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Abstract

BACKGROUND—Atherosclerotic renal-artery stenosis is a common problem in the elderly.
Despite two randomized trials that did not show a benefit of renal-artery stenting with respect to
kidney function, the usefulness of stenting for the prevention of major adverse renal and
cardiovascular events is uncertain.

METHODS—We randomly assigned 947 participants who had atherosclerotic renal-artery
stenosis and either systolic hypertension while taking two or more antihypertensive drugs or
chronic kidney disease to medical therapy plus renal-artery stenting or medical therapy alone.
Participants were followed for the occurrence of adverse cardiovascular and renal events (a
composite end point of death from cardiovascular or renal causes, myocar-dial infarction, stroke,
hospitalization for congestive heart failure, progressive renal insufficiency, or the need for renal-
replacement therapy).
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RESULTS—Over a median follow-up period of 43 months (interquartile range, 31 to 55), the rate
of the primary composite end point did not differ significantly between participants who
underwent stenting in addition to receiving medical therapy and those who received medical
therapy alone (35.1% and 35.8%, respectively; hazard ratio with stenting, 0.94; 95% confidence
interval [CI], 0.76 to 1.17; P = 0.58). There were also no significant differences between the
treatment groups in the rates of the individual components of the primary end point or in all-cause
mortality. During follow-up, there was a consistent modest difference in systolic blood pressure
favoring the stent group (-2.3 mm Hg; 95% ClI, —4.4to —-0.2; P = 0.03).

CONCLUSIONS—Renal-artery stenting did not confer a significant benefit with respect to the
prevention of clinical events when added to comprehensive, multifactorial medical therapy in
people with atherosclerotic renal-artery stenosis and hypertension or chronic kidney disease.
(Funded by the National Heart, Lung and Blood Institute and others; ClinicalTrials.gov number,
NCT00081731.)

Renal-artery stenosis, which is present in 1 to 5% of people with hyper-tension,2 often
occurs in combination with peripheral arterial or coronary artery disease.3 Results of
community-based screening suggest that the prevalence among persons older than 65 years
of age may be as high as 7%.5 Renal-artery stenosis may result in hypertension, ischemic
nephropathy, and multiple long-term complications.8 Uncontrolled studies performed in the
1990s suggested that renal-artery angioplasty or stenting resulted in significant reductions in
systolic blood pressure’-8 and in the stabilization of chronic kidney disease.®:10
Subsequently, there were rapid increases in the rate of renal-artery stenting among Medicare
beneficiaries, with the annual number of procedures increasing 364% between 1996 and
2000.11 However, three randomized trials of renal-artery angioplasty failed to show a benefit
with respect to blood pressure.2-14 Two subsequent randomized trials of stenting did not
show a benefit with respect to kidney function.1>16 To our knowledge, no studies to date
have been designed specifically to assess clinical outcomes.

Given the prevalence of atherosclerotic renal-artery stenosis, this condition is an important
public health issue. If stenting prevents the progression of chronic kidney disease and lowers
blood pressure, it has the potential to prevent serious health consequences, including adverse
cardiovascular and renal events. In contrast, if stenting confers neither of these benefits, it is
likely to incur substantial cost without a public health advantage. Therefore, we performed a
randomized clinical trial to determine the effects of renal-artery stenting on the incidence of
important cardiovascular and renal adverse events.1”

METHODS
STUDY OVERSIGHT

The Cardiovascular Outcomes in Renal Athero-sclerotic Lesions (CORAL) study was a
multi-center, open-label, randomized, controlled trial that compared medical therapy alone
with medical therapy plus renal-artery stenting in patients with atherosclerotic renal-artery
stenosis and elevated blood pressure, chronic kidney disease, or both. The methods have
been described previously.1” The trial protocol was developed by the steering committee
(see the Supplementary Appendix, available with the full text of this article at NEJM.org)
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and was approved by the institutional review board at each participating center. The
members of the steering committee vouch for the accuracy and completeness of the data and
analyses and for the fidelity of this report to the trial protocol, which is available at
NEJM.org.

Funding was provided by the National Heart, Lung, and Blood Institute. Medications were
donated by AstraZeneca and Pfizer. The short-tip Angioguard device was donated by Cordis,
and supplemental financial support was provided by both Cordis and Pfizer. None of the
funders had any role in the design of the trial protocol, in the collection, analysis or
interpretation of the data, or in the decision to submit the manuscript for publication. The
trial was conducted under the guidance of an independent data and safety monitoring board
convened by the National Heart, Lung, and Blood Institute.

STUDY POPULATION

Before entry into the trial, all participating sites were required to qualify in a roll-in phase.
Qualification involved approval of the expertise of the lead onsite interventionalist by the
angiographic core laboratory. The details of this approval process are described in the
Supplementary Appendix.

Trial enrollment began on May 16, 2005. All participating patients provided written
informed consent. According to the original trial protocol, persons with severe renal-artery
stenosis were eligible if they had hypertension with a systolic blood pressure of 155 mm Hg
or higher while receiving two or more antihypertensive medications. Severe renal-artery
stenosis was defined angiographically as stenosis of at least 80% but less than 100% of the
diameter or stenosis of at least 60% but less than 80% of the diameter of an artery, with a
systolic pressure gradient of at least 20 mm Hg. All angiograms were analyzed by the
angiographic core laboratory at the University of Virginia with the use of a validated
computerized quantitative vascular analysis program (Medis QVA 6.0).

A number of subsequent changes were made in the enrollment criteria during the course of
the trial but before the trial concluded or the data were unblinded. The threshold of 155 mm
Hg for defining systolic hypertension was no longer specified. Patients who did not have
systolic hypertension but who had renal-artery stenosis could be enrolled if they had chronic
kidney disease, which was defined as an estimated glomerular filtration rate (GFR) of less
than 60 ml/min/1.73 m? of body-surface area, as calculated with the use of the modified
Modification of Diet in Renal Disease (MDRD) formula.1® Severe renal-artery stenosis
could be identified with the use of duplex ultrasonography, magnetic resonance angiography,
or computed tomographic angiography.

Exclusion criteria were renal-artery stenosis due to fibromuscular dysplasia, chronic kidney
disease from a cause other than ischemic nephropathy or associated with a serum creatinine
level higher than 4.0 mg per deciliter (354 umol per liter), kidney length of less than 7 cm,
and a lesion that could not be treated with the use of a single stent. Complete inclusion and
exclusion criteria are listed in the Supplementary Appendix.
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RANDOMIZATION AND INTERVENTIONS

We assigned participants, in a 1:1 ratio, to either medical therapy alone or stenting plus
medical therapy. Randomization was performed by means of an interactive voice
randomization system with the use of a permuted block design. All participants in both
treatment groups received antiplatelet therapy and other protocol-driven medical therapies to
control blood pressure and glucose and lipid levels in accordance with guidelines.19:20

Unless otherwise contraindicated, the following medications were mandated by the protocol:
the angiotensin 1l type-1 receptor blocker candesartan (Atacand, AstraZeneca), with or
without hydrochlorothiazide, and the combination agent amlodipine—atorvastatin (Caduet,
Pfizer), with the dose adjusted on the basis of blood pressure and lipid status. Participants
received voucher cards that allowed them to obtain the medications (candesartan,
hydrochlorothiazide, and atorvastatin-amlodipine) from their local pharmacies at no
personal cost. The target blood pressure was less than 140/90 mm Hg in patients without
coexisting conditions and less than 130/80 mm Hg in patients with diabetes or chronic
kidney disease. Medications were adjusted until the blood-pressure goal was reached.’
Blood pressure was measured three times, 2 minutes apart, in each participant, with the use
of an oscillometric device. The measurements were made while participants were sitting
quietly, and the mean of the last two measurements was used.

Participants in the stent group underwent placement of a Palmaz Genesis stent (Cordis);
predilation was performed at the discretion of the investigator. All renal arteries with
stenoses of 60% or more were treated. In patients with multiple stenoses, stenting could be
performed as a single procedure or in intervals of 2 to 4 weeks. Before August 2006, the use
of the short-tip Angioguard device was required for embolic protection; after this date, an
embolic protection device approved by the Food and Drug Administration (FDA) was used
at the operator's discretion.

Crossovers from the medical therapy group to the stent group were reviewed by a designated
crossover committee. Crossovers were not approved unless a qualifying outcome event had
occurred or all of the following conditions were met: acute anuric renal failure, complete
occlusion of all renal arteries, and at least one kidney more than 8 cm in length.

STUDY END POINTS

The primary end point was the occurrence of a major cardiovascular or renal event — a
composite of death from cardiovascular or renal causes, stroke, myocardial infarction,
hospitalization for congestive heart failure, progressive renal insufficiency, or the need for
permanent renal-replacement therapy. Myocardial infarction was adjudicated on the basis of
the presence of clinical symptoms or electrocardiographic changes and elevated cardiac
markers. Hospitalization for congestive heart failure was included in the analysis if the
patient was hospitalized for 12 hours or longer because of documented signs and symptoms
of heart failure and received intravenous therapy (vasodilators, diuretics, or inotropes) during
the hospital stay. Progressive renal insufficiency was defined as a reduction from baseline of
30% or more in the estimated GFR, with the reduction sustained for 60 days or longer and
not attributable to other causes. Secondary clinical end points included the individual
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components of the primary end point (with death from cardiovascular causes and death from
renal causes as separate end points), as well as all-cause mortality. Complete definitions of
the study end points are provided in the Supplementary Appendix. A single end-point
committee whose members were unaware of the group assignments adjudicated all end
points.

The definitions of end points were modified on March 12, 2012, by the CORAL steering
committee, and the modifications were approved by the data and safety monitoring board
and the FDA. These modifications, which were made before the data were unblinded and
with the steering committee unaware of event rates in the study groups, were intended to
bring the definitions of end points into alignment with clinical event definitions that had
evolved during the course of the study. Details of the changes in end-point definitions are
provided in Table S1 in the Supplementary Appendix.

STATISTICAL ANALYSIS

We originally calculated that 1080 participants would need to be enrolled for the study to
have 90% power to test the hypothesis that stenting would reduce the incidence of the
primary end point by 25% (hazard ratio, 0.75) at 2 years, at a two-sided type | error rate of
0.05. Because the recruitment was slower than anticipated, the data and safety monitoring
board recommended termination of recruitment on January 30, 2010 (at which point 947
participants had undergone randomization), and follow-up was extended through September
28, 2012, to preserve the statistical power.

All the analyses were performed on an intention-to-treat basis. All participants who
underwent randomization were included in the intention-to-treat analyses with the exception
of the 16 participants (8 in each group) who were enrolled at a single site at which scientific
integrity issues were identified; an administrative decision was made to exclude the data
from these participants from the intention-to-treat analysis (see additional information
below). Continuous variables are expressed as means and standard deviations and were
compared with the use of Student's t-tests. Medians are presented with interquartile ranges.
Categorical variables are expressed as proportions and were compared with the use of the
chi-square test or Fisher's exact test, as appropriate. Time-to-event outcomes (including the
primary end point) are expressed as Kaplan—Meier estimates and were compared between
the treatment groups with the use of the log-rank statistic. The Cox proportional-hazards
model was used to estimate the hazard ratios and associated 95% confidence intervals.
Prespecified secondary analyses included tests for interaction effects between the primary
end point and sex, race, presence or absence of diabetes, and presence or absence of global
renal ischemia (defined as stenosis of 60% or more of the diameter of all arteries supplying
both kidneys or stenosis of 60% or more of the diameter of all arteries supplying a single
functioning kidney). The effect of treatment on systolic blood pressure over time was
estimated with the use of a repeated-measures analysis.

The primary composite end point was tested at the 0.0497 level to adjust for a single interim
analysis. All other analyses were performed at the 0.05 level without adjustment for multiple
comparisons.
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STUDY POPULATION AND TREATMENT

Between May 16, 2005, and January 30, 2010, a total of 5322 patients were screened, and
947 were randomly assigned to stenting plus medical therapy (467 patients) or medical
therapy alone (480 patients) (Fig. 1). The reasons for nonenrollment of screened patients are
shown in Figure 1 and in Table S2 in the Supplementary Appendix. One center was found
during monitoring to have obtained consent from some participants after study procedures
were initiated. That site was terminated from the study, and the 16 participants at that site
were withdrawn from the study, owing to issues of scientific integrity relating to informed
consent and the eligibility of participants. All study data are reported for the remaining 931
trial participants.

The two groups were well matched at baseline (Table 1). Among the 472 patients in the
medical-therapy group, 19 crossed over to stenting. A total of 12 crossovers were not
approved by the crossover committee; 7 were approved because they occurred after the
patients had had a primary end-point event. Participants were followed for a median of 43
months (interquartile range, 31 to 55).

STENTING AND PERIPROCEDURAL EVENTS

Stents were placed in 434 of the 459 patients in the stent group (94.6%) and resulted in a
mean (£SD) reduction of the stenosis from 68+11% to 16+8% (P<0.001) (Fig. 1). The most
common angiographic complication was arterial dissection, which occurred in 11 patients
(details of stent treatment, including procedural complications, are provided in Table S3 in
the Supplementary Appendix). No one in the stent group (or in the medical therapy—only
group) required dialysis within 30 days after randomization. One person (0.2%) in the stent
group initiated dialysis between 30 and 90 days after randomization. A patient randomly
assigned to medical therapy alone had a fatal stroke on the day of randomization.

CLINICAL OUTCOMES

There was no significant difference in the occurrence of the primary composite end point
between the stent group and medical therapy—only group (35.1% and 35.8%, respectively;
hazard ratio, 0.94; 95% confidence interval [CI], 0.76 to 1.17; P = 0.58) (Table 2 and Fig. 2).
In addition, no significant between-group differences were observed in the rates of the
components of the primary end point (Table 2, and Fig. S1 through S6 in the Supplementary
Appendix). We also observed no significant difference in all-cause mortality during the
follow-up period (Table 2).

No interactions were observed between treatment and the four prespecified subgroups —
those defined according to sex, race (black vs. others), presence or absence of global
ischemia, and presence or absence of diabetes — with respect to the occurrence of a primary
end-point event (Fig. 3). In addition, no significant differences in the treatment effect were
observed in other subgroups.
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BLOOD PRESSURE OVER TIME

At baseline, participants were taking a mean of 2.1+1.6 antihypertensive medications. At the
end of the study, the number of medications increased in both the stent group and the
medical therapy—only group but did not differ significantly between the two groups (3.3+1.5
and 3.5+1.4 medications, respectively; P = 0.24). Systolic blood pressure declined in both
the medical therapy—only group (by 15.6£25.8 mm Hg) and the stent group (by 16.6+21.2
mm Hg). In the longitudinal analysis, the systolic blood pressure was modestly lower in the
stent group than in the medical therapy—only group (-2.3 mm Hg; 95% CI, —4.4 to —0.2 mm
Hg; P = 0.03), and the difference persisted throughout the follow-up period (Fig. S7 in the
Supplementary Appendix).

DISCUSSION

The CORAL trial was designed to test whether renal-artery stenting, when added to
protocol-driven contemporary medical therapy, improves clinical outcomes in persons with
atherosclerotic renal-artery stenosis. We found no benefit of stenting with respect to the rate
of the composite primary end point or any of its individual components, including death
from cardiovascular or renal causes, stroke, myocardial infarction, congestive heart failure,
progressive renal insufficiency, and the need for renal-replacement therapy. This result was
consistent across all prespecified subgroups, including patients with global renal ischemia
and patients with other high-risk characteristics. We did observe a modest, but statistically
significant, reduction of 2 mm Hg in systolic blood pressure with stenting, but this reduction
did not translate into a reduction in clinical events.

Other randomized trials, including the Angioplasty and Stenting for Renal Artery Lesions
(ASTRAL) triall® and the 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 (STAR) trial, 18 assessed the usefulness of renal-artery stenting with
respect to kidney function and showed no significant difference in this key measure. These
studies have been criticized for enrolling some participants who did not have clinically
significant renal-artery stenosis and for not having their findings confirmed by core
laboratories.?! In addition, none of the previous studies were designed specifically cally to
detect a benefit with respect to clinical events. We sought to address these concerns in
CORAL.

A key issue in the interpretation of our results is whether the medical therapy that was given
to CORAL participants can be replicated in clinical practice. The medical therapy in our
study included the use of an angiotensin-receptor blocker, with or without a thiazide-type
diuretic, with the addition of amlodipine for blood-pressure control. In addition, participants
received anti-platelet therapy and atorvastatin for management of lipid levels, and diabetes
was managed according to clinical practice guidelines.1?:20 With this regimen, patients who
received medical treatment alone had remarkably good cardiovascular and renal outcomes,
despite their advanced age and the high rates of hypertension, diabetes, chronic kidney
disease, and other coexisting cardiovascular conditions.
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Renal-artery stenting remains a common procedure in current clinical practice. The CORAL
study shows that, when added to a background of high-quality medical therapy,
contemporary renal-artery stenting provides no incremental benefit. From this result, it is
clear that medical therapy without stenting is the preferred management strategy for the
majority of people with atherosclerotic renal-artery stenosis.

The CORAL trial had some limitations. First, patients could be enrolled in the trial with
renal-artery stenosis of 60% or more, and there is debate about the severity of stenosis that is
necessary to justify intervention.22 However, we were unable to show a benefit among
participants with renal-artery stenosis of more than 80%, as measured by the enrolling
investigators. Second, we did not include patients with fibromuscular dysplasia, and several
studies suggest that angioplasty alone may improve blood-pressure control and even cure
hypertension in young persons.23 Third, although the inclusion criteria for CORAL were
intentionally broad, some patients who were screened and deemed to be eligible were not
enrolled in the trial, including patients who were not enrolled because of the preference of
their physician. Some of these patients may have been treated by means of stenting by
physicians who were convinced of the clinical benefit of the procedure. Nonetheless, the
baseline clinical and angiographic characteristics of the study population, as well as the
response with respect to systolic blood pressure, were remarkably similar to those in patients
enrolled in previous single-group, FDA-approval trials of renal stents.24-26

In summary, renal-artery stenting did not confer a significant benefit with respect to the
prevention of clinical events when added to comprehensive, multifactorial medical therapy
in people with atherosclerotic renal-artery stenosis and hypertension or chronic kidney
disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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5322 Potential participants were screened
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4375 Were not enrolled
801 Declined to participate
210 Were withdrawn by physician
1866 Met anatomical exclusion criteria
628 Met clinical exclusion criteria
870 Had other unspecified reasons

947 Underwent randomization

therapy

intervention

attempted

467 Were assigned to stent plus medical

442 Underwent assigned intervention
25 Did not undergo assigned

3 Could not have stent delivered
13 Did not meet lesion criteria

alone

480 Were assigned to medical therapy

478 Underwent assigned intervention
2 Declined medical therapy
19 Crossed over to stent plus medical
9 Did not have stent procedure therapy
7 Reached primary end point
before crossover to stent

8 Were excluded owing to
scientific integrity issue

8 Were excluded owing to
scientific integrity issue

62 Discontinued follow-up

primary end point

primary end point

33 Withdrew before a primary end point
8 Withdrew after a primary end point
19 Were lost to follow-up before a

2 Were lost to follow-up after a

81 Discontinued follow-up
53 Withdrew before a primary end point
7 Withdrew after a primary end point
18 Were lost to follow-up before a
primary end point
3 Were lost to follow-up after a
primary end point

459 Were included in primary analysis

472 Were included in primary analysis

Figure 1. Screening, Randomization, and Follow-up
All the participants who underwent randomization were included in the primary analysis,

with the exception of the 16 participants (8 in each group) enrolled at a single site at which
concerns regarding scientific integrity related to informed consent and eligibility of enrolled
participants were raised during monitoring. The 19 patients who crossed over from medical
therapy alone to stent plus medical therapy were included in the intention-to-treat analysis in
the medical therapy—alone group.

N Engl J Med. Author manuscript; available in PMC 2016 March 31.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Cooper et al.

Stent plus medical therapy

Medical therapy alone

Event-free Survival (%)
w
o
1

404
304
Hazard ratio with stenting, 0.94 (95% Cl, 0.76-1.17)
20 P=0.58 by log-rank test
10
0 T T T T 1
0 1 2 3 4 5
Years from Enrollment
No. at Risk
Medical therapy 472 371 314 214 115 40
alone
Stent plus medi- 459 362 318 224 131 59
cal therapy

Figure 2. Kaplan—Meier Curves for the Primary Outcome
Survival curves are truncated at 5 years owing to instability of the curves because few

participants remained in the study after 5 years.
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Subgroup

Overall
Creatinine level
>1.6 mg/dl
<1.6 mg/d|
Estimated GFR
=45 ml/min/1.73 m?
<45 ml/min/1.73 m?
Diabetes
Yes
No
Sex
Male
Female
Global ischemia
Yes
No
Race
Black
Other
Baseline systolic blood pressure
>160 mm Hg
<160 mm Hg
Age
>70 yr
<70yr
U.S. sites
Yes
No
Maximal diameter stenosis
=80%
<80%

Stent plus Medical
Therapy

Medical Therapy
Alone

no. of patients/total no. (%)

161/459 (35.1)

43/84 (51.2)
112/352 (31.8)

91/288 (31.6)
64/148 (43.2)

69/148 (46.6)
92/309 (29.8)

75/234 (32.1)
86/225 (38.2)

39/89 (43.8)
119/356 (33.4)

11/29 (37.9)
126/356 (35.4)

66/148 (44.6)
95/309 (30.7)

91/226 (40.3)
70/233 (30.0)

137/385 (35.6)
24/74 (32.4)

77/198 (38.9)
77/231 (33.3)

169/472 (35.8)

34/87 (39.1)
128/367 (34.9)

105/311 (33.8)
57/143 (39.9)

66/162 (40.7)
103/310 (33.2)

78/231 (33.8)
91/241 (37.8)

20/51 (39.2)
106/264 (40.2)

10/30 (33.3)
136/357 (38.1)

58/139 (41.7)
108/328 (32.9)

94/220 (42.7)
75/252 (29.8)

146/387 (37.7)
23/85 (27.1)

64/166 (38.6)
79/208 (38.0)

Hazard Ratio (95% Cl)

Stent plus
Medical
Therapy Better

Figure 3. Forest Plot of Treatment Effects within Subgroups
Hazard ratios for stenting plus medical therapy versus medical therapy alone include all

available follow-up data for the primary composite end point. None of the tests for treatment
and subgroup interaction were significant (P>0.05). To convert the values for creati-nine to
micromoles per liter, multiply by 88.4. The estimated glomerular filtration rate (GFR) was
calculated with the use of the modified Modification of Diet in Renal Disease formula.
Global ischemia was defined as stenosis of 60% or more of the diameter of all arteries
supplying both kidneys or stenosis of 60% or more of the diameter of all arteries supplying a
single functioning kidney. For the subgroup of blacks versus others, the analysis was limited
to U.S. sites. SBP denotes systolic blood pressure.
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0.94 (0.76-1.17)

1.35 (0.86-2.11)
0.87 (0.67-1.12)

0.93 (0.70-1.23)
0.98 (0.68—1.40)

1.15 (0.82-1.61)
0.84 (0.64-1.12)

0.89 (0.65-1.22)
0.99 (0.74-1.33)

1.07 (0.62-1.83)
0.78 (0.60-1.01)

1.01 (0.42-2.43)
0.88 (0.69-1.13)

1.02 (0.71-1.45)
0.90 (0.68-1.18)

0.87 (0.65-1.16)
1.00 (0.72-1.39)

0.90 (0.71-1.14)
1.22 (0.69-2.16)

0.93 (0.67-1.30)
0.84 (0.61-1.14)

P Value for
Interaction

0.09

0.80

0.17

0.64

0.32

0.62

0.55

0.56

0.38

0.66
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Table 1

Baseline Characteristics of the Study Population, According to Treatment Group. )

Characteristic

Age (yr)
Male sex (%)

Race (%) 7
Black
Other

Body-mass indexi

Systolic blood pressure (mm Hg)
Blood pressure at target level (%)§

Estimated GFR (ml/min/1.73 m?)”
Stage =3 chronic kidney disease (%)
Method of identification of stenosis (%)

Angiography

Duplex ultrasonography

Computed tomographic angiography

Magnetic resonance angiography
Medical history and risk factors (%)

Diabetes

Prior myocardial infarction

History of heart failure

Smoking in past yr

Hyperlipidemia

Angiographic findings//

% Stenosis, as assessed by core laboratory

% Stenosis, as assessed by investigator
. . *ok
Global ischemia (%)

Bilateral disease (%) 1t

Stenting plus Medical Therapy (N = 459)

69.3+9.4
51.0

7.0
93.0
28.2+5.3

149.9+23.2
29.2

58.0+23.4

49.6

68.4
25.5
44
1.7

32.4
26.5
12.0
28.0
89.4

67.3+x11.4
72.5£14.6
20.0

22.0

Medical Therapy Only (N = 472)

69.0+9.0
48.9

7.0
93.0
28.7+5.7

150.4+23.0
25.3

57.4+21.7

50.4

68.6
24.2
53
1.9

34.3
30.2
15.1
32.2
90.0

66.9+11.9
74.3£13.1
16.2

18.1

Page 14

*
Plus-minus values are means +SD. There were no significant differences between the groups in any of the characteristics listed here (P>0.05).

fRace was self-reported. Other included white (91.5% in the stent group and 90.9% in the medical therapy-only group), as well as American Indian
or Alaska Native, Asian, and Native Hawaiian or other Pacific Islander.

'tThe body-mass index is the weight in kilograms divided by the square of the height in meters.

§The target level of blood pressure was less than 140/90 mm Hg for patients without coexisting conditions and less than 130/80 mm Hg for patients
with diabetes or chronic kidney disease.

”The estimated glomerular filtration rate (GFR) was calculated with the use of the modified Modification of Diet in Renal Disease formula.

i

Al

ngiographic data are shown for patients who underwent invasive angiography.
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*:

*
Global ischemia was defined as stenosis of 60% or more of the diameter of all arteries supplying both kidneys or stenosis of 60% or more of the
diameter of all arteries supplying a single functioning kidney.

ﬁBiIateraI disease was defined as stenosis of 60% or more of the diameter of at least one artery supplying each kidney.
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Table 2
*
Clinical End Points.
End Point Stenting plus Medical Hazard Ratio (95% P Value
Medical Therapy Only Cl)
Therapy (N = (N =472)
459)
no. (%)
Primary end point: death from cardiovascular or renal causes, 161 (35.1) 169 (35.8) 0.94 (0.76-1.17) 0.58
stroke, myocardial infarction, hospitalization for congestive
heart failure, progressive renal insufficiency, or permanent
renal-replacement therapy 7
Components of primary end pointf
Death from cardiovascular or renal causes 20 (4.4) 20 (4.2)
Stroke 12 (2.6) 16 (3.4)
Myocardial infarction 30 (6.5) 27 (5.7)
Hospitalization for congestive heart failure 27 (5.9) 26 (5.5)
Progressive renal insufficiency 68 (14.8) 77 (16.3)
Permanent renal-replacement therapy 4(0.9) 3(0.6)
Secondary clinical end points§
Death from any cause 63 (13.7) 76 (16.1) 0.80 (0.58-1.12) 0.20
Death from cardiovascular causes 41 (8.9) 45 (9.5) 0.89 (0.58-1.36) 0.60
Death from renal causes 2(0.4) 1(0.2) 1.89 (0.17-20.85) 0.60
Stroke 16 (3.5) 23 (4.9) 0.68 (0.36-1.28) 0.23
Myocardial infarction 40 (8.7) 37 (7.8) 1.09 (0.70-1.71) 0.70
Hospitalization for congestive heart failure 39 (8.5) 39 (8.3) 1.00 (0.64-1.56) 0.99
Progressive renal insufficiency 77 (16.8) 89 (18.9) 0.86 (0.64-1.17) 0.34
Permanent renal-replacement therapy 16 (3.5) 8(1.7) 1.98 (0.85-4.62) 0.11

*
The hazard ratios were calculated with the use of multivariable proportional-hazards regression. P values were calculated with the use of the log-
rank statistic.

fOnIy the first event per participant is included in the composite.
’tComponents of the composite are included only if it was the first event contributing to the primary end point.

§The first event for each component of the primary composite end point is included as a secondary end point.
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