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ABSTRACT
The evaluation of patients with suspected stable ischemic heart disease is among the most common diagnostic
evaluations with nearly 20 million imaging and exercise stress tests performed annually in the United States. Over the
past decade, there has been an evolution in imaging research with an ever-increasing focus on larger registries and
randomized trials comparing the effectiveness of varying diagnostic algorithms. The current review highlights recent
randomized trial evidence with a particular focus comparing the effectiveness of cardiac imaging procedures within the
stable ischemic heart disease evaluation for coronary artery disease detection, angina, and other quality of life measures,
and major clinical outcomes. Also highlighted are secondary analyses from these trials on the economic ﬁndings
related to comparative cost differences across diagnostic testing strategies. (J Am Coll Cardiol Img 2017;10:321–34)
© 2017 by the American College of Cardiology Foundation.

T

he evaluation of patients with suspected

The evidentiary standards for cardiac imaging,

stable ischemic heart disease (SIHD) is

summarized in the 2012 SIHD clinical practice guide-

among the most common diagnostic evalua-

lines, include 2 diagnostic approaches: functional or

tions with nearly 20 million imaging and exercise

stress testing and noninvasive angiography (1). In this

stress tests performed annually in the United States

guideline, minimal detail is provided on imaging

(1–3). Cardiac imaging is an essential component of

RCTs, because in 2012, there were few. From the SIHD

the SIHD diagnostic evaluation, yet there has been

guideline, there was robust evidence on the accuracy

an historic paucity of randomized clinical trials

of stress testing to predict the presence of obstructive

(RCTs) supporting high-quality recommendations for

coronary artery disease (CAD) and estimate major

testing. Over the past decade, there has been an evo-

adverse cardiovascular events. Diagnostic and prog-

lution in imaging research with an ever-increasing

nostic accuracy evidence is helpful in understanding

focus on larger registries and RCTs comparing the

the long-term sequelae of stress test abnormalities

effectiveness of varying diagnostic algorithms. The

and to identify varying practice patterns that form

current review highlights recent RCT evidence with

the standard of care for noninvasive testing (1,4,5).

a particular focus comparing the effectiveness of

The consistency of this evidence supports the

cardiac imaging procedures within the SIHD diag-

utility of many functional stress test procedures in-

nostic and prognostic evaluation.

cluding electrocardiography (ECG), echocardiography,
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ABBREVIATIONS

nuclear, and cardiac magnetic resonance

following a test is whether a change in diagnostic

AND ACRONYMS

(CMR) as valuable tools for application in the

thinking triggers alterations in care (4). This link

CAC = coronary artery calcium
CAD = coronary artery disease
CI = conﬁdence interval

SIHD diagnostic evaluation. Although the

between testing and initiation, intensiﬁcation, or

diagnostic and prognostic evidence is simi-

withdrawal of care is an important part of imaging

larly robust across the diagnostic modalities,

RCT design (4). This is a theoretical discussion but

competition facilitated many discussions

identiﬁes the importance of adherence to guideline-

regarding the advantages of perfusion versus

directed care to interpret results from an imaging

wall motion assessment, safety (e.g., radia-

RCT. An additional challenge for imaging RCTs is a

tion exposure), and the ability of a procedure

reliance on observational ﬁndings, in particular as it

to produce a multiparametric examination

relates to therapeutic risk reduction, as a means to

(e.g., angiographic, wall motion, perfusion,

inform estimated event rates for sample size calcu-

and ventricular function measurements) (6).

lations. There are examples from observational reg-

In many situations, the comparisons across

istries

the modalities do not yield equivalent infor-

associated

mation, in particular with regards to exercise

compared with medical therapy for patients with se-

capacity as compared with modalities using

vere ischemia that have not yet been reproduced in

pharmacologic stress (e.g., positron emission

an RCT setting (13–17). The lack of translation of

tomography or CMR) or anatomic imaging

observational ﬁndings into RCT results is not un-

with coronary computed tomographic angi-

common but, to fully understand clinical outcomes,

ography (CTA). The evolution in thought

imaging RCTs may require tracking of post-imaging

about the complexities of the diagnostic

care management and adherence to standard treat-

evaluation and the focus on a long-term

ment strategies. These examples illustrate the chal-

emission computed

assessment of risk was an integral compo-

lenges of RCT design in interpreting the signiﬁcance

tomography

nent of RCT design for recent comparative

of patient outcome ﬁndings following the index

effectiveness trials.

testing procedures.

CMR = cardiac magnetic
resonance

CTA = computed tomographic
angiography

ECG = electrocardiogram
FFR = fractional ﬂow reserve
HR = hazard ratio
MI = myocardial infarction
NICE = National Institute of
Health and Care Excellence

QOL = quality of life
RCT = randomized clinical trials
SAQ = Seattle Angina
Questionnaire

SIHD = stable ischemic heart
disease

SPECT = single-photon
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whereby

coronary

revascularization

reduced

CAD

with

mortality

was
when

IMAGING TRIAL DESIGNS

Noninvasive angiographic evidence, such as for

Our current imaging RCTs may be broadly deﬁned as

coronary CTA, is also robust and offers advantages in

comparative modality effectiveness trials (i.e., 1 test

the detection of obstructive CAD, including docu-

compared with another). There have been several

mentation of plaque morphology, reduced radiation

trials comparing the effectiveness of a coronary CTA

exposure for most patients (compared with other

versus a with stress testing strategy (18,19). There are

tests requiring radiation), and risk stratiﬁcation evi-

also several trials comparing stress nuclear versus

dence (7,8). Moreover, the high concordance between

CMR (6,20–25). Often these trials are pragmatic or

coronary CTA and invasive angiography yields a

“real world” in their approach by allowing each of the

higher diagnostic accuracy (9–11) when compared

testing arms to facilitate downstream care by local

with functional testing. However, coronary CTA has

teams rather than mandating speciﬁc therapies based

reduced accuracy in the identiﬁcation of a stenosis

on imaging ﬁndings. Pragmatic trials are beneﬁcial in

that is ﬂow-limiting (e.g., a stenosis with reduced

that they allow follow-up testing and care patterns to

fractional ﬂow reserve [FFR]) (12). The discourse as to

occur based on the patient’s overseeing physician and

whether ischemia- versus anatomy-guided testing is

not constrained by trial-directed follow-up care,

optimal for the SIHD evaluation further fueled the

thereby

undertaking of the comparative RCTs highlighted

Although this is often desirable, some practices may

herein.

be inconsistent with appropriate use criteria for pro-

reﬂecting

current

real

world

practices.

cedural use and clinical practice guideline recom-

IMAGING-DIRECTED STRATEGIES TO
IMPROVE PATIENT OUTCOMES

mendations (1,26,27).
There are also several additional RCT approaches
that include multimodality as compared with single

For any diagnostic procedure, it is the link between

modality randomization schemes. Although we have

the identiﬁed abnormalities and a change in patient

yet to see a randomized trial including a deferred

management that provides the necessary means

testing arm, this is increasingly considered as a

to improve patient outcome, and not the imaging

reasonable RCT option (28), especially in patient

procedure per se. The necessary intervening link

populations where the yield of testing is low.
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TRIAL ELIGIBILITY:

without the depth of detail from individual patients

PATIENT SELECTION CHALLENGES

and, in this situation, the assumptions informing the

A major challenge for any RCT is deﬁning patient

reﬂect “real world” patterns of resource consump-

decision analysis are highly inﬂuential and may not
eligibility to ﬁt a trial’s primary aims while not hin-

tion. There are also additional secondary safety end-

dering enrollment. An important component of

points, such as procedural complications (18). One

comparative effectiveness research is to use broad

may also envision that imaging RCTs may consider a

eligibility criteria, such that RCT ﬁndings are appli-

secondary aim of adherence to guideline-directed

cable to a large sector of the population. The ability to

care including use of anti-ischemic and risk factor-

deﬁne eligibility criteria and enrolling applicable pa-

modifying therapy use and lifestyle changes (1).

tients remains critical to answering the trial’s primary
hypothesis. The appropriate selection of candidates
for enrollment must be based on current guideline
indications and appropriate use criteria (1,26,27).
Thus, for all imaging RCT, the use of pre-test probability or risk should be an important component of
eligibility criteria. Enrollment of lower risk patients
can result in a reduced event rate, which impacts
discrimination between randomized arm outcomes.

CURRENT RANDOMIZED TRIALS IN SIHD
In the following sections, we highlight the imaging
RCTs in 4 sections: 1) major clinical endpoints; 2)
angina and other health status endpoints; 3) diagnostic endpoints; and 4) cost comparisons. All trials
were identiﬁed with queries to PubMed on SIHD RCTs
and coronary CTA or stress testing.

Tracking of adherence to proposed eligibility criteria

COMPARATIVE EFFECTIVENESS FOR

is an invaluable coordinating center activity during

MAJOR CLINICAL ENDPOINTS

enrollment.

TRIAL ENDPOINTS

This section highlights selected RCTs for comparing
major endpoints (Table 1).

Traditional RCT endpoints in cardiovascular medicine

WOMEN TRIAL. The WOMEN (What is the Optimal

often include all-cause or CAD mortality or myocar-

Method of Ischemia Elucidation in Women?) trial

dial infarction (MI). RCTs based on traditional end-

enrolled 824 women with suspected SIHD who were

points, such as death, often require substantially

randomized to an exercise ECG–guided or an exercise

larger sample sizes and are costlier. Recent imaging

myocardial

RCTs use novel endpoints deﬁning strategy failures

computed tomography (SPECT)-guided strategy (33).

or late clinical worsening (e.g., worsening angina or

This RCT was designed to demonstrate superiority of

heart failure). In treatment trials, these endpoints

exercise SPECT based on higher diagnostic and

have been used to deﬁne criteria for patient cross-

prognostic accuracy when compared with the exer-

over to the alternative treatment arm of a trial. For

cise ECG (33). However, no difference in 2-year end-

example, refractory symptoms in a patient assigned

points (deﬁned as CAD death, MI, or hospitalization

to optimal medical therapy is considered an accept-

for acute coronary syndrome or heart failure) was

able indication for crossing over to coronary revas-

observed (1.7% for the exercise ECG arm vs. 2.3% for

cularization (29).
Recent SIHD trials have also expanded endpoint

perfusion

single-photon

emission

the exercise SPECT arm; p ¼ 0.59). Eligibility was
limited to women with Duke Activity Status Index–

deﬁnitions to include diagnostic conﬁdence or cer-

deﬁned physical capabilities $5 metabolic equiva-

tainty, which may provide insights into rates of

lents, contributing to enrollment of a low-risk cohort

repeat testing and alterations in treatment and clin-

with few reported events (n ¼ 17).

ical outcomes (19).

PROMISE

TRIAL. Recently,

2

large

comparative

The inclusion of cost or efﬁciency of resource use

effectiveness trials were published that randomized

and timely diagnosis are important endpoints for

large samples of patients with suspected CAD to a

imaging RCTs, given the focus of high utilization and

functional testing versus anatomic strategy (18,19).

costs associated with diagnostic procedures (3,30,31).

PROMISE (Prospective Multicenter Imaging Study

Cost or resource utilization patterns are generally

for Evaluation of Chest Pain) was an National

secondary endpoints following a primary trial aim of

Institutes of Health–National Heart, Lung, and Blood

clinical effectiveness. Cost analysis often includes

Institute–sponsored pragmatic trial that randomized

tracking inefﬁciency within near- or long-term test

10,003 symptomatic outpatients without known

patterns post-randomization (e.g., repeat or layered

CAD to coronary CTA or functional testing of the

testing) (32). At times, trials rely on cost modeling

physician’s choice including stress nuclear (67%),

323

1:1 randomization (N ¼ 824)
SPECT n ¼ 412 vs. ECG n ¼ 412

1:1 randomization (N ¼ 4,146)
SC þ Coronary CTA ¼ 2,073 vs.
SC ¼ 2,073

1:1 randomization (N ¼ 10,003)
Coronary CTA n ¼ 4,996 vs. stress
test n ¼ 5,007

2:1 randomization (N ¼ 350)
Coronary CTA ¼ 242 vs.
exercise ECG ¼ 108

1:1 randomization (N ¼ 898)
Angiography n ¼ 222 vs.
echocardiography n ¼ 226,
SPECT n ¼ 224, or CMR n ¼ 226

N, Total and by Arm

Inclusion of women with DASI
estimate $5 METs

Index evaluation often included
exercise ECG (85%)

Clinician choice:
67% nuclear, 23%
echocardiography, 10% ECG

Coronary CTA arm included index
CAC evaluation with Coronary
CTA limited to CAC >0

Invasive angiography was the
comparator vs. SPECT,
echocardiography, and CMR

Intervention Details

2.0

1.7

2.1

1.0

2.0

Duration of
Follow-Up, yrs*

CAD death, MI, or hospitalization
for acute coronary syndrome
or heart failure

Primary: certainty of angina
diagnosis caused by CAD
Secondary: coronary heart disease
death or MI

Death, MI, unstable angina
hospitalization, or major
complications

All-cause mortality, MI, major
stroke, unstable angina,
unplanned CAD evaluation,
or late revascularization

All-cause mortality

Major Endpoint†

1.3 (0.5–3.5)
p ¼ 0.59

0.62 (0.38–1.01)
p ¼ 0.053

1.04 (0.83–1.29)
p ¼ 0.75

0.32 (0.13–0.81)
p ¼ 0.011

p ¼ 0.054

HR (95% CI)
p Value‡

CAC ¼ coronary artery calcium; CAD ¼ coronary artery disease; CECaT ¼ Cost-Effectiveness of noninvasive Cardiac Testing; CI ¼ conﬁdence interval; CMR ¼ cardiac magnetic resonance; CRESCENT ¼ Computed Tomography vs. Exercise Testing in Suspected Coronary
Artery Disease; CTA ¼ computed tomographic angiography; DASI ¼ Duke Activity Status Index; ECG ¼ electrocardiogram; HR ¼ hazard ratio; MET ¼ metabolic equivalents; MI ¼ myocardial infarction; PROMISE ¼ Prospective Multicenter Imaging Study for Evaluation of
Chest Pain; SC ¼ standard care; SCOT-HEART ¼ Scottish Computed Tomography of the HEART; SPECT ¼ single-photon emission computed tomography; WOMEN ¼ What is the Optimal Method of Ischemia Elucidation in Women?

*Duration of follow-up is reported as median values for PROMISE and SCOT-HEART. †Primary endpoint is reported for all but SCOT-HEART and CECaT trials where outcomes are a secondary endpoint. ‡No HR was reported from the CECaT trial. However, the HR for
angiography vs. stress CMR was elevated 2.6-fold (95% CI: 1.1 to 6.2) but not signiﬁcant for angiography vs. stress echocardiography or SPECT.

Exercise SPECT vs. exercise
ECG

SC þ Coronary CTA vs. SC

SCOT-HEART (19)

WOMEN (33)

Anatomic (Coronary CTA) vs.
functional test strategy

Coronary CTA vs. exercise ECG

Invasive angiography vs.
stress echocardiography,
SPECT, or CMR

Randomization

PROMISE (18)

CRESCENT (36)

CECaT (20)

Trial Name (Ref. #)

T A B L E 1 Summary of Primary Endpoint Findings From Randomized Clinical Trials in Stable Ischemic Heart Disease
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echocardiography (23%), or ECG (10%) (18). Although

the functional testing choices within the PROMISE

trial have varied indications within our SIHD guide-

lines (1), randomization was based on intended

functional test. This variability in stress test choice

may have imparted imprecision in this arm when

compared with the alternative arm of a single

anatomic test, coronary CTA.

subsequent care was determined locally with follow-

Using a pragmatic design, test interpretation and

up by patient report. The trial hypothesized that the

information obtained from coronary CTA would result

in superior outcomes using a composite endpoint of

all-cause death, MI, unstable angina hospitalization,

or major complications from cardiovascular proced-

ures (including stroke or need for dialysis). Should

superiority not be reached, the RCT pre-speciﬁed

noninferiority testing, with a margin of 10%. The

hypothesis of superiority was based on assumptions

that the greater diagnostic sensitivity and speciﬁcity

of coronary CTA versus functional tests would yield

fewer false-positive and -negative results, a longer

warranty period for negative results (i.e., fewer late

unstable angina hospitalizations), and more treat-

ment of prognostically important nonobstructive CAD

detected by coronary CTA.

event rate was low (coronary CTA, 3.3% vs. functional
Over (median) 25 months of follow-up, the primary

testing, 3.0%) and similar by testing strategy (hazard

ratio [HR]: 1.04; 95% conﬁdence interval [CI]: 0.83 to

1.29; p ¼ 0.75). At 12 months, however, the pre-

speciﬁed secondary endpoint did reach signiﬁcance

with reduced death or MI among patients random-

ized to coronary CTA as compared with functional

testing (HR: 0.66; 95% CI: 0.44 to 1.00; p ¼ 0.049).

Within 90 days of randomization, 1,015 patients un-

derwent invasive coronary angiography: 609 (12.2%)

following coronary CTA and 406 (8.1%) following

functional testing. Angiography showed no obstruc-

tive CAD in 28% of the coronary CTA group and 52%

of the functional-testing group, resulting in a signif-

icant secondary endpoint (p ¼ 0.02). Revasculariza-

tion was not an endpoint but was twice as frequent in

the coronary CTA arm (6.2%) versus the functional

testing arm (3.2%; p < 0.001). Importantly, the

greater use of revascularization in the coronary CTA

arm was not associated with improved patient

outcomes.

the trial, the PROMISE population is representative of

Because of the participation of community sites in

the greater population undergoing testing for sus-

pected CAD in the United States. Perhaps the most

important ﬁnding from the PROMISE trial is that such

patients have an excellent prognosis (with very low
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event rates of only 1% to 2%) and a low prevalence

concept that clinical outcome improvement is based

of

on test-driven links to treatment. However, these

obstructive

CAD

requiring

revascularization

(<5% overall).
SCOT-HEART TRIAL. A second major trial was the

SCOT-HEART (Scottish Computed Tomography of the
HEART) trial, which randomized 4,146 patients to
standard stress testing as compared with standard
stress testing with a coronary CTA-guided strategy.
All patients had a routine clinical examination
including an exercise ECG (in 85% of patients) before
randomization. In the standard stress testing arm, a
small proportion of patients (9%) had follow-up stress

ﬁndings include a total of only 51 observed MIs and
requires further validation. The PROMISE trial also
documented a higher rate of aspirin, statin, and betablocker use for patients with coronary CTA-identiﬁed
obstructive CAD as compared with those with positive
functional tests (35). Details regarding adherence to
guideline-directed medical therapy and appropriate
use of follow-up CAD procedures are required to fully
understand post-randomization strategies of care for
both trials.

nuclear imaging. The reliance on exercise ECG may

CRESCENT

have contributed to a reduced diagnostic accuracy

included a comparison of 2 index procedures.

and impacted the overall trial ﬁndings. Importantly,

Recently, the CRESCENT (Computed Tomography vs.

the minimal use of stress imaging in the usual care

Exercise Testing in Suspected Coronary Artery Dis-

arm varies considerably from the PROMISE trial and

ease) trial compared a tiered approach to the diag-

from U.S. practices.

nostic evaluation whereby index coronary artery

Within the coronary CTA arm, nearly 1 in 4

TRIAL. Imaging

RCTs

have

largely

calcium (CAC) scoring was followed by selective coro-

had $70% stenosis with an additional 38% having

nary CTA use for those with detectable CAC (score >0).

mild-intermediate coronary stenosis. For coronary

This trial used a 2:1 randomization scheme with an

CTA, the primary endpoint of diagnostic certainty was

exercise ECG performed in 108 and selective coronary

increased over 6 weeks (p < 0.0001), likely because of

CTA in 242 symptomatic outpatients (36). Of the 242

the frequent documentation of stenotic lesions. How-

patients, only 141 had detectable CAC and underwent

ever, no increase in the downstream use of invasive

coronary CTA. During w2 years of follow-up, patients

coronary angiography (p ¼ 0.45) or revascularization

with a 0 CAC score had no events (mortality, MI, major

(p ¼ 0.061) procedures was observed.

stroke, unstable angina with evidence of ischemia

Secondary endpoint analysis revealed a similar rate

or requiring coronary revascularization, nonelective

of 1.7-year incident rate of coronary heart disease

CAD hospitalization, or late revascularization). The

death or MI between randomized arms (HR: 0.62; 95%

CRESCENT trial’s novel endpoint represents a com-

CI: 0.38 to 1.01; p ¼ 0.053); the overall death or MI

posite of traditional events with events related to

rate was w2-fold higher for SCOT-HEART than for the

late clinical worsening. There were few reported

PROMISE trial. Within SCOT-HEART, the event rates

adverse events in this trial (n ¼ 19) through 1.2 years of

were similar through the ﬁrst several months of

follow-up but revealed improved event-free survival

follow-up because of delays in patients receiving

of 97% for patients in the coronary CTA arm versus 90%

their coronary CTA procedure and/or their follow-up

for patients in the exercise ECG arm (HR: 0.32; 95% CI:

ofﬁce visit after index testing. Conjecture remains as

0.13 to 0.81; p ¼ 0.015). It will remain important to

to whether longer term follow-up or more prompt

interpret the trial ﬁndings in light of the variability in

coronary CTA-guided care would have elicited sig-

primary endpoints across the varied trials.

niﬁcant differences by randomization.

CAPP TRIAL. Similarly, the CAPP (Cardiac CT for

Interestingly, the SCOT-HEART trial documented

Assessment of Pain and Plaque) trial, randomized 488

more frequent initiation of new therapies following

patients to an exercise ECG versus coronary CTA and,

the coronary CTA examination. In a post hoc analysis,

in a secondary analysis of all-cause mortality or

Williams et al. (34) reported on a statistically signiﬁ-

emergency department visit requiring a CAD hospi-

cant increased initiation of preventive therapies

talization, there were few events in the coronary CTA

including a 12.2- and 3.5-fold higher rate of new an-

arm (n ¼ 3 or 1.2% of 243) versus 6.9% (n ¼ 17) of 245

tiplatelet and statin therapies (p < 0.001 for both)

in the exercise ECG arm; no p value was reported for

among patients randomized to coronary CTA. In this

the endpoint ﬁndings (Figure 1) (37).

analysis, the median time to treatment initiation was

Table 1 and Figure 1 summarize the endpoint ﬁnd-

>50 days and thereafter there was an observed

ings of various imaging RCTs, generally reporting no

halving of incident MI for standard stress testing with

outcome differences by randomized testing strate-

coronary CTA versus standard stress testing alone

gies. Across most of the RCTs (18,19,36,37) coronary

(p ¼ 0.02). This intriguing analysis supports the

CTA has a higher utilization of downstream invasive
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F I G U R E 1 Highlighted Endpoint Findings Among Imaging Randomized Clinical Trials for Stable Ischemic Heart Disease That Compared

Coronary CTA With Standard Stress Testing

p = 0.011
10.2% of
108

10.0

8.0
n = 245*

6.0

p = 0.75

(%)

326

2.0

p = 0.53

3.3% of
242

4.0

1.3% of
2,073

n = 243*

2.0% of
2,073

3.3% of 3.0% of
4,996
5,007

0.0

CAPP

CRESCENT

Coronary CTA vs. Exercise ECG

SCOT-HEART

PROMISE

Coronary CTA vs. Standard Stress Testing

*= p value was not reported.
Coronary CTA

Standard Stress Testing

The CAPP and CRESCENT trials randomized patients to coronary CTA versus exercise ECG. The SCOT-HEART randomized patients to coronary
CTA versus standard care, and the PROMISE trial randomized patients to coronary CTA versus functional stress testing. Follow-up was 1.0,
1.2, 1.7, and 2.1 years, respectively, for the CAPP, CRESCENT, SCOT-HEART, and PROMISE trials. Varied endpoints were used: CAPP (all-cause
mortality, emergency department visit with coronary artery disease hospitalization), CRESCENT (all-cause mortality, MI, major stroke, unstable angina, unplanned coronary artery disease evaluation, late revascularization), SCOT-HEART (coronary heart disease death, MI), and
PROMISE (death, MI, unstable angina, procedural complications). The all-cause death or MI rate for PROMISE was 0.6% for coronary CTA
versus 0.8% (p ¼ 0.35), lower than that observed in the SCOT-HEART trial. CAPP ¼ Cardiac CT for Assessment of Pain and Plaque;
CRESCENT ¼ Computed Tomography vs. Exercise Testing in Suspected Coronary Artery Disease; CTA ¼ computed tomographic angiography;
ECG ¼ electrocardiogram; MI ¼ myocardial infarction; PROMISE ¼ Prospective Multicenter Imaging Study for Evaluation of Chest Pain;
SCOT-HEART ¼ Scottish Computed Tomography of the HEART.

angiography and revascularization, although differ-

endpoints (Table 2) (37). From the PROMISE trial,

ences were not statistically signiﬁcant in the SCOT-

quality of life (QOL) measures of angina and func-

HEART (p ¼ 0.45) and CRESCENT (p ¼ 0.84) trials

tional capabilities (using the Seattle Angina Ques-

(19,36). Figures 2A and 2B report the rates of positive

tionnaire [SAQ] and Duke Activity Status Index) were

and negative stress test and coronary CTA-deﬁned

ascertained in 5,985 patients through 2-years of

obstructive and no obstructive CAD from recent

follow-up (35). Overall improvements in physical

RCTs. In most cases, abnormalities on stress tests

functioning, QOL, and angina stability and frequency

were less than the coronary CTA-deﬁned burden of

were reported, with an immediate increase noted at

obstructive CAD. The diagnostic yield (% of patients

6 months that was maintained through 2 years of

undergoing invasive angiography who have obstruc-

follow-up (35). However, no differences in QOL,

tive CAD) is compared in Figure 3 from these RCTs.

including angina, physical capacity, or overall health

Coronary CTA generally had a higher diagnostic yield

status were observed by randomized test strategy

as compared with standard stress testing (pooled

(35). From the SCOT-HEART trial, early improvements

statistics: 71% of 1,047 in coronary CTA arms vs. 53%

in angina stability and frequency were reported for

of 819 in standard stress testing arms).

the coronary CTA (p < 0.001) and standard stress

COMPARATIVE EFFECTIVENESS FOR ANGINA
AND OTHER HEALTH STATUS ENDPOINTS

testing (p < 0.001) arms, with no differences reported
by randomized groups for any SAQ subscales (19).
CAPT AND CRESCENT TRIALS. One of the ﬁrst trials

PROMISE AND SCOT-HEART TRIALS. Several trials

using symptoms as a primary endpoint was the CAPP

have examined improvement in angina symptoms

trial of whereby 488 patients were randomized to

and functional status as either primary or secondary

coronary CTA or an exercise ECG (37). Patients were
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F I G U R E 2 Rates of Abnormal Stress Testing and Coronary CTA

A

100.0
87.4%

80.0
62.2%

60.0

(%)

53.9%

40.0

20.0

19.2%

15.0%

12.6%

11.0%

0.0

PROMISE

SCOT-HEART

CRESCENT

+ Stress Test

B

CAPP

– Stress Test

100.0
88.1%
77.0%

80.0

67.0%
58.0%

(%)

60.0
42.0%

40.0
30.0%
23.0%

20.0

11.9%

0.0

PROMISE

SCOT-HEART

CRESCENT

Obstructive CAD

CAPP

No Obstructive CAD

(A) From RCTs that compared standard stress testing with coronary CTA, rates of stress test–deﬁned positive (þ) and negative () ﬁndings as
reported in the PROMISE, SCOT-HEART, and CRESCENT trials. In some cases, the total % does not add to 100% because of inconclusive test
results. The PROMISE trial did not report inconclusive ﬁndings but in the SCOT-HEART and CAPP trials, the rate of inconclusive exercise ECG
was 22.8% and 26.9%. The CRESCENT trial only reported the rate of abnormal exercise ECG results. The SCOT-HEART data represent
exercise ECG performed during the index evaluation. (B) From RCTs that compared standard stress testing with coronary CTA, rates of
coronary CTA-detected obstructive ($50% stenosis) and no obstructive CAD (<50% stenosis) as reported in the PROMISE, SCOT-HEART,
and CRESCENT trials. CAD ¼ coronary artery disease; RCT ¼ randomized clinical trial; other abbreviations as in Figure 1.

followed for early (3 months) and 1 year changes in

At 18 months of follow-up, differences in exercise

angina symptoms, physical functioning, and overall

duration were minimal (i.e., w1 min or less; p ¼ 0.074).

QOL using the SAQ. This trial revealed early improve-

By 18 months, approximately one-half of patients were

ments in angina stability and QOL for coronary CTA as

symptom-free but changes in the Canadian cardio-

compared with the exercise ECG, which persisted

vascular class were similar across randomized groups

through 1 year of follow-up. Similarly, the CRESCENT

(p ¼ 0.17). No differences were observed across the SAQ

trial reported 1-year improvements in angina fre-

subscales by test strategy (p > 0.29).

quency in the selective coronary CTA versus the
exercise ECG arm of the trial (p ¼ 0.012) (36).

In summary, the use of diagnostic testing generally
improved angina and QOL; however, differences by

CECaT TRIAL. The primary endpoint of the CECaT

randomized testing strategy were largely nonsigniﬁ-

(Cost-Effectiveness of noninvasive Cardiac Testing)

cant (Table 2). With exception, the CAPP and CRES-

trial was exercise capacity (i.e., exercise time on the

CENT trials reported 1-year improvement in angina

modiﬁed Bruce protocol) at 18 months of follow-up

for coronary CTA as compared with the exercise ECG

(24). In this trial, a total of 898 patients were ran-

(36,37). The extent to which indeterminate ﬁndings

domized to angiography (n ¼ 222), stress myocardial

from the exercise ECG (Figure 2A) drive clinical

perfusion SPECT (n ¼ 224), stress CMR perfusion

indecision and persistent symptoms is unknown but

(n ¼ 226), or stress echocardiography (n ¼ 226).

may contribute to these ﬁndings (33,38,39).
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F I G U R E 3 Diagnostic Yield by Randomized Test Strategy: Coronary CTA Versus Standard of Care or Stress Testing From the CRESCENT,

PROMISE, and SCOT-HEART Trials

100.0

80.0

72.1% of
609

71.0% of
1,047
52.5% of
819

60.0

(%)

328

69.2% of
409
(value) of
406

72.4% of
29
57.4% of
401

58.3% of
12

40.0

20.0

0.0

Pooled

PROMISE

SCOT-HEART

Coronary CTA

CRESCENT

Standard Stress Testing

The diagnostic yield is deﬁned as the % of patients undergoing invasive coronary angiography with obstructive CAD ($50% stenosis). The
number of follow-up invasive coronary angiograms was higher in the coronary CTA arm of most RCTs (but not statistically different in the
SCOT-HEART [p ¼ 0.45] and CRESCENT [p ¼ 0.84] trials; the p value was not reported in PROMISE). Data from the PROMISE trial
are #90 days. Abbreviations as in Figures 1 and 2.

COMPARATIVE EFFECTIVENESS FOR

the physiologic signiﬁcance of a stenosis based on

DIAGNOSTIC ENDPOINTS

computational ﬂuid dynamic modeling estimates of
rest and hyperemic pressure estimation of FFR, as

In this section, we highlight speciﬁc trials with diag-

compared with coronary CTA alone (12). From the

nostic endpoints for detection of obstructive CAD.

DeFACTO (Determination of Fractional Flow Reserve

DeFACTO TRIAL. Recent controlled clinical trials

by Anatomic Computed Tomographic Angiography)

have assessed the added diagnostic accuracy of

trial, there was a higher diagnostic accuracy with

FFR CT , a newly introduced technique for measuring

FFR CT (73%) versus coronary CTA alone (64%);

T A B L E 2 Summary of Findings on Angina From Imaging Randomized Clinical Trials in Stable Ischemic Heart Disease

Trial Name
(Ref. #)

SAQ Findings
Target Population

Improvement at Follow-up

Difference by Randomization

Other Symptom Findings

CRESCENT (36)

N ¼ 350

Both testing arms reported
improvement in angina
stability/frequency and disease
perception at 1 yr

1-yr improvement in angina
frequency for coronary CTA vs.
exercise ECG (p ¼ 0.012) but
not for other SAQ subscales

1-yr angina-free rates: 39% for
and 25% for coronary CTA
vs. exercise ECG (p ¼ 0.012)

CAPP (37)

N ¼ 488

Both testing arms reported
improvement in angina
stability and frequency and
QOL at 1 yr but no p values
reported

1-yr improvement in angina
stability and QOL for coronary
CTA vs. exercise ECG
(p ¼ 0.028, p ¼ 0.041) but not
for other SAQ subscales

1-yr emergency department visit
leading to hospitalization
(p ¼ 0.009) and CAD
outpatient visit (p ¼ 0.036)
rates higher for exercise ECG
vs. coronary CTA

PROMISE (35)

N ¼ 5,985

Both testing arms reported
signiﬁcant improvements in
SAQ subscales at 6 months and
through 2 yrs

No difference by randomization
across SAQ subscales through
2 yrs

SCOT-HEART (19)

N ¼ 4,146

Both testing arms reported
signiﬁcant improvement in
angina stability and frequency
at 6 weeks

No difference by randomization in
angina stability (p ¼ 0.22) and
frequency (p ¼ 0.21) at
6 months

No difference by randomization
in hospitalization for chest
pain (p ¼ 0.51)

WOMEN (33)

N ¼ 503

Not reported

Not reported

2-yr angina-free rates: 60% and
65% for exercise ECG vs.
SPECT (p ¼ 0.25)

CAPP ¼ Cardiac CT for Assessment of Pain and Plaque; QOL ¼ quality of life; SAQ ¼ Seattle Angina Questionnaire; other abbreviations as in Table 1.

Shaw et al.

JACC: CARDIOVASCULAR IMAGING, VOL. 10, NO. 3, 2017
MARCH 2017:321–34

Imaging Trials in Stable Ischemic Heart Disease

however, this trial failed to meet its pre-speciﬁed

factors, angiographic ﬁndings, and index patient

primary endpoint of per-patient diagnostic accuracy

treatment.
Recently, the CE-MARC 2 trial was reported (25).

(12).
PLATFORM STUDY. Recently, the PLATFORM (Pro-

spective Longitudinal Trial of FFR Outcome and
Resource

Impacts)

study

was

completed

and

This trial randomized 1,202 symptomatic patients to
1 of 3 test strategies: stress 3T CMR-guided (n ¼ 480),
SPECT-guided (n ¼ 480), or the UK guideline-directed

enrolled 584 patients with de novo chest pain to a

testing (n ¼ 240). This latter arm is based on the 2010

strategy of usual testing (n ¼ 287), including a

National Institute of Health and Care Excellence

planned noninvasive or invasive diagnostic evalua-

(NICE) guidance document for SIHD diagnostic

tion, as compared with FFR CT (n ¼ 297) (40). The

testing, which is based on the patient’s pretest

90-day primary endpoint (no CAD) was deﬁned as

probability; low-risk patients have an index CAC fol-

no stenosis $50% or invasive FFR measure #0.80.

lowed by selective coronary CTA, intermediate-risk

Among those with a planned invasive evaluation,

patients undergo SPECT imaging, and high-risk

73% of the usual testing versus only 12% of the

patients are referred for coronary angiography.

FFRCT arm had no CAD (p < 0.001). Among this

CE-MARC 2 was a superiority trial for CMR-guided

invasive subset, FFRCT resulted in a cancellation of

management as compared with the other testing ap-

follow-up invasive angiography in w60% of pa-

proaches with the primary endpoint of avoiding un-

tients, and an average savings of $4,018 (41).

necessary coronary angiography, deﬁned as a FFR

However, no differences were observed between

>0.80 or no or mild obstructive CAD stenosis. Nearly

usual testing and FFRCT for those with a planned

29% of patients in the NICE group were deemed to

noninvasive evaluation (p ¼ 0.95). Current, RCT

have unnecessary angiography and only 7.5% and

data are not available comparing the effectiveness

7.1% in the CMR and SPECT imaging arms (p < 0.001

of coronary CTA plus FFR CT with coronary CTA

of CMR vs. NICE guideline arm and no difference

alone.
CE-MARC TRIALS. Because imaging technology of-

fers the ability to assess multiple imaging markers
(e.g., rest and stress global or segmental left ventricular function and myocardial perfusion), several RCTs
have compared a multiparametric approach with that
of conventional stress imaging (6,20). Most notable
among these is the CE-MARC (Clinical Evaluation of
Magnetic Resonance Imaging in Coronary Heart Disease) trial, which randomized 752 patients to multiparametric CMR (including balanced steady-state free
precession cine imaging, stress/rest perfusion, 3D
CMR angiography, and late gadolinium enhancement)
versus stress myocardial perfusion SPECT (6). The
primary endpoint was obstructive CAD on invasive
coronary angiography. CE-MARC reported signiﬁcant

between CMR vs. SPECT imaging arms, p ¼ 0.32). The
NICE guideline group included recommended testing
based on pre-test risk from low (recommend CAC with
or without coronary CTA), intermediate (recommend
stress imaging), to high (recommend immediate
angiography) risk. Within the NICE guideline group,
the frequency of stress imaging (37%) and immediate
angiography (35%), and CT (23%) requires additional
details as to which pre-test risk strata more often led
to unnecessary angiography. For the secondary
endpoint of major CAD events, no statistical differences were reported. The variable ﬁndings between
CE-MARC trials may be in that the initial trial was a
single center (with uniform imager expertise) and the
latter trial was a multicenter RCT (with more diverse
imager expertise).

improvement in diagnostic accuracy for CMR versus

EVINCI TRIAL. Nonrandomized, controlled clinical

SPECT; a secondary analysis validated a higher ac-

trials have also used a primary endpoint of obstruc-

curacy for women (6,42). Diagnostic sensitivity and

tive CAD. Recently, the EVINCI (Evaluation of Inte-

speciﬁcity was 87% and 83% for the multiparametric

grated CAD Imaging in Ischemic Heart Disease) trial

CMR and 67% and 83% for stress myocardial perfu-

examined the diagnostic accuracy of varied nonin-

sion SPECT, with signiﬁcant differences noted for

vasive tests. In EVINCI, all 475 patients underwent

diagnostic sensitivity (p < 0.001). More recently,

coronary CTA and invasive coronary angiography but

5-year rates of cardiovascular death, acute coronary

selectively underwent stress imaging including stress

syndrome, and unplanned revascularization or CAD

myocardial perfusion positron emission tomography

hospitalization were reported from the CE-MARC trial

(n ¼ 96) and SPECT (n ¼ 293), dobutamine wall mo-

(43). The 5-year relative hazard for events was 2.8

tion CMR (n ¼ 85), and echocardiography (n ¼ 263)

(p < 0.001) for CMR versus 1.6 (p ¼ 0.014) for SPECT

(44). The results revealed that coronary CTA had the

imaging. Importantly, only CMR ﬁndings remained

highest accuracy with sensitivity and speciﬁcity of

predictive in multivariable models including risk

90% and 93%; of the stress imaging procedures,
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T A B L E 3 Summary of Economic Evidence From Imaging Randomized Clinical Trials in Stable Ischemic Heart Disease

Trial Acronym

PROMISE (32)

Near-Term D Cost

Target Population

N ¼ 9,504

SCOT-HEART (34) N ¼ 4,146

D $254 at 90-days (p ¼ NS)

Long-Term D Cost

Overall Cost Findings

D $627 at 3 yrs (p ¼ NS)

3-yr cumulative costs were $7,213 for
coronary CTA vs. $6,586 for
functional testing (p ¼ NS)

Index cost $342 higher for
$462 at 6 months higher for
coronary CTA (p < 0.001)
coronary CTA (p < 0.0001)

6-month cumulative costs were $1,900
for coronary CTA vs. $1,438 for SC
(p < 0.0001); when excluding index
coronary CTA cost, no differences in
downstream costs: D $89 (p ¼ 0.27)

CRESCENT (36)

N ¼ 350

Index cost $164 higher for
Selective coronary CTA

V71 at 1 yr higher for exercise ECG 1-yr cumulative costs were V369 for
(p < 0.0001)
coronary CTA vs. V440 for exercise
ECG (p < 0.0001)

WOMEN (33)

N ¼ 824

Index cost $341 higher
for exercise SPECT
(p < 0.001)

$35 higher for exercise ECG
(p ¼ 0.0008)

2-yr diagnostic procedural costs: $338
for exercise ECG vs. $643 for exercise
SPECT (p < 0.001)

NS ¼ not statistically signiﬁcant; other abbreviations as in Table 1.

positron emission tomography had the highest accu-

procedures. From the SCOT-HEART trial, 6-month

racy (sensitivity of 80%; speciﬁcity of 89%).

costs were slightly higher in the coronary CTA arm

A synthesis of this evidence supports that coronary

( D ¼ $462) but this difference represented only the

CTA has a higher diagnostic accuracy as compared with

upfront procedural cost because there were no cost

stress testing. Importantly, not all obstructive stenosis

differences associated with outpatient (p ¼ 0.16)

are ischemic (Figures 2A and 2B) and this forms the

and inpatient (p ¼ 0.98) services or medication use

basis for discordance with functional testing ap-

(p ¼ 0.50) (34).

proaches. This would impact diagnostic accuracy, if

PROMISE TRIAL. Similarly, in the PROMISE trial,

functional signiﬁcance is the gold standard, because

near-term (#90 day) cost differences were not sig-

coronary CTA would be less accurate in detecting a

niﬁcant by randomized test strategy of coronary CTA

CAD stenosis that is ﬂow-limiting (e.g., a stenosis with

versus functional testing (D ¼ $254) (32). In the near-

reduced FFR). This concept is fundamental to inter-

term (i.e., #90 days post-randomization), coronary

preting diagnostic accuracy trials.

COMPARATIVE COSTS FOR
DIAGNOSTIC TEST STRATEGIES
Many recent RCTs also include economic substudies that are highlighted in this section (Table 3)
(20,32–34,36,45).

CTA was associated with slightly (but nonsigniﬁcant)
higher costs associated with invasive coronary angiography

and

revascularization.

Conversely,

the

functional testing arm of the PROMISE trial had a
slightly higher (but nonsigniﬁcant) near-term costs
associated with downstream repeat or serial stress
testing. Through 3 years of follow-up, the difference
in costs by randomized test strategy in PROMISE was

WOMEN TRIAL. In the WOMEN trial, the index pro-

nonsigniﬁcant ( D ¼ $627), with similar ﬁndings for

cedural costs for the exercise ECG ($145) were lower

stress nuclear, echocardiography, and ECG testing.

than exercise myocardial perfusion SPECT ($495;

These longer-term cost ﬁndings identify the impor-

p < 0.001). However, 2-year follow-up costs were

tance of follow-up testing patterns as reﬂecting the

higher for those in the exercise ECG arm (p ¼ 0.008)

cost-consequences of a given index procedure (28).

with w1 in 5 women in the exercise ECG arm having a

CRESCENT TRIAL. By comparison, the CRESCENT

follow-up myocardial perfusion SPECT study. The

trial reported that randomization to the exercise ECG

higher follow-up costs among those in the exercise

strategy had more frequent follow-up noninvasive

ECG arm did not exceed the index procedural costs

diagnostic testing (53% in the exercise ECG arm versus

for myocardial perfusion SPECT, resulting in reduced

25% in the selective coronary CTA arm; p < 0.0001). In

diagnostic costs (average costs, $338 for exercise ECG

this trial, they reported a 16% cost savings associated

vs. $643 for exercise myocardial perfusion SPECT;

with the selective coronary CTA diagnostic approach

p < 0.001).

when compared with the exercise ECG strategy (V440

SCOT-HEART TRIAL. This example, from the WOMENs

versus V369; p < 0.0001). Similar ﬁndings from the

trial, supports the notion that a cheaper, index pro-

CAPP trial of higher rate of downstream testing at 1-

cedure may prove economically advantageous when

year in the exercise ECG vs. coronary CTA arms were

follow-up testing includes selective use of higher cost

also reported (p < 0.001) (37).
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A synthesis of evidence supports that cost differ-

these RCTs. Moreover, the improvements in angina

ences by randomized test strategy to coronary CTA

(frequency or stability) may reﬂect the inﬂuence of

versus standard stress testing strategies are generally

baseline symptom burden or may be speciﬁc to the

minimal over the near- and longer-term of follow-up

comparative procedure (e.g., the exercise ECG).

(Table 3).

The recent RCTs often enrolled lower-risk patients resulting in reduced occurrence of clinical

ONGOING RCTs

endpoints, a common issue for RCTs. This is

There are several ongoing trials that will further add
to the current understanding of comparative effectiveness research in SIHD imaging. The RESCUE
(Randomized Evaluation of Patients with Stable
Angina Comparing Utilization of Diagnostic Examinations) trial randomized 1,050 of 4,300 pre-deﬁned
patients with suspected CAD to a coronary CTA- as
compared with SPECT-guided strategy of care. The
primary endpoint for this trial is 2-year death, MI, or
revascularization.

This

Agency

for

Healthcare

Research and Quality–funded comparative effectiveness trial has been completed and is currently under
review.
Another trial is the MR-INFORM (Magnetic Resonance Perfusion Imaging to Guide Management of
Patients with Stable CAD) trial (23). The main hypothesis of MR-INFORM is that CMR stress perfusion
is noninferior to invasive coronary angiography with
FFR measurements in guiding treatment of SIHD patients. The primary endpoint is 1-year rate of death,
MI, or repeat coronary revascularization. Recruitment
of 918 patients has been completed with the 1-year
follow-up ending in August 2016.
An additional ongoing trial is the CONSERVE
(Coronary Computed Tomographic Angiography for
Selective Cardiac Catheterization) trial. This trial’s
primary endpoint is 1-year death, acute coronary
syndrome,

stroke,

nonelective

coronary

revas-

cularization, or cardiovascular hospitalization. The
CONSERVE trial will randomize 1,500 patients to a
coronary CTA plus selective invasive coronary angiography versus invasive angiography alone. Enrollment is limited to patients with elective indications
for invasive coronary angiography including those
with previously documented ischemia on stress
testing. This trial design is that of noninferiority for
coronary CTA as compared with invasive coronary
angiography.

KNOWLEDGE GAPS AND RCT LIMITATIONS

particularly problematic when follow-up duration is
short. Although this is representative of the current
population undergoing testing for suspected SIHD,
it may not reﬂect appropriate test candidates and
the reported lower-risk ﬁndings prompt consideration of alternative statistical approaches (e.g.,
reduced effect size, smaller alpha, higher beta
levels, or larger standard deviation estimates) to
incorporate greater uncertainty into sample size
calculations (46).
The often neutral RCT ﬁndings support equivalence among functional and anatomic test strategies.
The preponderance of negative trials reveals weaknesses in trial design, eligibility criteria, or other
factors that uniquely impact cardiovascular imaging.
Alternative approaches in all aspects of trial methodology and longer funding cycles (i.e., >5 years)
should

be

considered.

The

lower-risk

ﬁndings

coupled with lower costs of care also support
consideration of deferred testing arms for future
RCTs (28). Many of the RCTs rely on pre-test risk
estimates derived from older patient series that
signiﬁcantly overestimate CAD prevalence in contemporary patient cohorts. This contributes to a
perceived higher risk status and an observed lower
event rate. Importantly, there remains an opportunity
to impact RCT clinical endpoints only when there is a
sufﬁcient pool of patients whose chance of an event is
elevated.
Important considerations emerge from the SCOTHEART trial that may be key to future RCTs. First,
the overall coronary heart disease death or MI rates
in SCOT-HEART were >2-fold higher than for the
PROMISE trial, thus enrolling a higher-risk cohort.
Second, given the borderline p value for SCOTHEART (19), one may posit whether coronary CTA
may prove beneﬁcial in a cohort with more prevalent CAD. The coronary CTA obstructive CAD prevalence was 42.0% for SCOT-HEART but only 11.9%
(47) for PROMISE. With a higher CAD prevalence,
more patients would require the use of preventive

Several themes emerge from reviewing recent RCTs

and anti-ischemic therapies with established effec-

in SIHD imaging. First, most of the clinical outcome

tiveness, as illustrated in the analysis by Williams

ﬁndings are within the near-term (i.e., 1 to 3 years).

et al. (34). A ﬁnal consideration is the extent to

Variable patterns may emerge with longer-term

which diagnostic certainty favors coronary CTA and

follow-up time periods. The variability in clinical

results in a more proactive pattern of patient care

endpoints may contribute to the null ﬁndings of

remains ill-deﬁned.
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Current RCTs largely compare 1 test with another,

ECG in SIHD patients. The role of index CAC

but often not serial or selective testing approaches.

scoring as a means to selectively use coronary CTA

Detail is lacking on adherence to guideline-directed

or the exercise ECG should be included in this

management or the appropriate use of downstream

discussion.

procedures. RCT data are generally lacking on differences among key patient subsets (e.g., women)
(47). Future RCTs should incorporate more innovative trial designs to focus on reducing novel clinical
outcomes

while

achieving

cost

minimization.

Possible RCTs may also consider randomization by
varied diagnostic/therapeutic or care planning management approaches and their impact on clinical
outcomes.

RCTs AND IMPLEMENTATION SCIENCE

registries. There are several funding agencies that
have supported recent RCTs but the list is limited and
not all agencies prioritize funding of imaging RCTs to
the extent that they have treatment trials. There is
general consensus that there should be a greater in-

having limited generalizability of the main ﬁndings.
Issues of implementation science and the degree to
which the trial ﬁndings are assimilated into new
imaging policies guiding clinical practice (including
performance metrics) has not been a focus of
health

technology

assessment

programs,

with few exceptions. The UK NICE and European
Technology

Assessment

have

funding sources.
The imaging community must embark on novel
approaches to reduce the costs of future RCTs. As

Post hoc reviews have criticized recent RCTs as

Health

RCTs are costly and exceed the investment for clinical

vestment in imaging RCT from a broad array of

HEALTH POLICY IMPLICATIONS OF IMAGING

many

RCT FUNDING

performed

systematic reviews following the reporting of major
RCTs. Standards for the development and use of

proposed in a recent National Heart, Lung, and Blood
Institute workshop (49), an imaging trialist network
could provide economies of scale in the conduct of
RCTs. Trialist networks reduce costs by creating
interoperability among electronic health records and
have centralized data coordination and analysis,
among other factors. Moreover, RCTs embedded in
imaging registries may also reduce costs and prove
fruitful for enrollment and randomization within
well-deﬁned cohorts.

CONCLUSIONS

performance metrics based on imaging RCTs will
be essential for future quality improvement initia-

When compared with years past, there are now

tives. The extent to which RCTs inﬂuence current

several RCTs that are published and have vastly

medical practice remains an important consider-

changed the landscape of comparative effectiveness

ation for understanding the value of information

research in CAD imaging. We have synthesized

derived from the monetary investment in any

major ﬁndings and, at times, the trial results are

given trial.

conﬂicting or neutral but highlight a sea change in

In 2012, the NICE recommended coronary CTA as

focus for the imaging community. Evolution in trial

an index diagnostic procedure for patients with a

design, unique endpoints, follow-up clinical man-

low-intermediate

the

agement tracking, and optimal patient selection are

reduced accuracy of the exercise ECG (48). Several

anticipated for future imaging RCTs as the imaging

RCTs reveal that coronary CTA was associated with

community learns from the recent RCTs. Contem-

improved

porary thought now deﬁnes CAD as incorporating

pre-test

event-free

risk,

survival,

because

less

of

angina,

and

reduced healthcare costs (36,37). The high rate of

stenosis

indeterminate ﬁndings (w20%; Figure 2A), reduced

ischemia (e.g., FFR) or reduced coronary ﬂow

exercise capacity, and lower diagnostic accuracy are

reserve; this deﬁnition will likely be more common

disadvantages for the exercise ECG (1,38,39). By

in future RCTs.

severity

with

physiologic

measures

of

comparison, coronary CTA is associated with high

From the recent RCTs, 1 modality has not emerged

diagnostic certainty, timely documentation of mild

as superior to all others and across all patient sub-

and obstructive CAD, and fewer normal (down-

groups. Clinical implications from these varied RCTs

stream) invasive coronary angiograms (Figure 3), yet

supports that common diagnostic modalities are

exposes patients to ionizing radiation. Guidelines

similarly effective with generally low per-patient

committees

discussions

costs. Test ordering practices, in the setting of

should be ongoing as to the value of coronary

similar clinical and economic outcomes, should be

CTA as a ﬁrst-line procedure in lieu of the exercise

driven by local expertise, timeliness of scheduling,

and

coverage

policy
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and the ability of a given test to provide other information (e.g., exercise capacity, reproducing symp-
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toms). The current RCT evidence should provide
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