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ABSTRACT

BACKGROUND

Many patients have symptoms suggestive of coronary artery disease (CAD) and are
often evaluated with the use of diagnostic testing, although there are limited data
from randomized trials to guide care.

METHODS

We randomly assigned 10,003 symptomatic patients to a strategy of initial ana-
tomical testing with the use of coronary computed tomographic angiography (CTA)
or to functional testing (exercise electrocardiography, nuclear stress testing, or
stress echocardiography). The composite primary end point was death, myocardial
infarction, hospitalization for unstable angina, or major procedural complication.
Secondary end points included invasive cardiac catheterization that did not show
obstructive CAD and radiation exposure.

RESULTS

The mean age of the patients was 60.8+8.3 years, 52.7% were women, and 87.7%
had chest pain or dyspnea on exertion. The mean pretest likelihood of obstructive
CAD was 53.3+21.4%. Over a median follow-up period of 25 months, a primary
end-point event occurred in 164 of 4996 patients in the CTA group (3.3%) and in
151 of 5007 (3.0%) in the functional-testing group (adjusted hazard ratio, 1.04; 95%
confidence interval, 0.83 to 1.29; P=0.75). CTA was associated with fewer catheter-
izations showing no obstructive CAD than was functional testing (3.4% vs. 4.3%,
P=0.02), although more patients in the CTA group underwent catheterization within
90 days after randomization (12.2% vs. 8.1%). The median cumulative radiation
exposure per patient was lower in the CTA group than in the functional-testing
group (10.0 mSv vs. 11.3 mSv), but 32.6% of the patients in the functional-testing
group had no exposure, so the overall exposure was higher in the CTA group
(mean, 12.0 mSv vs. 10.1 mSv; P<0.001).

CONCLUSIONS

In symptomatic patients with suspected CAD who required noninvasive testing, a
strategy of initial CTA, as compared with functional testing, did not improve clinical
outcomes over a median follow-up of 2 years. (Funded by the National Heart, Lung,
and Blood Institute; PROMISE ClinicalTrials.gov number, NCT01174550.)
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EW-ONSET, STABLE CHEST PAIN IS A
common clinical problem that results in
approximately 4 million stress tests an-
nually in the United States in ambulatory pa-
tients without diagnosed heart disease. Despite
advances in cardiac testing, there is scant infor-
mation on health-related outcomes and little con-
sensus about which noninvasive test is prefera-
ble.>* As a result, current patterns of care have
been questioned, including the testing of very-low-
risk populations® and the catheterization of patients
who do not have obstructive coronary artery
disease (CAD).68
The development of coronary computed to-
mographic angiography (CTA) and its applica-
tion in this context has the potential to reduce
unnecessary invasive testing and improve out-
comes, owing to its substantially higher accuracy,
as compared with functional testing, and its
unique ability to detect prognostically important
but nonobstructive CAD.®*> However, the relative
impact of data from noninvasive anatomical test-
ing versus functional testing on subsequent man-
agement and clinical outcomes is not known. 1>
The objective of the Prospective Multicenter
Imaging Study for Evaluation of Chest Pain
(PROMISE) was to compare health outcomes in
patients who presented with new symptoms sug-
gestive of CAD that required further evaluation
and who were randomly assigned to an initial
strategy of anatomical testing with the use of
CTA or to functional testing. The primary hy-
pothesis of the study was that the clinical out-
comes in patients assigned to anatomical testing
with the use of CTA would be superior to those
in patients assigned to functional testing.

METHODS

STUDY DESIGN
This trial used a pragmatic comparative effective-
ness design that has been described previously.1®
The study was conducted with fidelity to the pro-
tocol (available with the full text of this article at
NEJM.org). The study protocol was approved by
the local or central institutional review board at
each coordinating center and at each of the 193
enrolling sites in North America. The study sites
included those with expertise in the fields of cardi-
ology, primary care, radiology, and anesthesia and
represented both the community and academia.
The study was supported solely by grants from
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the National Heart, Lung, and Blood Institute
(NHLBI), and there were no agreements regard-
ing data confidentiality. The authors coordinat-
ed the trial, managed the database, independently
performed the analyses, and wrote the drafts of
the manuscript. Together with NHLBI represen-
tatives, they designed the trial, oversaw study
conduct and reporting, and take responsibility for
the accuracy and completeness of data analyses.

STUDY PARTICIPANTS
The study participants were symptomatic outpa-
tients without diagnosed CAD whose physicians
believed that nonurgent, noninvasive cardiovas-
cular testing was necessary for the evaluation of
suspected CAD. Additional inclusion criteria were
an age of more than 54 years (in men) or more than
64 years (in women) or an age of 45 to 54 years (in
men) or 50 to 64 years (in women) with at least
one cardiac risk factor (diabetes, peripheral arte-
rial disease, cerebrovascular disease, current or
past tobacco use, hypertension, or dyslipidemia).
Exclusion criteria were an unstable hemodynam-
ic status or arrhythmias that required urgent eval-
uation for suspected acute coronary syndrome, a
history of CAD or evaluation for CAD within the
previous 12 months, or clinically significant
congenital, valvular, or cardiomyopathic heart
disease, or any reason that the patient could not
be randomly assigned to either group safely
(Table S1 in the Supplementary Appendix, avail-
able at NEJM.org).

STUDY PROCEDURES
After providing written informed consent, par-
ticipants were randomly assigned to either the
CTA group or the functional-testing group, with
stratification according to study site and accord-
ing to the choice, as indicated before randomiza-
tion by the managing caregiver, site investigator,
or other authorized personnel, of the intended
functional test if the patient were to be assigned
to that study group.*® Tests were performed and
interpreted by local physicians who made all sub-
sequent clinical decisions. Appropriate medical
therapy was encouraged, and educational materials
were provided to patients and providers (see the
Supplementary Appendix). Follow-up visits were
performed at 60 days at the study sites and cen-
trally by means of telephone or mail at 6-month
intervals after randomization, for a minimum of
1 year.
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Enrollment began on July 27, 2010, and was
completed on September 19, 2013. On April 30,
2013, the protocol was amended to require a
minimum follow-up of 1 year, rather than 2 years.
The decision was based on budgetary limitations,
after careful consideration of the importance of
the 12-month post-test period for judging the
effect of the diagnostic testing strategies. All the
patients were followed until October 31, 2014.

DIAGNOSTIC TESTING
Before enrollment, the PROMISE Diagnostic Test-
ing Coordinating Center certified the study sites
with respect to all the testing methods, including
compliance with professional society guidelines
regarding the quality of test equipment, staff and
physician experience, and image-acquisition pro-
tocols. Functional testing included exercise elec-
trocardiography (ECG), exercise or pharmacologic
nuclear stress testing, and stress echocardiogra-
phy. Anatomical testing was contrast-enhanced
CTA performed with the use of a 64-slice or greater
multidetector CT scanner.

EFFECTIVENESS AND SAFETY END POINTS
The primary end point was a composite of major
cardiovascular events that included death from
any cause, myocardial infarction, hospitalization
for unstable angina, and major complication of
cardiovascular procedures or diagnostic testing
(stroke, major bleeding, renal failure, or anaphy-
laxis) that occurred within 72 hours, over the en-
tire follow-up period for each patient® (end-point
definitions are provided in Table S2 in the Sup-
plementary Appendix). Secondary end points in-
cluded a composite of the primary end point or
invasive catheterization showing no obstructive
CAD, other combinations of the components of
the primary end point, invasive cardiac catheter-
ization showing no obstructive CAD, and cumu-
lative radiation exposure; the latter two end points
were determined at 90 days. Members of an inde-
pendent clinical-events committee adjudicated
all primary and secondary end-point events in a
blinded fashion on the basis of standard, prospec-
tively determined definitions.”

Cumulative radiation exposure was defined
as radiation exposure related to all the cardio-
vascular testing or procedures performed within
90 days after randomization, including CTA, nu-
clear stress testing, and invasive coronary angiog-
raphy or angioplasty. Radiation exposure was
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measured in millisieverts and was calculated or
imputed with the use of standard methods.*-2°
No obstructive CAD on invasive catheterization
was defined as an estimated absence of stenosis
of 50% or more, as interpreted by the study-site
staff, in any major epicardial vessels, including
side branches of at least 2 mm in diameter, on
the first cardiac catheterization performed with-
in 90 days after randomization. If the study-site
report regarding invasive cardiac catheterization
was inconclusive, catheterization films were re-
viewed for a visual assessment of CAD.

STATISTICAL ANALYSIS
We estimated that enrollment of 10,000 patients
would provide the study with 90% power to de-
tect a relative reduction of 20% in the primary
end point in the CTA group, as compared with
the functional-testing group, assuming an event
rate of 8% in the functional-testing group at 2.5
years and a 3% loss to follow-up, at an alpha
significance level of 0.05. In addition, the study
was planned so that in the event of a nonsignifi-
cant result in the comparison for superiority, there
was sufficient power for a prespecified noninferi-
ority assessment to rule out a 10% relative in-
crease in the risk of the primary end point in the
CTA group, assuming that anatomical testing was
better than functional testing by 10%. Statistical
comparisons of the diagnostic testing strategies
were performed according to the randomization
assignment. Since all the patients in the study
were to be followed for a minimum of 1 year,
secondary analyses of the primary and secondary
end points were performed on the basis of 1-year
outcomes.

Statistical comparisons of the two random-
ized groups were based on a time-to-first-event
analysis that used the Cox proportional-hazards
model.2* To account appropriately for heteroge-
neity among the study patients, comparisons were
adjusted for a prespecified set of baseline covari-
ates, including age, sex, CAD risk equivalent (his-
tory of diabetes, peripheral arterial disease, or
cerebrovascular disease), and the prespecification
of the intended functional test if the patient were
to be randomly assigned to the functional-testing
group. Relative risks were expressed as adjusted
hazard ratios with associated 95% confidence
intervals and were derived from the Cox model.
Cumulative event rates were calculated for each
randomized group as a function of the time from
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randomization with the use of the Kaplan—-Meier
method.?? The Cox model was also used to as-
sess the consistency of the effects of the diag-
nostic testing strategy by testing for interactions
between the diagnostic strategy and baseline
characteristics that were prespecified for sub-
group analysis. Radiation exposure was com-
pared between the randomized groups with the
use of the Wilcoxon rank-sum test.

10,003 Patients underwent randomization

4996 Were assigned to anatomical
testing strategy with CTA

5007 Were assigned to functional-
testing strategy

4686 (93.8%) Underwent CTA as first 4692 (93.7%) Underwent functional
test test as first test

4589 (97.9%) Underwent CTA
97 (2.1%) Underwent CAC scoring
only
310 (6.2%) Did not undergo CTA
as first test
154 (49.7%) Underwent other test
as first test
9 (2.9%) Underwent catheter-
ization
104 (33.5%) Underwent nuclear
stress imaging
27 (8.7%) Underwent stress
echocardiography
14 (4.5%) Underwent exercise
ECG
156 (50.3%) Did not undergo test

3159 (67.3%) Underwent nuclear
stress imaging
1056 (22.5%) Underwent stress
echocardiography
477 (10.2%) Underwent exercise
ECG
315 (6.3%) Did not undergo func-
tional test as first test
67 (21.3%) Underwent other test
as first test
20 (6.3%) Underwent catheter-
ization
47 (14.9%) Underwent CTA or
CAC scoring
246 (78.1%) Did not undergo test
2 (0.6%) Underwent test before
randomization

At 12-mo follow-up:
4750 (95.1%) Completed study
125 (2.5%) Withdrew consent
121 (2.4%) Were lost to follow-up

At 12-mo follow-up:
4600 (91.9%) Completed study
247 (4.9%) Withdrew consent
160 (3.2%) Were lost to follow-up

4996 (100%) Were included
in the analysis

5007 (100%) Were included
in the analysis

Figure 1. Enrollment, Randomization, and Follow-up of the Trial Patients.

A total of 404 patients (248 patients in the functional-testing group and
156 in the computed tomographic angiography [CTA] group) did not under-
go any testing owing to withdrawal from the study (26.5% of the untested
patients), missed appointment (25.7%), financial hardship (21.8%), medi-
cal reasons (9.9%), scheduling conflicts (7.9%), or miscellaneous reasons
(8.2%). Two patients underwent functional testing before randomization,
and their tests were excluded. Data on all 10,003 patients were included in
the analysis of the effectiveness of the testing strategy. Percentages may
not sum to 100 owing to rounding. CAC denotes coronary-artery calcium,

and ECG electrocardiography.
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No interim analyses of the primary and sec-
ondary end points were performed; therefore,
the alpha significance level in the final primary
analysis was 0.05. We performed all the com-
parisons using two-sided significance tests. All
the analyses were performed with the use of SAS
software, version 9.2 or higher (SAS Institute).

RESULTS

STUDY POPULATION
The study population consisted of 10,003 patients
(Fig. 1). The median follow-up time was 25 months
(interquartile range, 18 to 34), with a maximum
follow-up time of 50 months. Complete follow-
up of at least 12 months was obtained for 9350
participants (93.5%).

CHARACTERISTICS AT BASELINE
The mean age of the patients was 60.8+8.3 years,
5270 of the 10,003 patients (52.7%) were women,
and 2248 of the 9941 patients with data (22.6%)
belonged to a racial or ethnic minority group
(Table 1). The study population had a substantial
burden of cardiovascular risk factors: 21.4% of
the patients had diabetes, 65.0% had hyperten-
sion, 51.1% were past or current tobacco users,
67.7% had dyslipidemia, and 32.1% had a family
history of premature CAD. Patients had a mean
of 2.4 of these five risk factors; only 2.6% of the
patients were enrolled in the study by meeting
the age criterion alone. A CAD risk equivalent
(diabetes, peripheral vascular disease, or cere-
brovascular disease) was present in 2531 patients
(25.3%). The assessment of cardiac risk, which
was calculated according to the 2013 atheroscle-
rotic cardiovascular disease risk score from the
American College of Cardiology—American Heart
Association guidelines, showed that 6697 of
9901 patients (67.6%) had a 10-year risk of events
of 7.5% or higher.2* The use of cardiovascular
medications was common (Table 1).

All the patients (except 7 patients for whom
records were missing) were symptomatic, with
8762 of the 9996 patients (87.7%) reporting ei-
ther chest pain (7272 [72.7%]) or dyspnea on
exertion (1490 [14.9%]) as the primary symp-
tom. In the remaining 12.3% of patients, the
primary symptom was (in descending order of
frequency) fatigue or weakness, arm or shoulder
pain, palpitations, dizziness or light-headed-
ness, or neck or jaw pain. Chest pain was de-
scribed as aching or crushing pain in 70.7% of
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Table 1. Characteristics of the Trial Participants at Baseline, According to Study Group.*

CTA Strategy Functional-Testing Strategy
Characteristic (N=4996) (N=5007)
Mean age —yr 60.7+8.3 60.9+8.3
Female sex — no. (%) 2595 (51.9) 2675 (53.4)

Racial or ethnic minority group — no./total no. (%)
Cardiac risk factor
Mean body-mass index::
Hypertension — no. (%)
Diabetes — no. (%)
Dyslipidemia — no./total no. (%)
Family history of premature CAD — no. /total no. (%)§
Peripheral arterial or cerebrovascular disease — no. (%)
CAD risk equivalent — no. (%)
Metabolic syndrome — no. (%) |
Current or past tobacco use — no./total no. (%)
Sedentary lifestyle — no./total no. (%)**
History of depression — no. (%)
Risk burden{
No risk factors — no. (%)
Mean no. of risk factors per patient

Mean combined Diamond and Forrester and Coronary
Artery Surgery Study risk scorei:

Relevant medication — no./total no. (%)
Beta-blocker
ACE inhibitor or ARB
Statin
Aspirin
Primary presenting symptom — no./total no. (%)
Chest pain
Dyspnea on exertion
Other(§
Type of angina — no. (%)94
Typical
Atypical

Nonanginal pain

1166/4968 (23.5)

30.5+6.1
3247 (65.0)
1065 (21.3)
336574995 (67.4)
1624/4979 (32.6)
263 (5.3)
1246 (24.9)
1867 (37.4)
2533/4994 (50.7)
24294985 (48.7)
978 (19.6)

126 (2.5)
24211
53.4+21.4

1205/4783 (2
2089/4783 (43.
2215/4783
2164/4783

A S Al )

(25.2
(
(463
(45.2

3673/4992 (73.6)
7124992 (14.3)
607/4992 (12.2)

590 (11.8)
3873 (77.5)
533 (10.7)

1082/4973 (21.8)

30.5+6.1
3254 (65.0)
1079 (21.5)
3402/5007 (67.9)
1578/4991 (31.6)
289 (5.8)
1285 (25.7)
1905 (38.0)
2571/5006 (51.4)
24374997 (48.8)
1080 (21.6)

137 (2.7)
24211
53.2+21.4

1194/4786 (24.9)
21054786 (44.0)
21744786 (45.4)
2116/4786 (44.2)

3599/5004 (71.9)
778/5004 (15.5)
627/5004 (12.5)

576 (11.5)
3900 (77.9)
531 (10.6)

[ N

—_a

s

)

i
i Combined Diamond and Forrester and Coronary Artery Surgery Study risk scores® range from 0 to 100, with higher

Plus—minus values are means +SD. There were no significant between-group differences at baseline, except with re-
spect to racial or ethnic minority group and history of depression. ACE denotes angiotensin-converting enzyme, ARB
angiotensin-receptor blocker, CAD coronary artery disease, and CTA computed tomographic angiography.

Racial or ethnic minority group was self-reported, with the status of “minority” being defined by the patient.
Body-mass index is the weight in kilograms divided by the square of the height in meters.

A family history of premature CAD was defined as diagnosis of the disease in a male first-degree relative before 55 years
of age or in a female first-degree relative before 65 years of age.

CAD risk equivalent was defined as diabetes, peripheral vascular disease, or cerebrovascular disease.

The metabolic syndrome was defined according to consensus criteria of the American Heart Association and the National
Heart, Lung, and Blood Institute.?

* Sedentary lifestyle was defined by the patient as not participating in regular physical activities at least one time per

week over the previous month.
Risk factors included hypertension, diabetes, dyslipidemia, family history of premature CAD, and tobacco use.

scores indicating a greater likelihood of obstructive CAD.
Other primary symptoms were (in descending order of frequency) fatigue or weakness, arm or shoulder pain, palpita-
tions, dizziness or light-headedness, and neck or jaw pain.

99 The type of angina was reported by the study-site investigators.
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the patients and was relieved by nitroglycerin or
rest in 33.3% of the patients. The mean pretest
likelihood of obstructive disease according to a
combined Diamond and Forrester and Coronary
Artery Surgery Study model was 53.3+£21.4%.2

INITIAL TESTING
Among the 4996 participants randomly assigned
to a CTA strategy, 4686 (93.8%) had a CTA as the
initial test, 145 (2.9%) had a functional test, and
156 (3.1%) had no test (Fig. 1). A total of 9 patients
in the CTA group proceeded directly to catheteriza-
tion. Among the 5007 patients randomly assigned
to a functional-test strategy, 4692 (93.7%) had a
stress test, 47 (0.9%) had a CTA, 246 (4.9%) had no
test, and 2 patients had the test before randomiza-
tion. A total of 20 patients in the functional-testing
group proceeded directly to catheterization.

Among the 4837 patients from either group
who underwent a functional test, 3263 (67.5%)
underwent nuclear stress testing, 1083 (22.4%)
stress echocardiography, and 491 (10.2%) exercise
ECG; 29.4% of the stress tests were pharmaco-
logic. The study sites reported their interpreta-
tion of the initial test as positive for CAD in 517
of 4840 patients (10.7%) in the CTA group and
in 556 of 4759 (11.7%) in the functional-testing
group (Table S3 in the Supplementary Appendix
lists the criteria for positive tests).

OUTCOME MEASURES
During follow-up, 164 patients (3.3%) in the CTA
group and 151 (3.0%) in the functional-testing
group had a primary end-point event (hazard ra-
tio, 1.04; 95% confidence interval [CI], 0.83 to
1.29; P=0.75) (Table 2 and Fig. 2). The upper limit
of the 95% confidence interval (1.29) exceeded the
conservative prespecified noninferiority margin of
1.10. Results were also not significant for the sec-
ondary end point of the composite of the primary
end point plus invasive cardiac catheterization
showing no obstructive CAD, which occurred in
332 patients (6.6%) in the CTA group and in 353
(7.1%) in the functional-testing group (hazard ra-
tio, 0.91; 95% CI, 0.78 to 1.06; P=0.22) (Fig. S1 in
the Supplementary Appendix). Other combina-
tions of the primary end-point events did not differ
significantly between the two groups across the
duration of the trial. The results of the primary end-
point analyses in the prespecified subgroups were
consistent with those in the overall population
(Fig. S2 in the Supplementary Appendix).
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During the first 12 months of follow-up, 88
patients in the CTA group, as compared with 91 in
the functional-testing group, had a primary end-
point event (hazard ratio, 0.94; 95% CI, 0.70 to
1.26; P=0.68) (Table S4 in the Supplementary
Appendix). At 12 months, the secondary end point
of the composite of the primary end point plus
invasive cardiac catheterization showing no ob-
structive CAD occurred in 256 patients (5.1%) in
the CTA group, as compared with 296 (5.9%) in
the functional-testing group (hazard ratio, 0.85;
95% CI, 0.72 to 1.00; P=0.06). At 12 months, the
risk of death or nonfatal myocardial infarction
was lower in the CTA group than in the function-
al-testing group (hazard ratio, 0.66; 95% CI, 0.44
to 1.00; P=0.049). Other prespecified end points
were similar in the two study groups. There were
37 patients with mild safety events in the CTA
group and 21 in the functional-testing group (Ta-
ble S5 in the Supplementary Appendix).

CARDIAC CATHETERIZATION AND RADIATION DATA
Overall, 1015 patients underwent at least one car-
diac catheterization within 90 days after ran-
domization: 609 of 4996 patients (12.2%) in the
CTA group and 406 of 5007 (8.1%) in the func-
tional-testing group. The results for 170 of the
609 patients (27.9%) in the CTA group, as com-
pared with 213 of the 406 (52.5%) in the func-
tional-testing group, showed no obstructive CAD.
The secondary end point of catheterization show-
ing no obstructive CAD occurred in 3.4% of the
patients in the CTA group as compared with 4.3%
of those in the functional-testing group (P=0.02).
Revascularization was performed within 90 days
after randomization in 311 0f 4996 patients (6.2%)
in the CTA group as compared with 158 of 5007
(3.2%) in the functional-testing group (P<0.001),
including 72 patients and 38 patients, respectively,
who underwent coronary-artery bypass grafting.
The distribution of cumulative radiation ex-
posure at 90 days was complex, since 4.0% of the
patients in the CTA group and 32.6% of those in
the functional-testing group had no exposure to
ionizing radiation (Fig. S3 in the Supplementary
Appendix). The median exposure was lower in the
CTA group than in the functional-testing group
(10.0 mSv vs. 11.3 mSy), although the mean expo-
sure was higher in the CTA group (12.0 mSv vs.
10.1 mSv); the overall exposure was higher in the
CTA group than in the functional-testing group
(P<0.001). Among the 6781 patients whom phy-
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Table 2. End Points According to Study Group.*

End Point

Clinical end point — no. of patients
Primary composite end point
Death from any cause
Nonfatal myocardial infarction
Hospitalization for unstable angina
Major procedural complication

Primary end point plus catheterization showing no ob-
structive CAD

Death or nonfatal myocardial infarction

Death, nonfatal myocardial infarction, or hospitalization
for unstable angina

Test-related end point

Invasive catheterization showing no obstructive CAD
—no. (%)

Cumulative radiation exposure in all procedures
<90 days after randomization — mSv

All patients
Median
Interquartile range
Intended functional test before randomization
Nuclear stress testing
Median
Interquartile range
Stress echocardiography
Median
Interquartile range
Exercise electrocardiography
Median

Interquartile range

Functional-
Testing Adjusted
CTA Strategy Strategy Hazard Ratio
(N =4996) (N=5007) (95% ClI) P Value
164 151 1.04 (0.83-1.29) 0.75
74 75
30 40
61 41
4 5
332 353 0.91 (0.78-1.06) 0.22
104 112 0.88 (0.67-1.15) 0.35
162 148 1.04 (0.84-1.31) 0.70
170 (3.4) 213 (4.3) — 0.02
12.0+8.5 10.1+9.0 — <0.001
10.0 11.3
5.6-17.2 0.0-13.5
12.0+8.4 14.1+7.6 — <0.001
10.1 12.6
5.7-17.1 11.1-16.0
12.6+9.0 1.3+4.3 — <0.001
10.6 0.0
5.5-18.3 0.0-0.0
10.4+7.8 2.31£5.4 — <0.001
8.5 0.0
4.8-15.7 0.0-0.0

* Plus—minus values are means +SD. A patient may have had

more than one of the component events that make up the

composite end point, in which case the patient is included in the count for each individual component event that oc-
curred. Hazard ratios were adjusted for age, sex, CAD risk equivalent (history of diabetes, peripheral arterial disease, or
cerebrovascular disease), and the prespecification of the intended functional test if the patient were to be randomly as-
signed to the functional-testing group. Test-related end points were not adjusted.

sicians intended to refer for nuclear stress test-
ing if the patients were randomly assigned to the
functional-testing strategy, the cumulative radia-
tion exposure was lower in the CTA group (me-
dian, 10.1 mSv [interquartile range, 5.7 to 17.1];
mean, 12.0 mSv) than in the functional-testing
group (median, 12.6 mSv [interquartile range,
11.1 to 16.0]; mean, 14.1 mSv) (P<0.001).
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DISCUSSION

PROMISE enrolled a large, community-based pop-
ulation of symptomatic patients undergoing eval-
uation for suspected CAD for whom noninvasive
testing was indicated according to current guide-
lines and for whom a preferred strategy for the
selection of the noninvasive test has not been es-
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Figure 2. Kaplan—Meier Estimates of the Composite Primary End Point as a Function of Time after Randomization.
The graph shows the unadjusted Kaplan—Meier estimates of the primary composite end point (death from any
cause, nonfatal myocardial infarction, hospitalization for unstable angina, or major procedural complication). The
adjusted hazard ratio for a CTA strategy, as compared with a usual-care strategy of functional testing, was 1.04
(95% Cl, 0.83 to 1.29), with adjustment for age, sex, risk equivalent of coronary artery disease (history of diabetes,
peripheral arterial disease, or cerebrovascular disease), and the prespecification of the intended functional test if
the patient were to be randomly assigned to the functional-testing group. The inset shows the same data on an en-
larged y axis.

tablished. Despite the presence of an intermedi-
ate level of risk, as estimated by historically vali-
dated models, the event rate was lower than
predicted. A strategy of anatomical testing with
the use of CTA, as compared with use of func-
tional testing, did not reduce the incidence of
events over a median follow-up of 25 months.
Advances in cardiovascular imaging have en-
hanced physicians’ diagnostic abilities, but an in-
crease in the use of advanced imaging methods
without a clear demonstration of an effect on
health outcomes has led to increased regulation
that has been designed to control spending and
improve quality.?> Together, the limited available
data, a multiplicity of testing options, concerns
regarding current patterns,>® and the introduc-
tion of CTA for the evaluation of CAD have re-
sulted in calls for an improved evidence base for
imaging as well as a paradigm shift from a focus
on test performance to a focus on clinical end
points to better determine the role of noninvasive

N ENGL ) MED

testing in the evaluation of CAD symptoms.'#252¢
These concerns were addressed by several features
of this trial, including its large size, randomized
comparison of testing strategies, broadly repre-
sentative community setting, use of clinical events
as the primary end point, and inclusion of other
relevant clinical outcomes as secondary end points.

Both CTA and functional testing in this trial
resulted in a primary event rate of 3.1% overall.
This result is congruent with the event rate ob-
served in an administrative data set of younger
persons (<65 years of age)?” but not in the Euro
Heart Survey of stable angina, which involved
3000 patients with a risk-factor profile that was
similar to that in our cohort and in which the
rate of death or myocardial infarction at 1 year
was 2.3%.2% The low rate of end-point events
observed in the present trial may be due to the
higher use of cardiovascular medications, espe-
cially statins, in our patients, as well as to other
improvements in cardiovascular care over the past
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decade. Regardless of the cause, the event rate
observed in our study probably reflects an excel-
lent prognosis for patients with similar, new-
onset, stable chest pain in real-world settings in
which contemporary testing methods are used.
Showing a difference in patient outcomes with
different testing strategies given this excellent
midterm prognosis would require a large incre-
mental test effect driving differences in down-
stream care or an extremely large study sample.
As compared with functional testing, the CTA
strategy was associated with a lower incidence of
invasive catheterization showing no obstructive
CAD during the 90 days after randomization,
which was a prespecified secondary end point.
Although more patients randomly assigned to
CTA underwent at least one cardiac catheteriza-
tion within 90 days after randomization (12.2%,
vs. 8.1% in the functional-testing group) and more
patients in the CTA group underwent revascular-
ization overall (6.2% vs. 3.2%), including coronary-
artery bypass grafting, revascularization was not
a trial end point. The lack of discernible differ-
ences in outcomes at 2 years is consistent with a
trial that was not designed or powered to assess
the effect of additional diagnostic tests (e.g., inva-
sive catheterization) or specific therapeutic pro-
cedures (e.g., revascularization) on outcomes.
The mix of tests in the functional-testing
group, including a test with and two tests without
radiation exposure, created a complex picture of
lower median but higher mean radiation expo-
sures in the CTA group than in the functional-
testing group. Since the choice of noninvasive
test will dramatically alter relative exposures, the
precise mix used in this trial is most useful for
providing a snapshot of current practice across
our enrolling sites, rather than offering definitive
insights regarding harm or benefit from a CTA
strategy versus a functional-testing strategy. How-
ever, if the choice for an individual patient is be-
tween CTA and nuclear stress testing, as was the
case in 67.8% of our patients, then the exposures
within the stratum of patients for whom nuclear
stress testing was intended if they would be as-
signed to functional testing become most rele-
vant. For these patients, the median cumulative
exposure was 2.5 mSv lower and the mean expo-
sure 2.1 mSv lower in the CTA group than in the
functional-testing group. As expected, radiation
exposure was much higher in the CTA group
than in the functional-testing group in the stra-
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tum of patients for whom stress ECG or stress
echocardiography was intended if they would be
assigned to functional testing.

The radiation results should be interpreted in
the context of the pragmatic trial design of
PROMISE, which included minimal requirements
for all testing methods, as noted previously.
Thus, there was variation across sites with re-
spect to radiation exposures in the CTA and
nuclear scans owing to expected differences in
equipment, isotopes, and image-acquisition pro-
tocols; adherence to best practices can be ex-
pected to result in even lower exposures with
either of the two tests.

Despite the fact that the trial did not require
a substantial risk-factor burden for enrollment,
our population had the desired intermediate
pretest likelihood of obstructive CAD of 53.3%,?
indicating that the trial enrolled a target popula-
tion that was highly suitable for an evaluation of
the effectiveness of noninvasive testing in sus-
pected CAD. These data also provide evidence of
appropriate (rather than excessive) referral to
testing. In spite of this, there was a low rate of
test positivity in the two study groups, which is
congruent with recent reports.>2%3° These find-
ings highlight a substantial opportunity to im-
prove the selection of patients for noninvasive
testing beyond currently accepted approaches.3!

The pragmatic design of this trial enhances
its generalizability to real-world settings but may
limit applicability in settings with tightly controlled
population selection, expert noninvasive test per-
formance, or rigorously followed algorithms for
subsequent care. This article does not address test
performance or utility. Since the intended choice
of functional test was used to stratify random-
ization and adjust the primary results, our find-
ings are valid for a different mix of functional-
testing methods.

In conclusion, in symptomatic patients with
suspected CAD who required noninvasive testing,
an initial strategy of CTA was not associated with
better clinical outcomes than functional testing
over a median follow-up of 2 years.
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