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ABSTRACT
OBJECTIVES The authors sought to describe the incidence, determinants, and outcome of elective coronary revascularization (ECR) in patients with stable coronary artery disease (CAD).
BACKGROUND Observational data are lacking regarding the practice of ECR in patients with stable CAD receiving
modern secondary prevention.
METHODS The authors analyzed coronary revascularization procedures performed during a 5-year follow-up in 4,094
stable CAD outpatients included in the prospective multicenter CORONOR (Suivi d’une cohorte de patients COROnariens
stables en région NORd-Pas-de-Calais) registry.
RESULTS Secondary prevention medications were widely prescribed at inclusion (antiplatelet agents 96.4%, statins
92.2%, renin-angiotensin system antagonists 81.8%). A total of 481 patients underwent $1 coronary revascularization
procedure (5-year cumulative incidences of 3.6% [0.7% per year] for acute revascularizations and 8.9% [1.8% per year]
for ECR); there were 677 deaths during the same period. Seven baseline variables were independently associated with
ECR: prior coronary stent implantation (p < 0.0001), absence of prior myocardial infarction (p < 0.0001), higher lowdensity lipoprotein cholesterol (p < 0.0001), lower age (p < 0.0001), multivessel CAD (p ¼ 0.003), diabetes mellitus
(p ¼ 0.005), and absence of treatment with renin-angiotensin system antagonists (p ¼ 0.020). Main indications for ECR
were angina associated with a positive stress test (31%), silent ischemia (31%), and angina alone (25%). The use of
ECR had no impact on the subsequent risk of death, myocardial infarction, or ischemic stroke (hazard ratio: 1.04;
95% conﬁdence interval: 0.76 to 1.41).
CONCLUSIONS These real-life data show that ECR is performed at a rate of 1.8% per year in stable CAD patients widely
treated by secondary medical prevention. ECR procedures performed in patients without noninvasive stress tests are not
rare. Having an ECR was not associated with the risk of ischemic adverse events. (J Am Coll Cardiol Intv 2018;11:868–75)
© 2018 by the American College of Cardiology Foundation.
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Elective Revascularization in Stable CAD

he management of patients with coronary ar-

prospectively completed at the initial visit by

ABBREVIATIONS

tery disease (CAD) has been substantially

the investigators (i.e., the treating cardiolo-

AND ACRONYMS

modiﬁed during the last decades by the

gists). The patients were then followed up by

increasing use of revascularization procedures and

their treating cardiologists. The number of

the effective evidence-based secondary prevention

outpatient visits as well as the practice and/or

therapies including antiplatelet agents, statins, and/

the type of noninvasive stress tests during

blocker

or

follow-up was at the discretion of the treating

BMS = bare-metal stent(s)

renin-angiotensin

Although

invasive

system

strategies

inhibitors
are

(1–4).

unanimously

cardiologists.

Protocol-speciﬁed

follow-up

accepted in the acute setting (3,4), uncertainty

was performed at 2 years and at 5 years, using a

largely persists regarding elective coronary revascu-

standardized case record form to report coro-

larization (ECR) procedures when performed in stable

nary

CAD outpatients treated with contemporary second-

revascularization was reported, all related

ary prevention therapies (1,2,5,6). There are limited

documents (reports of outpatient visits, re-

recent data in the literature on the real life practice

ports of noninvasive stress tests, discharge

of ECR in cohorts of patients with stable CAD (7,8).

summaries, percutaneous coronary interven-

We thus designed the present analysis to describe

tion [PCI] and/or coronary artery bypass

the incidence, determinants, and outcome of ECR

[CABG] reports) were collected. We also

procedures performed during a 5-year follow-up

collected follow-up data on death, MI, and

period in 4,184 stable CAD outpatients included in

ischemic stroke. Missing information was

the CORONOR (Suivi d’une cohorte de patients COR-

completed by contacting either their general

Onariens

practitioners and/or the patients themselves.

stables

en

région

NORd-Pas-de-Calais)

registry.

revascularizations.

When

coronary

All clinical events were adjudicated by 4
SEE PAGE 876

investigators (T.M., O.T., N.L., and C.B.) blin-

ACE = angiotensin-converting
enzyme

ARB = angiotensin receptor

CABG = coronary artery bypass
CAD = coronary artery disease
CI = conﬁdence interval
DES = drug-eluting stent(s)
ECG = electrocardiogram
ECR = elective coronary
revascularization

FFR = fractional ﬂow reserve
HR = hazard ratio
LDL-C = low-density
lipoprotein cholesterol

MI = myocardial infarction
PCI = percutaneous coronary
intervention

SHR = subhazard ratio

ded to each other. A third investigator joined the

METHODS

adjudication in case of disagreement according to pre-

STUDY POPULATION. The CORONOR study is a pro-

cedures were adjudicated as elective or acute. Acute

speciﬁed deﬁnitions. Coronary revascularization pro-

spective multicenter registry that included 4,184

coronary revascularizations were deﬁned as those

consecutive outpatients with stable CAD. The study

performed in a setting of an acute coronary syndrome,

population has been previously reported in detail

including all myocardial infarctions (ST-segment

(9,10). The patients were included by 50 cardiologists

elevation and non–ST-segment elevation myocardial

from the region Nord-Pas-de-Calais in France between

infarction) as well as unstable angina. Coronary re-

February 2010 and April 2011. Patients were considered

vascularizations not performed in a setting of an acute

eligible if they had evidence of CAD deﬁned by at least 1

coronary syndrome were deﬁned as ECR. In patients

of the following: previous myocardial infarction (MI)

with ECR, data on: 1) type of procedure (PCI, CABG); 2)

(>1 year ago), previous coronary revascularization

use of bare-metal stent (BMS) or drug-eluting stent

(>1 year ago), and/or obstruction of $50% of the

(DES) when stents were used; 3) the practice of frac-

luminal diameter of at least 1 native coronary vessel on

tional ﬂow reserve (FFR)-guided procedures; 4)

coronary angiography. The sole exclusion criterion was

anginal symptoms or equivalent before revasculari-

hospitalization for MI or coronary revascularization

zation; 5) the practice of noninvasive stress tests

within the last year. This study was approved by the

before revascularization, as well as the type of test if

French medical data protection committee and autho-

performed (electrocardiogram [ECG] exercise test,

rized by the Commission Nationale de l’Informatique

nuclear stress test, stress echocardiography); and 6)

et des Libertés for the treatment of personal health

antianginal medication modiﬁcation before revascu-

data. All patients consented to the study after

larization were retrospectively collected. The cause of

being informed through a written document of the

death was determined after a detailed review of the

objectives of the study and on the treatment of data,

circumstances of death and classiﬁed as cardiovascu-

as well as on their rights to object, of access, and of

lar or noncardiovascular (11). Deaths from unknown

rectiﬁcation.

cause were considered as cardiovascular. MI was
deﬁned according to the universal deﬁnition (12,13).

STUDY DESIGN AND DEFINITIONS. A case record

Ischemic stroke was deﬁned as a sudden onset of focal

form, which contained information regarding de-

neurological symptoms with the presence of cerebral

mographic and clinical details of the patients including

infarction in the appropriate territory on brain

usual cardiovascular risk factors and treatments, was

imaging.
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with ECR as a time-dependent variable. We assessed

T A B L E 1 Baseline Characteristics in the Overall Study Population and

the association with the combined endpoint of car-

According to ECR During the 5-Year Follow-Up

diovascular death, MI, or ischemic stroke, and with
All Patients
(N ¼ 4,094)

No Elective
Revascularization
(n ¼ 3,733)

Elective
Revascularization
(n ¼ 361)

p
Value

67  12

67  12

66  10

0.013

formed using the STATA version 14.1 software (STATA

Males

78.0

77.8

80.1

0.338

Corporation, College Station, Texas). Statistical sig-

History of hypertension

60.1

60.1

59.8

0.922

Diabetes mellitus

31.0

30.4

38.0

0.003

niﬁcance was assumed at a p value <0.05.

Age, yrs

all-cause mortality. Hazard ratios (HRs) and 95% CI
were calculated. All statistical analyses were per-

89  28

89  28

94  34

0.001

Current smoker

11.3

11.4

10.3

0.564

Prior MI

62.4

63.2

53.7

<0.0001

Multivessel CAD

57.8

57.0

65.4

0.002

STUDY POPULATION. A clinical follow-up was ob-

Prior stent implantation

68.8

67.8

78.7

<0.0001

tained at a median of 4.9 (interquartile range: 4.3 to 5.2)

LDL-C, mg/dl

RESULTS

21.4

21.5

19.7

0.430

years in 4,094 (98%) of the 4,184 patients with stable

58  11

57  11

59  10

0.041

CAD included in the CORONOR study; 90 patients were

Antiplatelet therapy

96.4

96.3

97.2

0.362

Table 1, most patients were male (78%), with a mean

ß-Blockers

79.2

79.6

74.8

0.030

ACE inhibitor or ARB

81.8

82.3

77.0

0.013

age of 67  12 years and with 31% of patients being

Statins

92.2

92.3

90.6

0.228

Prior coronary bypass
LVEF, %
Treatment at inclusion

lost to follow-up at the 5-year time point. As shown in

diabetic. A history of MI was documented in 62.4% of

Nitrates

14.8

14.5

17.5

0.141

cases, with 68.8% of the patients having had prior

Calcium antagonists

25.0

24.6

29.4

0.047

coronary stent implantation and 21.4% prior CABG.

Nicorandil

11.5

11.0

16.3

0.002

Secondary preventative medications were widely

Ivabradine

4.3

4.1

6.1

0.083

prescribed (antiplatelet agents 96.4%, statins 92.2%,

1.3  0.7

1.3  0.7

1.4  0.8

0.011

angiotensin-converting enzyme [ACE] inhibitors or

Antianginal drugs, n*

Values are mean  SD or %. *ß-Blockers, nitrates, calcium antagonists, nicorandil, ivabradine.
ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; CAD ¼ coronary artery disease;
ECR ¼ elective coronary revascularization; LDL-C ¼ low-density lipoprotein cholesterol; LVEF ¼ left ventricular
ejection fraction; MI ¼ myocardial infarction.

angiotensin receptor blockers [ARB] 81.8%, ß-blockers
79.2%). In addition to ß-blockers, medications with
antianginal effect included nitrates (14.8%), calcium
antagonists (25.0%), nicorandil (11.5%), and ivabradine
(4.3%). At inclusion, the mean number of antianginal

STATISTICAL ANALYSIS. Continuous variables were

drugs (ß-blockers, nitrates, calcium antagonists, nic-

described as the mean  SD or as median with 25th

orandil, ivabradine) was 1.3  0.7 per patient.

and 75th percentiles. Categorical variables were pre-

CORONARY

sented as absolute numbers and percentages. Cumu-

DURING FOLLOW-UP. Of the 4,094 patients, 481

lative incidence is from the estimated cumulative

underwent $1 coronary revascularization procedures

incidence functions. Univariate and multivariate as-

during the follow-up (5-year cumulative incidence of

sessments of baseline variables associated with ECR

11.8%) (Figure 1). As shown in Figure 2, the risk appeared

were performed using competitive risk regression

constant over time (2.4% per year). In total, there were

with death as the competing event according to the

589 coronary revascularization procedures (518 [88%]

method of Fine and Gray (14). Patients with acute

PCIs and 71 [12%] CABGs) in the 481 patients. DES alone

revascularization were not excluded from the dataset

were implanted in 371 PCI procedures, BMS alone in 96

and were not censored at time of acute revasculari-

procedures, DES and BMS in 4 procedures, and balloon

zation. Subhazard ratios (SHRs) and 95% conﬁdence

angioplasty alone in 47 procedures. Coronary revas-

intervals (CIs) were calculated. The proportional

cularization was performed in a setting of an acute

hazards assumption was tested and satisﬁed by

coronary syndrome in 28% of the cases, whereas 72%

including interaction time-dependent terms in the

were ECR procedures. Five-year cumulative incidences

multivariable regression analysis. Variables with a p

were 3.6% (0.7% per year) for acute revascularizations

value <0.05 in univariate analysis were entered into

and 8.9% (1.8% per year) for ECR.

REVASCULARIZATION

PROCEDURES

the ﬁnal model. Colinearity was excluded by means of

Baseline characteristics of patients with versus

a correlation matrix between candidate predictors.

patients without ECR are summarized in Table 1. By

Differences in categorical variables were assessed

competitive risk regression, 7 baseline variables were

using chi-square analysis. Differences in the number

independently associated with ECR during follow-up:

of antianginal medications were assessed by the

prior coronary stent implantation (SHR: 1.93; 95% CI:

paired Student’s t-test. The association of ECR with

1.47 to 2.53), no prior MI (SHR: 1.60; 95% CI: 1.27 to

subsequent outcome was assessed by Cox analysis

2.02), low-density lipoprotein-cholesterol (LDL-C)
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revascularization

in

a

context

of

ventricular

arrhythmia (n ¼ 7), revascularization before aortic
aneurysm intervention (n ¼ 2), and revascularization
following systematic coronary angiography (n ¼ 3).
In patients with angina and a positive stress test
and in patients with silent ischemia, the type of
noninvasive stress test was an ECG exercise test in
107 cases, a nuclear stress test in 72 cases, and a stress
echocardiography in 68 cases; in 17 patients, there
was documentation of a positive stress test, but the
type of test was not speciﬁed. The proportion of FFRguided procedures was low: 2.2%, 7.7%, and 4.8%, in
the angina and positive stress test group, the silent
ischemia group, and the angina alone group, respectively (p ¼ 0.121).
Table 3 summarizes the antianginal treatment at
time of ECR for the angina and positive stress test
group, the silent ischemia group, and the angina alone
group. The mean number of antianginal medications
per patient increased from 1.4  0.7 at inclusion to 1.7 
0.9 (p < 0.0001) before revascularization in the angina
and positive stress test group, and from 1.6  0.8 to 1.9 
0.9 (p ¼ 0.0001) in the angina alone group; by contrast,
the number of antianginal medications was unchanged
in the silent ischemia group (from 1.4  0.7 at inclusion
to 1.3  0.6 before revascularization; p ¼ 0.319).
TEMPORAL TRENDS IN ECR. A further analysis was

performed to determine whether practice patterns
regarding ECR may have evolved over time. We
compared 2 periods of time: February 2010 to
December 2012 (period 1; 9,298 patient-years) versus
January 2013 to July 2016 (period 2; 9,301 patientyears). There were 200 (2.1/100 patient-years) and
CAD ¼ coronary artery disease; MI ¼ myocardial infarction.

225 (2.4/100 patients-year) ECR procedures, in periods
1 and 2, respectively. The proportions of ECR procedures performed for angina and a positive stress test,

(SHR: 1.06 per 10-mg/dl increase; 95% CI: 1.03 to

silent ischemia, and angina alone were similar during

1.09), age (SHR: 0.85 per 10-year increase; 95% CI:

the 2 periods of time: 33%, 28.5%, and 26%, respec-

0.78 to 0.93), multivessel CAD (SHR: 1.42; 95% CI: 1.12

tively, during period 1, and 30.2%, 32.4%, and 23.1%,

to 1.81), diabetes mellitus (SHR: 1.39; 95% CI: 1.10 to

respectively, during period 2 (p ¼ 0.707). In patients

1.76), and baseline treatment with ACE inhibitors or

with documentation of ischemia by noninvasive

ARB (SHR: 0.73; 95% CI: 0.56 to 0.95) (Table 2).

testing before ECR, the proportions of ECG exercise

Antianginal therapy at baseline was not indepen-

test, nuclear stress test, and stress echocardiography,

dently associated with ECR during follow-up.

were similar during the 2 periods of time: 45.9%,

INDICATIONS FOR ECR. The indications for ECR are

illustrated in Figure 3. The 3 main indications were
angina associated with a positive stress test (134
procedures), silent ischemia (130 procedures), and

30.3%, and 23.8%, respectively, during period 1, and
41.3%, 28.9%, and 30.4%, respectively, during period 2
(p ¼ 0.513).
OUTCOME AFTER ELECTIVE CORONARY REVASCU-

angina alone (104 procedures). In addition, 27 ECR

LARIZATION. During the follow-up period, there were

procedures were performed in a context of clinical

677 deaths, 170 MIs, and 96 ischemic strokes in the

manifestations of heart failure and/or left ventricular

overall population. The composite endpoint of death,

dysfunction. Other indications were revascularization

MI, or ischemic stroke occurred in 869 patients (21.2%).

before or during aortic valvular intervention (n ¼ 15),

When used as a time-dependent variable, the use of
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F I G U R E 2 Cumulative Incidence of All Coronary Revascularizations, ECRs, and

T A B L E 2 Multivariate Analysis: Independent Predictors of ECR

Acute Coronary Revascularizations During the 5-Year Follow-Up

During the 5-Year Follow-Up
SHR

95% CI

p Value

Prior coronary stent implantation

1.93

1.47–2.53

<0.0001

No prior MI

1.60

1.27–2.02

<0.0001

LDL-C, per 10 mg/dl

1.06

1.03–1.09

<0.0001

Age, per 10-yr increase

0.85

0.78–0.93

<0.0001

Multivessel CAD

1.42

1.12–1.81

0.003

Diabetes mellitus

1.39

1.10–1.76

0.005

ACE or ARB at inclusion

0.73

0.56–0.95

0.020

CI ¼ conﬁdence interval; SHR ¼ subhazard ratios by competitive risk regression;
other abbreviations as in Table 1.

speciﬁc inclusion–exclusion criteria. Patient cohorts
and registries focusing on stable CAD are rare (7,18)
and were often performed at a time when secondary
prevention was not as stringent as in contemporary
practice. In the recent international CLARIFY registry
ECR ¼ elective coronary revascularization.

(Registry

to

Provide

Contemporary

Information

Regarding Characteristics, Management and Outcomes of Outpatients With Stable Coronary Artery

ECR was not associated with the risk of the composite

Disease) (8), the rate of coronary revascularization at 1-

endpoint (HR: 1.04; 95% CI: 0.76 to 1.41; p ¼ 0.803).

year follow-up was 2.5% overall.

Similar results were observed for all-cause mortality

Our result of a yearly rate of coronary revasculari-

(HR: 0.82; 95% CI: 0.56 to 1.20; p ¼ 0.298). Figure 4

zation of 2.4% is in line with the data from the

shows the incidence rates for both the composite

CLARIFY registry (8). It has to be underlined that this

endpoint and all-cause mortality according to ECR. In

was in a context of a high prescription of secondary

an analysis taking into account the indications, ECR for

prevention medications, including a nearly system-

angina and positive stress test, ECR for silent ischemia,

atic use of statins, which have been shown to reduce

and ECR for angina alone were not associated with

the use of coronary revascularization by about one-

the composite endpoint (HR: 0.57 95% CI: 0.29 to 1.15:

quarter per mmol/l reduction in LDL-C (19). More-

p ¼ 0.117; HR: 0.88 95% CI: 0.49 to 1.55; p ¼ 0.657; and

over, our study highlights that elective procedures

HR: 1.31 95% CI: 0.77 to 2.23; p ¼ 0.306, respectively;

account

patients without ECR as reference).

vascularizations performed in stable CAD patients. At

for

three-quarters

of

coronary

re-

the end of the 5-year follow-up, nearly 1 of 10 stable

DISCUSSION

CAD patients had undergone ECR, with most of the
procedures being PCIs. The design of our study also

International guidelines unanimously recommend

allows us to determine the baseline proﬁle of stable

coronary revascularization as an integral part of man-

CAD patients that are more likely to undergo ECR

agement in patients with acute coronary syndromes

during follow-up (Table 2). Although speculative,

(3,4). By contrast, the role of coronary revasculariza-

there might be different explanations linking these

tion for the treatment of patients with stable manifes-

variables to revascularization. A history of prior stent

tations of CAD remains a matter of intense debate, and

implantation identiﬁes a group of patients who are by

there is still important research ongoing in this area (6).

deﬁnition suitable for revascularization and for

There is an abundant amount of literature on the

whom restenosis may lead to recurrent procedures;

prognostic impact of coronary revascularization when

the greater amount of viable myocardium in patients

performed in patients with stable CAD (5,6,15). By

with no prior MI may be an incentive for revascular-

contrast, there is much less information on the real-life

ization;

practice of coronary revascularization (i.e., incidence,

mellitus) or insufﬁcient prescription of ACE inhibitors

indications, predictors) in populations of patients with

and/or ARB may have an impact on plaque progres-

residual

risk

factors

(LDL-C,

diabetes

stable CAD. Data from randomized studies that have

sion; ﬁnally, younger patients are probably more

speciﬁcally targeted this population (16,17) are useful

likely to undergo noninvasive testing and/or revas-

but may be subject to selection bias related to their

cularization when ischemia is suspected and/or
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F I G U R E 3 Indications of Coronary Revascularizations During

the Follow-Up Period

are rarely detailed and very often reported as “stable
CAD” (20) or “stable angina” (21,22). Our data show that
the main indications of ECR can be divided into
approximately 3 thirds: angina and positive stress test,
angina alone, and silent ischemia. Information on the
symptomatic status of CAD patients should be interpreted considering ongoing antianginal therapy.
Indeed, recent appropriate use criteria for coronary
revascularization in patients with stable ischemic
heart disease take account of the number of antianginal drugs (23). In the present study, medical therapy was intensiﬁed in symptomatic patients, with a
mean number of antianginal drugs per patient close to
2. There were, however, a signiﬁcant number of patients receiving no or minimal antianginal treatment at
the time of ECR (Table 3), leaving room for further
optimization. In addition, although it has been shown
that a systematic attempt to document myocardial
ischemia before coronary revascularization may be
lacking in current practice (24), the number of patients

HF ¼ heart failure and/or left ventricular dysfunction; other ¼
aortic valvular intervention, ventricular arrhythmia, pre-oper-

who underwent coronary revascularization for stable
symptoms alone (without documentation of ischemia

ative, electrocardiogram abnormalities, systematic coronary

by noninvasive testing) was surprisingly high. Coro-

angiography.

nary revascularization in this context would be
considered appropriate if guided by FFR (23), but this
was not the case in our study, where almost all pro-

detected. Other unexplored factors, such as the

cedures were angiographically guided. It should,

ﬁnancial impact for institutions and/or physicians,

however, be noted that FFR guidewires were not

might also have played a role in the decision to

reimbursed in France during most of the study period.

perform ECR.

This apparent aggressive use of ECR in stable CAD pa-

One strength of our study is the provision of detailed

tients should be pointed out, and this demonstration of

information on the indications for ECR in stable CAD.

a gap between consensus and/or guidelines and real-

To the best of our knowledge, this type of data has not

world practices supports continued education with a

been reported in previous reports on cohorts of stable

particular emphasis on the indications for ECR. More-

CAD patients. Even in recent clinical trials of coronary

over, the results of a recent randomized trial that failed

revascularization (PCI and/or CABG), the indications

to demonstrate an improvement in symptoms by PCI
when compared with optimal medical management
will have to be taken into account (25). The large

T A B L E 3 Antianginal Treatment at Time of ECR

ß-Blockers

number of revascularizations performed for silent

Angina and
Positive Stress Test
(n ¼ 134)

Silent
Ischemia
(n ¼ 130)

Angina
Alone
(n ¼ 104)

79.8

86.1

70.2

ischemia also has to be underlined. It is stated in recent
guidelines that patients with extensive ischemia may
derive beneﬁts from revascularization even in the

Nitrates

19.4

4.6

33.6

absence of symptoms (26). However, our dataset did

Calcium antagonists

33.6

28.5

37.5

not include a quantiﬁcation of the extent of ischemia

Nicorandil

21.6

8.5

27.9

before revascularization, and this issue could not be

Ivabradine

16.4

4.6

22.1

examined. Finally, we found no evidence of change in

0–1

44.0

69.2

35.6

2–3

52.0

30.8

59.6

4–5

3.0

—

4.8

1.7  0.9

1.3  0.6

1.9  0.9

Antianginal drugs, n*

Mean  SD

practice patterns regarding ECR of stable CAD patients
between 2010 and 2012, and between 2013 and 2016.
This may be related to the fact that the results of major
randomized trials on coronary revascularization in
stable CAD were already known when inclusions in the

Values are % mean  SD. *ß-Blockers, nitrates, calcium antagonists, nicorandil,
ivabradine.
ECR ¼ elective coronary revascularization.

CORONOR registry started in 2010 (5,27).
Whether or not coronary revascularization of stable
CAD patients may decrease the risk of death or MI is
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small differences. The present data should be

F I G U R E 4 Prognostic Impact of ECRs

considered as hypothesis-generating, and further
studies are needed. In addition to randomized trials
directly addressing the prognostic impact of revascularization as discussed earlier in the text, large
observational studies on the real-life practice of ECR
in stable CAD with long-term follow-up will also be
useful. Because the data reﬂect the practices in a
regional

area,

it

will

have

to

be

determined

whether our ﬁndings are representative of practices
in other parts of the world. Our study has, however,
several strengths: it is based on a large prospective
cohort, all included patients were CAD established
patients with high rates of previous coronary revascularization and evidence-based secondary prevenIncidence rates for the composite end point (cardiovascular death, myocardial infarction
[MI], or ischemic stroke) and for all-cause mortality according to elective coronary
revascularization during 5-year follow-up. Elective coronary revascularization (ECR) was

tion therapies, and all the outcome events were
blindly adjudicated.

used as a time-dependent variable. No revascularization indicates the before/no
revascularization states; revascularization indicates the post-revascularization state. p
Value is by the Cox model.

CONCLUSIONS
ECR procedures are performed at a rate of 1.8% per
year in patients with stable CAD and are mostly PCIs.

still largely debated (6). Although both the COURAGE

In one-quarter of the cases, ECR is performed for

(Clinical Outcomes Utilizing Revascularization and

angina alone without documentation of ischemia.

Aggressive Drug Evaluation) and the BARI 2D (Bypass

Having an ECR is not associated with the risk of

Angioplasty Revascularization Investigation 2 Dia-

subsequent adverse events. Whether or not ECR can

betes) trials failed to demonstrate a beneﬁt from an

improve patient outcome is, however, beyond the

early invasive approach in this population (5,27), large-

scope of our analysis and will require further studies.

scale nonrandomized studies have reported improved
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and whether or not revascularization is needed in
stable CAD will have to be determined by randomized

PERSPECTIVES

studies. The ongoing ISCHEMIA trial (International
Study of Comparative Health Effectiveness With

WHAT IS KNOWN? Observational data are lacking

Medical

regarding the practice of ECR in patients with stable

and

Invasive

Approaches)

is

currently

addressing this important and timely question (6). One

CAD receiving modern secondary prevention.

strength of the ISCHEMIA study versus the COURAGE
and BARI 2D studies is the inclusion of patients before

WHAT IS NEW? ECR procedures are performed at a

coronary angiography; a blinded computed tomogra-

rate of 1.8% per year in patients with stable CAD.

phy angiogram is performed to exclude left main dis-

Main indications are angina and positive stress test,

ease and to conﬁrm the presence of obstructive CAD

silent ischemia, and angina alone. Having an ECR is

before randomization.

not associated with the risk of subsequent adverse

STUDY LIMITATIONS. Information on the class of

events.

angina at time of ECR was not available. In addition,
information on quality of life after ECR was not
available. Regarding the association of ECR with
subsequent clinical events, it should be emphasized
that our study was not powered enough to detect

WHAT IS NEXT? Randomized studies are currently
investigating the role of ECR in patients with stable
CAD.
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