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IMPORTANCE It is unknown whether coronary revascularization, when added to optimal
medical therapy, improves prognosis in patients with stable ischemic heart disease (SIHD) at
increased risk of cardiovascular events owing to moderate or severe ischemia.

OBJECTIVE To describe baseline characteristics of participants enrolled and randomized in
the International Study of Comparative Health Effectiveness With Medical and Invasive
Approaches (ISCHEMIA) trial and to evaluate whether qualification by stress imaging or
nonimaging exercise tolerance test (ETT) influenced risk profiles.

DESIGN, SETTING, AND PARTICIPANTS The ISCHEMIA trial recruited patients with SIHD with
moderate or severe ischemia on stress testing. Blinded coronary computed tomography
angiography was performed in most participants and reviewed by a core laboratory to
exclude left main stenosis of at least 50% or no obstructive coronary artery disease (CAD)
(<50% for imaging stress test and <70% for ETT). The study included 341 enrolling sites
(320 randomizing) in 38 countries and patients with SIHD and moderate or severe ischemia
on stress testing. Data presented were extracted on December 17, 2018.

MAIN OUTCOMES AND MEASURES Enrolled, excluded, and randomized participants’ baseline
characteristics. No clinical outcomes are reported.

RESULTS A total of 8518 patients were enrolled, and 5179 were randomized. Common
reasons for exclusion were core laboratory determination of insufficient ischemia,
unprotected left main stenosis of at least 50%, or no stenosis that met study obstructive CAD
criteria on study coronary computed tomography angiography. Randomized participants had
a median age of 64 years, with 1168 women (22.6%), 1726 nonwhite participants (33.7%),
748 Hispanic participants (15.5%), 2122 with diabetes (41.0%), and 4643 with a history of
angina (89.7%). Among the 3909 participants randomized after stress imaging, core
laboratory assessment of ischemia severity (in 3901 participants) was severe in 1748 (44.8%),
moderate in 1600 (41.0%), mild in 317 (8.1%) and none or uninterpretable in 236 (6.0%),
Among the 1270 participants who were randomized after nonimaging ETT, core laboratory
determination of ischemia severity (in 1266 participants) was severe (an eligibility criterion) in
1051 (83.0%), moderate in 101 (8.0%), mild in 34 (2.7%) and none or uninterpretable in 80
(6.3%). Among the 3912 of 5179 randomized participants who underwent coronary
computed tomography angiography, 79.0% had multivessel CAD (n = 2679 of 3390) and
86.8% had left anterior descending (LAD) stenosis (n = 3190 of 3677) (proximal in 46.8%
[n = 1749 of 3739]). Participants undergoing ETT had greater frequency of 3-vessel CAD, LAD,
and proximal LAD stenosis than participants undergoing stress imaging.

CONCLUSIONS AND RELEVANCE The ISCHEMIA trial randomized an SIHD population with
moderate or severe ischemia on stress testing, of whom most had multivessel CAD.
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P rior strategy trials in patients with stable ischemic heart
disease (SIHD) that evaluated routine revasculariza-
tion added to optimal medical therapy (OMT), as com-

pared with an initial conservative strategy of OMT alone, did
not show a reduction in death or myocardial infarction (MI)
with early revascularization.1-3 While these trials used more
intensive medical therapy in contrast to trials conducted in the
prior era, cardiac catheterization was performed prior to ran-
domization such that the coronary anatomy was known to the
physician, patient, and study team and may have introduced
bias in patient selection and subsequent treatment. More-
over, patients were not selected based on a predefined thresh-
old of baseline ischemia. It is possible that randomization prior
to cardiac catheterization (to minimize selection bias) and
inclusion of patients at higher cardiovascular risk (such as
those with moderate or severe ischemia) may increase the
likelihood of demonstrating that an initial invasive strategy
improves prognosis in patients with SIHD, if any such benefit
exists.

The primary aim of the International Study of Compara-
tive Health Effectiveness with Medical and Invasive Ap-
proaches (ISCHEMIA) trial is to assess whether, in addition to
OMT, an initial invasive strategy of cardiac catheterization and
revascularization when feasible reduces clinical events as com-
pared with an initial conservative strategy of OMT, with cath-
eterization and revascularization reserved for failure of medi-
cal therapy, in patients with SIHD with moderate or severe
ischemia on stress testing. The purpose of this report is to (1)
outline reasons for exclusion of those who were enrolled but
not randomized, (2) describe the baseline characteristics of the
randomized population, and (3) describe the cohort random-
ized following stress imaging tests and nonimaging exercise
tolerance tests (ETT).

Methods
Details of the study design have been published.4 The pri-
mary end point is the composite of cardiovascular death, MI,
hospitalization for unstable angina, hospitalization for heart
failure, or resuscitated cardiac arrest, all strictly defined and
blindly adjudicated. A major secondary end point is the com-
posite of cardiovascular death or MI. The first enrollment was
in July 2012, with sequential initiation of 341 sites in 38 coun-
tries that enrolled and 320 sites that randomized participants
(see eTable 1 and eTable 2 in Supplement 1 for a list of site
personnel, committees, and study center personnel); the last
randomization was on January 31, 2018. The projected mean
follow-up is approximately 3.5 years, with a range of 1.5 to 7
years. The data in this manuscript are from a data extract on
December 17, 2018. The data will not be final until database
lock and therefore are subject to change. The formal trial pro-
tocols are detailed in Supplement 2. The study was approved
by the New York University School of Medicine institutional
review board on March 29, 2012. In addition, each enrolling
site obtained approval from its local or national institutional
review board or ethics committee that holds an institutional
review board organization number from the US Department

of Health and Human Services Office for Human Research Pro-
tections and complies with the Code of Federal Regulations title
45, part 46. Every participant was required to provide written
consent prior to enrollment and randomization.

Patient Eligibility Criteria
Patients with SIHD and moderate or severe ischemia on clini-
cally indicated stress imaging or severe ischemia on nonim-
aging ETT were eligible if they were clinically stable, includ-
ing medically controlled angina or silent ischemia. Key
exclusion criteria were estimated glomerular filtration rate
(eGFR) less than 30 mL/min/1.73 m2, MI or unstable angina
within 2 months, left ventricular ejection fraction less than
35%, unprotected left main stenosis of at least 50%, New York
Heart Association class III to IV heart failure or exacerbation
of chronic heart failure within 6 months, or unacceptable an-
gina despite maximally tolerated medical therapy. The latter
were evaluated primarily prior to enrollment, with confirma-
tion before randomization when participants were asked about
the frequency of angina. At least daily angina without ability
to further titrate medical or antianginal therapy excluded the
participant from randomization. Alternatively, prior to ran-
domization, individuals were asked “How bothersome is it for
you to take your pills for chest pain, chest tightness, or an-
gina as prescribed?” Of 6 potential responses, participants who
chose “extremely bothersome” were excluded. Assessment of
eligibility based on ischemia severity was made locally, but
stress studies were also read by independent core laborato-
ries for each modality (nuclear, echocardiography, cardiac mag-
netic resonance, and ETT) either before or after randomiza-
tion. Core laboratories educated sites about the target level of
ischemia during site training. As detailed in the protocol and
in the trial design report,4 the Clinical Coordinating Center
(CCC) designated sites that were permitted to randomize par-
ticipants based on site interpretation of the stress test result
(ie, before stress core laboratory review). These sites were ad-
vised to submit stress test results for core laboratory review

Key Points
Question What were the characteristics of International Study of
Comparative Health Effectiveness With Medical and Invasive
Approaches (ISCHEMIA) trial participants, and did qualification by
stress imaging or nonimaging exercise tolerance test influence risk
profiles?

Findings In this analysis of data for the ISCHEMIA randomized
clinical trial, randomized participants (n = 5179) were a median age
of 64 years, 41% had diabetes, 19% had prior myocardial
infarction, and 90% had prior angina. Stress imaging was the
qualifying test for 75% (86% with moderate or severe ischemia);
of those with coronary computed tomography angiography, 79%
had multivessel, 87% had left anterior descending coronary artery,
and 47% had proximal left anterior descending coronary artery
disease.

Meaning The International Study of Comparative Health
Effectiveness With Medical and Invasive Approaches trial
randomized stable patients with moderate or severe ischemia and
predominantly multivessel and/or left anterior descending
coronary artery disease
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before randomization whenever there was local uncertainty
about ischemia severity. Remaining sites were advised to de-
lay randomization until the stress core laboratory confirmed
moderate or severe ischemia and to exclude any enrolled par-
ticipants with insufficient ischemia based on the interpreta-
tion of the core laboratory (eTable 3 in Supplement 1).5 To
reduce workflow complexity and therefore enhance enroll-
ment, in October 2014, many more sites were given permis-
sion to randomize participants based on accruing data on con-
cordance with core laboratory interpretation. Therefore, some
enrolled participants were excluded from randomization ow-
ing to insufficient ischemia as determined by core laboratory
review, and some randomized participants were determined
to have less than moderate ischemia by core laboratories af-
ter randomization, which was consistent with the protocol.
Sites were monitored for concordance of stress test interpre-
tation with the core laboratories. Corrective actions were taken
for sites with discordant reads, including an education ses-
sion with the core laboratory and/or requirement to wait for
confirmation of ischemia severity before randomizing future
participants. This operational workflow was intended to as-
sure that most participants were considered by independent
experts to have moderate or severe ischemia and to preserve
trial power.

Coronary anatomic entry criteria were incorporated into
the trial as follows: blinded coronary computed tomographic
angiography (CCTA) was performed in most participants with
eGFR of at least 60 mL/min/1.73 m2 who qualified based on
stress imaging. Coronary CTA was not required in all partici-
pants, eg, those with eGFR less than 60 mL/min/1.73m2, known
coronary anatomy, or other reasons with a low index of sus-
picion of left main stenosis.4 Study staff, participants, and their
physicians were advised whether the blinded CCTA core-
laboratory interpretation demonstrated anatomic eligibility, but
no further details regarding extent and severity of coronary ar-
tery disease (CAD) were provided unless they were excluded
from randomization.

Anatomiceligibilitycriteriaafterimagingstresstestsrequired
at least 50% stenosis in at least 1 major coronary artery. To avoid
false-positives among participants who underwent nonimaging
ETT and to maximize enrollment of patients at increased risk,
either CCTA or, in a small number of participants, cardiac cath-
eterization within the prior year was required for these partici-
pants. In addition, eligibility criteria for participants enrolled
based on ETT required all of the following: (1) history of stable
or exercise test-induced typical angina; (2) an interpretable rest-
ing electrocardiogram (eg, no resting ST-segment depression
≥1 mm and no left ventricular hypertrophy with repolariza-
tion abnormalities); (3) at least 2 leads showing new exercise-
induced ST-segment depression of at least 1.5 mm or a single
lead of at least 2 mm, or exercise-induced ST-segment eleva-
tion of at least 1.5 mm in a noninfarct territory, as compared
to the baseline tracing, occurring at an early stage (≤7 METS)
or at heart rate less than 75% of age-predicted maximum; and
(4) demonstration of at least 70% stenosis in a coronary ar-
tery serving a large myocardial region, defined as the proxi-
mal or mid left anterior descending (LAD), proximal or mid right
coronary artery, or proximal left circumflex or equivalent.4

Coronary Computed Tomography Angiography Analysis
Anatomic eligibility was assessed at an independent CCTA
core laboratory prior to randomization, defined as the
absence of at least 50% unprotected left main stenosis and
presence of obstructive CAD using the stress test modality–
specific definitions listed previously, based on a consensus of
2 readers, with a third reader as needed to resolve discrepan-
cies. To maximize data on coronary anatomy, we subse-
quently collected available CCTA images (nonstudy CCTA)
that were performed less than 1 year prior to enrollment for
CCTA core laboratory review (n = 148). For each arterial seg-
ment, percent stenosis was categorized as 0%, 1% to 24%,
25% to 49%, 50% to 69%, 70% to 100%, or uninterpretable
for severity of stenosis by the core laboratory. The principles
guiding core laboratory review were to maintain participant
safety with regard to exclusion of significant left main CAD
and to diagnose the presence or absence of obstructive CAD
in other major coronary arteries. The CCTA core laboratory
director reviewed all cases to confirm the absence of signifi-
cant unprotected left main stenosis. The core laboratory
readers made their best attempt to characterize stenosis in
any scans of suboptimal quality in this trial population,
which included patients with conditions that could limit scan
quality (eg, difficulty with breath holding or extensive coro-
nary calcification).

The number of vessels diseased was determined for
CCTA studies in which at least all of the following segments
were interpretable for percent stenosis: left main, proximal
and mid LAD, first diagonal, proximal left circumflex, first
obtuse marginal, proximal and mid right coronary artery,
and the posterior descending artery. In addition, the CCTA
was included in the assessment of number of vessels dis-
eased if the right coronary artery was evaluable and the left
main or both the LAD and left circumflex had at least 50%
stenosis. Coronary CTA studies were categorized as showing
multivessel disease if the left main coronary artery had at
least 50% stenosis and/or at least 2 of the LAD, left circum-
flex, and right coronary artery had at least 50% stenosis,
even if 1 of these 3 coronary arteries could not be assessed
for percent stenosis.

Randomization
Enrolled participants who met all eligibility criteria were ran-
domized to an invasive or conservative strategy via an inter-
active web response system (IXRS; Almac Group). Details of
the 2 strategies have been published.4

Statistical Analysis
Baseline characteristics are presented as medians (25th, 75th
percentiles) of continuous variables and as counts (percent-
ages) of categorical variables. Characteristics of randomized
participants vs those excluded after enrollment and between
participants qualifying on the basis of stress imaging vs ETT
are shown in the tables. Hypothesis testing of between-group
differences was not performed because these groups were
known to differ as a result of different selection criteria. All
analyses were performed using SAS, version 9.4 (SAS Insti-
tute Inc).
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Table 1. Enrolled, Excluded, and Randomized Participant Baseline Characteristics

Characteristic

No./Total No. (%)

Enrolled
(n = 8518)

Excluded
(n = 3339)

Randomized
(n = 5179)

Demographics

Age at enrollment, y

No. 8518 3339 5179

Median (IQR) 63 (57-70) 62 (55-68) 64 (58-70)

Female 2262/8518 (26.6) 1094/3339 (32.8) 1168/5179 (22.6)

Race

American Indian or Alaskan Native 20/8433 (0.2) 7/3304 (0.2) 13/5129 (0.3)

Asian 2568/8433 (30.5) 1083/3304 (32.8) 1485/5129 (29.0)

Native Hawaiian or other Pacific Islander 19/8433 (0.2) 7/3304 (0.2) 12/5129 (0.2)

Black or African American 410/8433 (4.9) 206/3304 (6.2) 204/5129 (4.0)

White 5395/8433 (64.0) 1992/3304 (60.3) 3403/5129 (66.3)

Multiple races reported 21/8433 (0.2) 9/3304 (0.3) 12/5129 (0.2)

Ethnicity

Hispanic or Latino 1102/7924 (13.9) 354/3109 (11.4) 748/4815 (15.5)

Not Hispanic or Latino 6822/7924 (86.1) 2755/3109 (88.6) 4067/4815 (84.5)

Clinical history

Hypertension 6031/8474 (71.2) 2242/3313 (67.7) 3789/5161 (73.4)

Diabetes 3128/8517 (36.7) 1006/3338 (30.1) 2122/5179 (41.0)

Prior myocardial infarction 1354/8419 (16.1) 364/3258 (11.2) 990/5161 (19.2)

Cigarette smoking

Never 3903/8276 (47.2) 1694/3103 (54.6) 2209/5173 (42.7)

Former 3327/8276 (40.2) 1002/3103 (32.3) 2325/5173 (44.9)

Current 1046/8276 (12.6) 407/3103 (13.1) 639/5173 (12.4)

Laboratory values

Estimated GFR from enrollment, mL/min

No. 8518 3339 5179

Median (IQR) 82 (69-97) 83 (72-98) 81 (67-97)

Baseline ECG core laboratory interpretation

Q waves: meets UMI criteriaa 555/4769 (11.6) NA 555/4769 (11.6)

ST-segment depression ≥0.5mmb 514/4922 (10.4) NA 514/4922 (10.4)

T-wave inversion ≥1 mm 399/4923 (8.1) NA 399/4923 (8.1)

Qualifying stress test core laboratory interpretation

Ischemia severity by imaging modality

Stress imaging overall 5940/8517 (69.7) 2031/3338 (60.8) 3909/5179 (75.5)

Severity

Severe 2279/5897 (38.6) 531/1996 (26.6) 1748/3901 (44.8)

Moderate 2178/5897 (36.9) 578/1996 (29.0) 1600/3901 (41.0)

Mild 812/5897 (13.8) 495/1996 (24.8) 317/3901 (8.1)

None 607/5897 (10.3) 381/1996 (19.1) 226/3901 (5.8)

Uninterpretable 21/5897 (0.4) 11/1996 (0.6) 10/3901 (0.3)

Exercise tolerance test 2577/8517 (30.3) 1307/3338 (39.2) 1270/5179 (24.5)

Severity

Severe 1715/2441 (70.3) 664/1175 (56.5) 1051/1266 (83.0)

Moderate 345/2441 (14.1) 244/1175 (20.8) 101/1266 (8.0)

Mild 109/2441 (4.5) 75/1175 (6.4) 34/1266 (2.7)

None 108/2441 (4.4) 80/1175 (6.8) 28/1266 (2.2)

Uninterpretable 164/2441 (6.7) 112/1175 (9.5) 52/1266 (4.1)

(continued)
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Results

Study Population
Of 8518 participants enrolled, 3339 failed eligibility screening
and 5179 were randomized (61%): 2588 to the invasive and
2591 to the conservative strategy groups. Baseline character-
istics of participants who were enrolled, excluded after
enrollment, and randomized are shown in Table 1, with rea-
sons for screen failure depicted in the Figure. The most com-
mon reasons for ineligibility in excluded participants were un-
protected left main stenosis of at least 50% (n = 434), no

significant obstructive CAD on study CCTA (n = 1218) defined
according to imaging vs nonimaging stress test modality, or
insufficient ischemia (n = 1350), as determined by the desig-
nated core laboratories when stress test results were
reviewed prior to randomization. Randomized participants
had similar demographics compared with eligible, nonran-
domized participants, except the proportion of women was
higher among those who were excluded after enrollment
than among those who were randomized (n = 1094 [33%] vs
n = 1168 [23%]) (Table 1). These differences were largely
owing to higher frequency of insufficient ischemia on stress
testing and of no obstructive disease on CCTA among

Table 1. Enrolled, Excluded, and Randomized Participant Baseline Characteristics (continued)

Characteristic

No./Total No. (%)

Enrolled
(n = 8518)

Excluded
(n = 3339)

Randomized
(n = 5179)

Nuclear 3843/8517 (45.1) 1276/3338 (38.2) 2567/5179 (49.6)

Severity

Severe 1177/3817 (30.8) 207/1254 (16.5) 970/2563 (37.8)

Moderatec 1588/3817 (41.6) 386/1254 (30.8) 1202/2563 (46.9)

Mild 565/3817 (14.8) 352/1254 (28.1) 213/2563 (8.3)

None 468/3817 (12.3) 298/1254 (23.8) 170/2563 (6.6)

Uninterpretable 19/3817 (0.5) 11/1254 (0.9) 8/2563 (0.3)

Echo 1784/8517 (20.9) 699/3338 (20.9) 1085/5179 (20.9)

Severity

Severe 926/1769 (52.3) 300/688 (43.6) 626/1081 (57.9)

Moderatec 500/1769 (28.3) 184/688 (26.7) 316/1081 (29.2)

Mild 218/1769 (12.3) 130/688 (18.9) 88/1081 (8.1)

None 123/1769 (7.0) 74/688 (10.8) 49/1081 (4.5)

Uninterpretable 2/1769 (0.1) 0/688 (0.0) 2/1081 (0.2)

CMR 313/8517 (3.7) 56/3338 (1.7) 257/5179 (5.0)

Severity

Severe 176/311 (56.6) 24/54 (44.4) 152/257 (59.1)

Moderate 90/311 (28.9) 8/54 (14.8) 82/257 (31.9)

Mild 29/311 (9.3) 13/54 (24.1) 16/257 (6.2)

None 16/311 (5.1) 9/54 (16.7) 7/257 (2.7)

Uninterpretable 0/311 (0.0) 0/54 (0.0) 0/257 (0.0)

CCTA findingsd

Any obstructive disease ≥50% stenosis
by CCTA

4672/5402 (86.5) 840/1566 (53.6) 3832/3836 (99.9)

Multivessel disease ≥50% stenosis
by CCTA

3348/5111 (65.5) 669/1721 (38.9) 2679/3390 (79.0)

Vessels ≥50% stenosis by CCTA

0 730/4375 (16.7) 726/1389 (52.3) 4/2986 (0.1)

1 785/4375 (17.9) 88/1389 (6.3) 697/2986 (23.3)

2 1081/4375 (24.7) 143/1389 (10.3) 938/2986 (31.4)

≥3 1779/4375 (40.7) 432/1389 (31.1) 1347/2986 (45.1)

Specific native vessels with ≥50%
stenosis by CCTA

Left main 501/5757 (8.7) 461/1912 (24.1) 40/3845 (1.0)

Left anterior descending 3893/5417 (71.9) 703/1740 (40.4) 3190/3677 (86.8)

Proximal LAD 2248/5633 (39.9) 499/1894 (26.3) 1749/3739 (46.8)

Left circumflex 2889/5172 (55.9) 535/1677 (31.9) 2354/3495 (67.4)

Right coronary artery 2844/4956 (57.4) 533/1597 (33.4) 2311/3359 (68.8)

Abbreviations: CCTA, coronary
computed tomographic angiography;
CMR, cardiac magnetic resonance;
ECG, electrocardiogram; ETT, exercise
tolerance test; GFR, glomerular
filtration rate; IQR, interquartile range;
LAD, left anterior descending;
MI, myocardial infarction; NA, not
applicable; UMI, universal definition of
myocardial infarction.
a Meets universal definition of MI in 2

leads in at least 1 territory (anterior,
inferior, or lateral).

b Protocol criteria to enter through
the ETT pathway required absence
of resting ST-segment depression of
at least 1 mm at the time of ETT. The
baseline prerandomization ECG was
not always acquired on the day of
the ETT.

c The determination of moderate
ischemia by the core laboratory
included ancillary criteria (eg, heart
rate and workload) for 26
randomized and 4 excluded
participants who were enrolled after
stress nuclear and for 30
randomized and 6 excluded
participants who were enrolled after
stress echocardiography.

d Includes study and nonstudy CCTAs.
Enrolled participants with study
CCTA: 5757. Enrolled participants
with nonstudy CCTA: 148.
Randomized participants with any
study or nonstudy CCTA: 3912. These
numbers represent 50% stenosis
criteria for all stress test modalities, in
contrast to the Figure, which shows
excluded participants based on those
who did not meet the differential
50% and 70% stenosis criteria for
imaging and nonimaging stress tests,
respectively.
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women. The remaining description pertains to the random-
ized cohort.

Baseline Characteristics
Clinical characteristics of the randomized population are shown
in Table 2, stratified according to whether the patient quali-
fied for the trial by stress imaging or ETT. Median age was 64
years, with a high prevalence of diabetes (n = 2122 of 5179
[41.0%]) and hypertension (n = 3789 of 5161 [73.4%]). Over-
all, 990 of 5161 (19.2%) had prior MI. Left ventricular ejection
fraction was normal in most participants. Most participants had
a history of angina prior to enrollment, with only 536 of 5179
(10.3%) reporting no history of angina, ie, silent ischemia, and
4138 of 5177 (79.9%) reporting angina within the last month
(Table 3). The median Seattle Angina Questionnaire angina fre-
quency score (range 0-100, higher more favorable) was 80. New
or worsening angina was reported in the prior 3 months in 1358
of 4637 participants (29.3%), with new onset of angina within
that time in 858 of 4918 (17.4%). Only 206 of 5179 (4.0%) had
a history of heart failure. Study team assessment of heart
failure symptoms, eg, dyspnea on exertion, in all random-
ized participants the month prior to enrollment revealed

that 2015 of 5179 (38.9%) had New York Heart Association
class I to II symptoms.

Stress Test Findings
Of those randomized, the qualifying stress test modality was
stress imaging in 3909 (75%); the remainder were nonimag-
ing ETTs. Core laboratories judged that the trial-required level
of ischemia was met (moderate or severe for imaging test re-
sults and severe for ETT) in 4399 of 5167 randomized partici-
pants (85%). Among the cohort randomized via stress imaging,
1748 of 3901 had severe ischemia (44.8%), 1600 of 3901 had
moderate ischemia (41.0%), 317 of 3901 had mild ischemia
(8.1%), and 236 of 3901 had no ischemia or were uninterpre-
table on core laboratory review (6.0%). Among the cohort
randomized via ETT, 1051 of 1266 (83.0%) had severe ische-
mia, 101 of 1266 (8.0%) had moderate ischemia, 34 of 1266
(2.7%) had mild ischemia, and 80 of 1266 (6.3%) had no ische-
mia or were uninterpretable on core laboratory review. A higher
proportion of participants who had ETT had severe ischemia
because we defined the criteria to qualify by ETT as severe
ischemia (Table 1 and Table 4).

Coronary Artery Anatomic Findings
Coronary CTA was not performed in some randomized par-
ticipants owing to low eGFR (n = 568 of 5179 [11.0%]) known
coronary anatomy (n = 570 of 5179 [11.0%]), or other reasons
(n = 129 of 5179 [2.5%]). In the randomized cohort that had
CCTA reviewed by the core laboratory (3912 of 5179 [76%], in-
cludes study and nonstudy CCTA), 99.9% (n = 3832 of 3836)
had at least 50% stenosis of at least 1 vessel and 79.0% (n = 2679
of 3390) had multivessel CAD. Among the 2986 participants
with CCTA evaluable for number of vessels diseased, 1-ves-
sel, 2-vessel, and 3-vessel CAD was observed in 697 (23.3%),
938 (31.4%), and 1347 (45.1%) participants, respectively; 86.8%
had LAD stenosis (n = 3190 of 3677), and 46.8% had proximal
LAD stenosis (n = 1749 of 3739) (Table 4).

Stress Imaging vs ETT
As compared with those who qualified based on stress imaging,
those randomized based on ETT were younger, less often of
white race and non-Hispanic ethnicity owing to more fre-
quent use of ETT at Asian sites, and had fewer comorbidities
including a lower prevalence of hypertension, prior MI, prior
PCI, prior coronary artery bypass grafting, and prior stroke
(Table 4). However, a higher proportion of participants ran-
domized based on ETT had 3-vessel disease and disease in the
LAD, including the proximal LAD, compared with those who
qualified via stress imaging (Table 4).

Vital Signs, Laboratory Tests ,and Medications
Median baseline systolic blood pressure was 130 mm Hg (in-
terquartile range [IQR], 120-142 mm Hg), and median low-
density lipoprotein cholesterol level was 83 mg/dL (IQR, 63-
111 mg/dL; to convert to micromoles per liter, multiply by
0.0259). Most participants had normal eGFR, with median 81
mL/min/1.73m2 (IQR, 67-97 mL/min/1.73m2) (eTable 4 in
Supplement 1). Medication use at baseline is shown in eTable 5
in Supplement 1. Almost all were receiving antiplatelet or

Figure. Participant Flow From Enrollment to Randomization

8518 Enrolled
5757 Study CCTA performed

2588 Invasive strategy

Follow-up

2591 Conservative strategy

5179 Randomized

3339 Excluded
1350 Insufficient ischemia
1218 No obstructive disease

on study CCTA
434 Unprotected left main

disease on study CCTA
177 Other study CCTA exclusion
261 Withdrew consent
49 Intercurrent event

147 Other illness
281 Other exclusion

Those who were excluded after consent and enrollment are indicated in the
right side box. An enrolled participant may have more than 1 reason for being
excluded before randomization and therefore may be counted in more than 1
screen failure category (n = 594). Coronary computed tomography angiography
(CCTA) was not required in all participants, eg, those with estimated glomerular
filtration rate of less than 60 mL/min/1.73 m2 or catheterization or CCTA within
the prior year. To maximize information about baseline coronary anatomy, we
subsequently collected available CCTA images that were performed less than 1
year prior to enrollment for CCTA core laboratory review (n = 148).
No obstructive disease was defined as no epicardial coronary artery stenosis at
least 50% on study CCTA for participants who were enrolled after stress
imaging or no stenosis at least 70% in specified segments for participants who
were enrolled after exercise tolerance test.4 Unprotected left main disease was
defined as at least 50% stenosis on study CCTA. Incidental findings were
defined as incidental findings on study CCTA of sufficient clinical importance
that site investigators did not find randomization appropriate.
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Table 2. Randomized Participant Baseline Characteristics and Clinical History Intent-to-Treat Population,
Imaging Stress Test vs Exercise Tolerance Test

Characteristic

No./ Total No. (%)

Total (n = 5179)
Imaging Stress Test
(n = 3909)

Exercise Tolerance Test
(n = 1270)

Demographics

Age at randomization, y

No. 5179 3909 1270

Median (IQR) 64 (58-70) 66 (59-72) 60 (54-66)

Female 1168/5179 (22.6) 924/3909 (23.6) 244/1270 (19.2)

Race

American Indian or Alaskan
Native

13/5129 (0.3) 11/3865 (0.3) 2/1264 (0.2)

Asian 1485/5129 (29.0) 557/3865 (14.4) 928/1264 (73.4)

Native Hawaiian or other Pacific
Islander

12/5129 (0.2) 10/3865 (0.3) 2/1264 (0.2)

Black or African American 204/5129 (4.0) 192/3865 (5.0) 12/1264 (0.9)

White 3403/5129 (66.3) 3087/3865 (79.9) 316/1264 (25.0)

Multiple races reported 12/5129 (0.2) 8/3865 (0.2) 4/1264 (0.3)

Ethnicity

Hispanic or Latino 748/4815 (15.5) 682/3687 (18.5) 66/1128 (5.9)

Not Hispanic or Latino 4067/4815 (84.5) 3005/3687 (81.5) 1062/1128 (94.1)

Clinical history

Hypertension 3789/5161 (73.4) 3060/3895 (78.6) 729/1266 (57.6)

Diabetes 2122/5179 (41.0) 1579/3909 (40.4) 543/1270 (42.8)

Diabetes treatment

Insulin treated 491/2110 (23.3) 424/1574 (26.9) 67/536 (12.5)

Noninsulin diabetes medication 1351/2110 (64.0) 962/1574 (61.1) 389/536 (72.6)

None/diet controlled 268/2110 (12.7) 188/1574 (11.9) 80/536 (14.9)

Prior myocardial infarction 990/5161 (19.2) 887/3894 (22.8) 103/1267 (8.1)

Cigarette smoking

Never 2209/5173 (42.7) 1535/3906 (39.3) 674/1267 (53.2)

Former 2325/5173 (44.9) 1876/3906 (48.0) 449/1267 (35.4)

Current 639/5173 (12.4) 495/3906 (12.7) 144/1267 (11.4)

Family history of premature
coronary heart disease

1170/4490 (26.1) 914/3324 (27.5) 256/1166 (22.0)

Prior cardiac catheterizationa 1898/5179 (36.6) 1607/3909 (41.1) 291/1270 (22.9)

Time from most recent cardiac
catheterization to enrollment, y

No. 1726 1447 279

Median (IQR) 1.7 (0.2-4.9) 1.9 (0.2-5.4) 0.3 (0.0-3.4)

Prior percutaneous coronary
intervention

1050/5175 (20.3) 923/3906 (23.6) 127/1269 (10.0)

Time from most recent PCI to
randomization, y

No. 920 806 114

Median (IQR) 4.2 (2.1-7.8) 4.2 (2.1-7.8) 4.4 (2.5-8.0)

Prior coronary artery bypass graft 200/5179 (3.9) 190/3909 (4.9) 10/1270 (0.8)

Time from most recent CABG to
randomization, y

No. 158 148 10

Median (IQR) 8.5 (4.4-14.4) 8.8 (4.2-14.5) 7.1 (5.3-14.0)

Prior MI or prior PCI or prior CABG 1566/5161 (30.3) 1378/3895 (35.4) 188/1266 (14.8)

Prior heart failure 206/5179 (4.0) 184/3909 (4.7) 22/1270 (1.7)

Atrial fibrillation/atrial flutter 221/5173 (4.3) 211/3903 (5.4) 10/1270 (0.8)

(continued)
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anticoagulant therapy, statin therapy, and at least 1 antihyper-
tensive/anti-ischemic/antianginal medication.

Discussion
The ISCHEMIA trial randomized an SIHD population with me-
dian age of 64 years, 23% of whom were women (n = 1168 of
5179) and 41% of whom had diabetes (n = 2122 of 5179). Most
participants (n = 3909 [75%]) had stress imaging tests, with
confirmation of severe ischemia in 1748 of 3901 (44.8%) and
moderate ischemia in 1600 of 3901 (41.0%) by independent
imaging core laboratories. Eligibility for randomization by
nonimaging ETT criteria required anginal symptoms, ische-
mia at an early workload, and at least 70% stenosis in a
major non–left main coronary artery. Consequently, those
randomized after ETT had more extensive anatomic CAD.
The independent core laboratory confirmed that ETT trial
entry criteria were met in 83%. Consistent with the design
to recruit patients with at least moderate ischemia on stress
imaging and severe ischemia with ETT, of all randomized
participants who underwent CCTA, most had multivessel
CAD and/or LAD stenosis, including proximal LAD in nearly
half. Of note, those randomized following ETT had slightly
higher rates of 3-vessel disease, LAD, and proximal LAD ste-
nosis on CCTA than those randomized based on stress
imaging, with a similar overall rate of multivessel CAD,
thereby confirming that the eligibility criteria required for
participants who underwent ETT achieved the objective of
randomizing patients with at least as much CAD as those
randomized based on imaging. Those randomized following
ETT more often had angina compared with participants
undergoing stress imaging because angina was required for
enrollment following ETT. Finally, core laboratories judged
that the trial-required level of ischemia was met in 85% of
participants, despite frequent randomization before core
laboratory review.

The most common reasons for exclusion in ISCHEMIA were
associated with the key entry criteria for stress testing and
CCTA. Consistent with the high degree of ischemia required
for study entry, 8% of enrolled participants who had a study
CCTA failed eligibility owing to significant unprotected left
main coronary artery disease. Even with this degree of ische-
mia, a modest proportion had no stenosis of 50% or greater

on CCTA, highlighting the differences between anatomic evi-
dence of epicardial coronary artery disease and physiologic
evidence of ischemia; false-positive test results may have also
contributed to this finding. Women were more likely than men
to be excluded from randomization after enrollment, particu-
larly owing to nonobstructive CAD.

Most previous studies have demonstrated that the extent
and severity of ischemia is associated with an increased risk
for death and MI, and that revascularization is associated
with better prognosis in these patients.6-12 For example,
Hachamovitch et al6 reported an observational study of
13 969 patients with a range of core laboratory quantitated
inducible ischemia by single-photon emission computed
tomography and mean 8.7-year follow-up. They reported
improved survival for those selected for revascularization
compared with those who did not undergo revascularization
but only for those with at least 10% ischemia.6 Studies using
other stress modalities reported similar findings of an asso-
ciation of more ischemia and higher risk of death or MI.11,13-18

However, even in propensity-matched cohorts there is
residual confounding, and a clinical trial was needed to verify
this finding. Moreover, these patients did not receive OMT by
contemporary standards, while in ISCHEMIA, the median
baseline low-density lipoprotein cholesterol level was 83
mg/dL, with high rates of use of aspirin and potent statins,
and this was prior to intensification of medical therapy when
needed to achieve risk factor goals.

The principal objective of ISCHEMIA is to determine
whether an initial invasive strategy of cardiac catheterization
followed by routine revascularization, if feasible, plus OMT in
participants with moderate or severe ischemia will reduce ad-
verse ischemia-related events by a clinically meaningful amount
compared with an initial conservative strategy of OMT alone,
with catheterization and revascularization reserved for failure
of medical therapy. In prior trials testing the incremental value
of routine revascularization for SIHD, patients were enrolled
without a specified level or quantitative threshold of ischemia
required on a stress test.1-3 In the ISCHEMIA trial, to maximize
applicability of study results globally, participants could qualify
based on stress nuclear, echocardiographic or cardiac magnetic
resonance, or nonimaging ETT. These modalities detect ische-
mia in inherently different ways; for example, nuclear imaging
and cardiac magnetic resonance definitions used in the trial as-
sess perfusion, while echo assesses wall motion.

Table 2. Randomized Participant Baseline Characteristics and Clinical History Intent-to-Treat Population,
Imaging Stress Test vs Exercise Tolerance Test (continued)

Characteristic

No./ Total No. (%)

Total (n = 5179)
Imaging Stress Test
(n = 3909)

Exercise Tolerance Test
(n = 1270)

Noncardiac vascular and
comorbidity history

Prior carotid artery surgery or
stent, prior stroke, or prior TIA

378/5165 (7.3) 334/3898 (8.6) 44/1267 (3.5)

Prior stroke 150/5178 (2.9) 135/3908 (3.5) 15/1270 (1.2)

Prior peripheral artery disease 205/5168 (4.0) 195/3902 (5.0) 10/1266 (0.8)

Prior surgery or percutaneous
procedure for PAD

98/5159 (1.9) 91/3893 (2.3) 7/1266 (0.6)

Abbreviations: CABG, coronary artery
bypass graft surgery;
IQR, interquartile range;
MI, myocardial infarction;
PAD, peripheral artery disease;
PCI, percutaneous coronary
intervention.
a Cardiac catheterization prior to

enrollment.
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Numerous studies have also reported an association be-
tween the presence of more extensive anatomic CAD, includ-
ing proximal LAD stenosis, and higher risk of death or MI.19-21

However, prior randomized trials in patients with SIHD failed
to demonstrate that routine revascularization reduced that risk.
In these trials, patients were selected for enrollment after
diagnostic catheterization. A possible explanation, in part,
for the neutral findings of those trials is that they effectively
(although not necessarily intentionally) limited inclusion of
higher-risk patients or that knowledge of coronary anatomy
prior to randomization introduced potential bias by exclud-
ing higher-risk patients who might have derived benefit
from a strategy of routine revascularization. In contrast,
ISCHEMIA was designed to assess whether an initial inva-
sive strategy improves clinical outcomes in stable patients
at higher risk of cardiovascular events based on more severe
ischemia, without contemporaneous knowledge of their
coronary anatomy.

One of the key design objectives of ISCHEMIA was to
select a population that would include participants who, if
randomized to the conservative strategy, would be less likely
to undergo elective catheterization and revascularization
after randomization (ie, crossover). Thus, ISCHEMIA seeks to
study the prognostic benefits of catheterization and revascu-
larization separated to the extent possible from the use of these
procedures for symptom control. Hence, most ISCHEMIA
participants had mild-to-moderate angina at baseline, 10%
had no history of angina, and approximately 20% had silent
ischemia at the time of randomization. The baseline median
Seattle Angina Questionnaire angina frequency score of 80 is
consistent with monthly angina.22

Limitations
The data in this article are from a data extract on December
17, 2018. The data will not be final until database lock and,
therefore, are subject to change.

Table 3. Randomized Participant Angina and Heart Failure History Intent-to-Treat Population,
Imaging Stress Test vs Exercise Tolerance Test

Characteristic

No./Total No. (%)

Total (n = 5179)
Imaging Stress Test
(n = 3909)

Exercise Tolerance Test
(n = 1270)

Baseline Seattle Angina
Questionnaire Angina
Frequency scale

No. 5108 3861 1247

Median (IQR) 80 (70-100) 90 (70-100) 80 (60-90)

Baseline Seattle Angina
Questionnaire Angina
Frequency scale

Daily (0-30) 116/5108 (2.3) 105/3861 (2.7) 11/1247 (0.9)

Weekly (31-60) 995/5108 (19.5) 615/3861 (15.9) 380/1247 (30.5)

Monthly (61-99) 2241/5108 (43.9) 1641/3861 (42.5) 600/1247 (48.1)

No angina in past month
(100)

1756/5108 (34.4) 1500/3861 (38.9) 256/1247 (20.5)

Participant has ever had
angina

4643/5179 (89.7) 3386/3909 (86.6) 1257/1270 (99.0)

Angina during the past mo

None 1039/5177 (20.1) 971/3908 (24.8) 68/1269 (5.4)

CCS Angina Class I 1384/5177 (26.7) 1131/3908 (28.9) 253/1269 (19.9)

CCS Angina Class II 2524/5177 (48.8) 1612/3908 (41.2) 912/1269 (71.9)

CCS Angina Class III 230/5177 (4.4) 194/3908 (5.0) 36/1269 (2.8)

CCS Angina Class IV 0/5177 0/3908 0/1269

New onset of angina during
the past 3 mo

858/4918 (17.4) 547/3668 (14.9) 311/1250 (24.9)

Angina began or became more
frequent during the past 3 mo

1358/4637 (29.3) 961/3380 (28.4) 397/1257 (31.6)

Prior heart failure 206/5179 (4.0) 184/3909 (4.7) 22/1270 (1.7)

Ejection fractiona

No. 4637 3673 964

Median (IQR) 60 (55-65) 60 (55-65) 60 (60-65)

Heart failure status over the
past mo

None 3164/5179 (61.1) 2305/3909 (59.0) 859/1270 (67.6)

NYHA Class I 999/5179 (19.3) 820/3909 (21.0) 179/1270 (14.1)

NYHA Class II 1016/5179 (19.6) 784/3909 (20.1) 232/1270 (18.3)

NYHA Class III 0/5179 0/3909 0/1270

NYHA Class IV 0/5179 0/3909 0/1270

Abbreviations: CCS, Canadian
Cardiovascular Society;
IQR, interquartile range.
a Site-reported value, if available. If

not available, then core laboratory
entered value.
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Conclusions

Based on the demographic and clinical profile of participants
randomized in ISCHEMIA, the results will inform the care of
a broad range of patients with SIHD with moderate or severe

ischemia on stress testing, including those with multivessel
CAD and angina who can be treated medically without revas-
cularization for symptom control. For such patients, the trial
will provide robust and contemporary scientific evidence re-
garding the risk of clinically important events with a routine
early invasive vs initial conservative management strategy.
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