. High-risk
patients may have been less likely to be referred to the
CORAL Trial. Few participants with a history of recent
hospitalization for congestive heart failure or advanced
CKD were enrolled. Patients with rapid decline in eGFR
may also have been less likely to be referred to the CORAL
Trial or other clinical trials of randomized treatment.
Nevertheless, ﬁndings from the CORAL Trial provide a
reasonable guide to ARAS management among patients
commonly seen in clinical practice. It is unlikely that a
randomized clinical trial of stenting could be conducted in
high-risk patients, who are relatively infrequent and at
greater risk of procedural complications, such as AKI and/or
atheroemboli. Thus, the risk-beneﬁt tradeoff of stenting
among patients with high-risk ARAS is uncertain. Questions about reproducibility and accuracy of GFR estimated
from measures of serum creatinine and the validity of a
20% decline in eGFR as an end point for studies in ARAS
have been raised (33). A recent report of using both serum
cystatin C and serum creatinine found substantially improved accuracy and precision for eGFR calculated by the
CKD-EPI equation across a wide range of eGFR levels

(15). Therefore, these analyses incorporated the newer
eGFR method and a deﬁnition of this end point as
$30% eGFR decline to align with the evolution of clinical
outcome deﬁnitions since embarking on the CORAL Trial.
In conclusion, the largest prospective, randomized clinical trial on ARAS to date, the CORAL Trial, did not show
that stent treatment inﬂuenced eGFR over 3 years in
participants receiving a foundation of RAS inhibition–based
therapy with target-driven control of BP, LDL cholesterol,
and hyperglycemia. Predictors of kidney function and clinical events for CKD and CVD were traditional risk factors
for kidney disease and atherosclerosis.
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